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Abstract: This Special Issue on Healing Spaces includes eight articles consisting of studies at
the interface between design and health. The articles address some of the latest findings using
state-of-the-art technologies, important outcomes for human health and wellbeing, and suggest
exciting directions for the future of this research field.

Keywords: human health; built environment; urban open space; forest healing; wellbeing;
psychology; physiology

The field of design and health, previously the purview of healthcare design professionals,
has reached a new turning point where health impacts are becoming a focal point for designing
environments on all scales. Many factors, including economic and societal, have contributed to this
trend, but a large contributor is the proliferation of non-invasive wearable and stationary technologies
measuring both health and environmental factors, which provide objective evidence for the real-time
impacts of the built environment on many aspects of health, wellbeing, and performance. Research
conducted with emerging tools is allowing for the discovery of human health variables in correlation
to built environment conditions in expansive new ways. Each paper in this edited collection utilizes
such technologies, knowledge from medical science, and sophisticated data analytics to discover
relationships between environments and human wellbeing.

This Special Issue of “Healing Spaces: Designing Physical Environments to Optimize Health,
Wellbeing and Performance” in the International Journal of Environmental Research and Public Health
(IJERPH) includes articles that address a spectrum of human health measures in different contexts.
The techniques and methods vary, ranging from electroencephalography (EEG) devices to record
frontal alpha symmetry (FAA) values, to correlational human subject surveys that assess mood states
and other extrinsic and intrinsic human wellbeing factors. In some cases, the human subject research
data is collected in real-time in the settings of interest, while in others the data is collected in a pre- and
post-setting experience through laboratory testing. The settings and contexts tested also vary, ranging
from urban public spaces to natural forests.

The eight articles published in this issue focus on objective outcomes for human health and
wellbeing based on measurements, which in turn leads to implications for the design of built
environments for better health and wellbeing. This Special Issue provides both foundational knowledge
for an emerging field of research as well as specialized results for design application.

In the first paper, Olszewska-Guizzo et al. [1] discuss mental health outcomes from exposure to
green spaces in urban areas. The authors test the accuracy of different methods for predicting positive
mental health and wellbeing outcomes from urban landscape exposures. They also discuss the specific
features of urban green spaces that may be most beneficial for mental health and wellbeing. The results

IJERPH 2020, 17, 1155; doi:10.3390/ijerph17041155 www.mdpi.com/journal/ijerph1
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of the study inform prevention and intervention measures for mental health, future research in the
field, and design guidelines for optimal urban green spaces.

Lyu et al. [2] study how bamboo forest therapy impacts immune system responses and
psychophysiology of male college students. While bamboo forest therapy is identified as a fast-growing
form of stress management, there is a knowledge gap in its specific health benefits, as the authors
indicate. Some of the important findings of their study include an increase in positive mood states
along with a reduction in negative mood states, and a decrease in heart rate, blood pressure, and
corticosterone levels in the male participants exposed to forest environments. The authors, conclude
that a three-day bamboo forest therapy session improves immune function, and physiological and
psychological well-being in their participant cohort. Importantly, they recommend further studies to
evaluate impacts on cardiovascular disease, hypertension, and cancer.

Plans et al. [3] study the relationship between the density of green spaces and cardiovascular
risk factors and whether this relationship is different for male and female residents in the city of
Madrid, Spain. The cardiovascular risk factors studied include obesity, diabetes, hypertension, and
high cholesterol. The findings reveal a moderate association between these risk factors, except for
obesity, and the density of green spaces within different proximities (buffer sizes) for females, but
not for males. More research on gender differences and their relationship to green spaces of different
buffer sizes and cardiovascular health is therefore much-needed, as per the authors. The findings of
this study, nonetheless, provide evidence for policy-makers wishing to create healthier environments
in cities and reduce gender inequities.

Molina-García et al. [4] study the role of neighborhood characteristics in influencing physically
active and sedentary behaviors in university students—a topic that has not been studied before,
according to the authors. The authors find associations between neighborhood-built environments and
socioeconomic status with active commuting, leisure-time physical activity, and sedentary behavior
among university students. They discuss the implications of these findings, which include the design
of university residential environments to promote walkability, available transportation, and exercise in
college students.

Chien et al. [5] discuss the benefits of urban open spaces on human health. Specifically, they
examine the associations between the proximity to open spaces and adult renal function. The results
reveal that a lower prevalence of chronic kidney disease is associated with proximity to open space
among adults in Taiwan without hypertension or impaired fasting glucose. This paper highlights
the positive association between open spaces and human physiology and complements the first
paper, which shows the positive relationship between green spaces and mental health in urban areas.
Additionally, the findings hold much significance for countries with a high population density, such as
Taiwan, since it makes a stronger case for more open spaces to improve the health of residents.

Takayama et al. [6] examine and compare the restorative effects of urban and forest settings
on people. They find forest settings to have higher restorative properties than urban irrespective
of individual traits, thereby highlighting the greater psychological and physiological benefits of
forest environments. The authors call for more research on the relationship between forest settings
and individual traits, and conclude by emphasizing the importance of developing forest experience
programs suited for different individual trait types. The findings of this study highlight the effectiveness
of forest therapy at combating daily stressors in urban life. As per the authors, this study could also be
used to develop short-term forest staying programs for better psychological health in urban dwellers.

Shepley et al. [7] conduct an in-depth literature review to reveal the relationship between the
presence of urban green spaces and the frequency of violent crime. Using a qualitative method,
they find that green interventions in built urban environments, such as vegetated streets, walkways,
community gardens, or simply the amount of tree cover, resulted in a reduction in crime. While
the results for the relationship between city parks and undeveloped green areas and crime were
inconclusive, the authors recommend more meta-analyses and qualitative studies on the topic so
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that city governments and communities may use the data to support more effective interventions to
mitigate violent crime in urban settings.

Devos et al. [8], in the last paper of this Special Issue, emphasize the importance of acoustic
environments to support persons with dementia. From a review of key concepts related to soundscapes,
cognitive deficits, and other related behaviors, the authors propose a new framework for the composition
and improvement of acoustic environments in dementia care environments. This framework consists
of acoustic stimuli to influence moods, triggering feelings of safety, and other beneficial responses for
residents with dementia. Optimal acoustic design for healthy spaces is often given less importance
than visual or haptic design. This paper, therefore, makes an important contribution to the field.

Seven of the eight research studies focus on the urban and natural environments, using either
open space or forest conditions as the spatial modality for human wellbeing impact. The eighth article
is the only paper focusing on indoor memory care environments, though more specifically on the
soundscape as an environment. Since papers were not targeted or solicited for this Special Issue in
any particular domain, the preponderance of focus on urban and natural environments may reflect
the well-established and long history of health studies at the urban planning scale, in contrast to
the relatively recent advent of objective health measures at the individual building scale, beyond
removing toxins from such environments. As the field of design and health continues to expand
beyond healthcare facilities and public open space, we anticipate more human health research will
emerge for varying indoor environments and programmatic uses. We envision that all spaces of
the designed built environment, whether indoor, outdoor, urban, or natural, have the potential to
contribute to human wellbeing and healing.

While each study reported here includes a relatively low number of participants, in combination,
they provide increasing evidence for the health benefits of green spaces, whether urban or forest.
The fact that these studies spanned the globe, from Spain, China, Taiwan, Singapore, to Japan and
the US, is also indicative of the universal benefits of green spaces, regardless of culture or location.
The articles in this special issue demonstrate how the built environment directly or indirectly affects
human psychology, physiology, and overall wellbeing. We hope that this will stimulate more research
in the burgeoning field of design and health. The interactions between humans and their environments
are complex, and involve individual traits besides social, cultural, and behavioral issues. We are excited
to see how more innovations in bio-sensing technology can help researchers address these issues
to improve overall human health, wellbeing, and performance. As researchers continue to address
knowledge gaps and take on new challenges, we look forward to mounting evidence for the health
effects of built and natural environments at all scales and building types, impacting future directions in
education, practice, and policy for the built environment.
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finalizing. All authors have read and agreed to the published version of the manuscript.
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Abstract: Sound and its resulting soundscape is a major appraisal component of the living
environment. Where environmental sounds (e.g., outdoor traffic sounds) are often perceived as
negative, a soundscape (e.g., containing natural sounds) can also have a positive effect on health
and well-being. This supportive effect of a soundscape is getting increasing attention for use in
practice. This paper addresses the design of a supportive sonic environment for persons with
dementia in nursing homes. Starting from a review of key mechanisms related to sonic perception,
cognitive deficits and related behavior, a framework is derived for the composition of a sonic
environment for persons with dementia. The proposed framework is centered around using acoustic
stimuli for influencing mood, stimulating the feeling of safety and triggering a response in a person.
These stimuli are intended to be deployed as added sounds in a nursing home to improve the
well-being and behavior of the residents.

Keywords: supportive soundscape; sonic environment; nursing homes; ageing; dementia

1. Introduction

As ageing is a dominant concern of today’s society, adopting health care towards the needs of
older people is an important challenge. With regard to ageing, one of the major causes of disability
and dependency among older people is dementia. Dementia is a syndrome in which abnormal
cognitive impairment leads to disability and dependency. It is the additional deterioration of cognitive
capabilities compared to normal ageing deterioration. It originates from underlying disease induced
brain changes and results in impairment of memory, thinking, orientation, awareness, comprehension,
calculation, learning capacity, language and judgment [1]. As a consequence daily functioning
is hindered. Dementia can also result in challenging behavior, leading to a variety of Behavioral
and Psychological Symptoms of Dementia (BPSD). Different underlying diseases like prion disease,
Alzheimer disease, vascular dementia, fronto-temporal dementia (e.g., semantic dementia), Parkinsons’
disease, dementia with Lewy bodies and others are known to result in dementia, with 47 million
people affected worldwide and a prevalence of 10 million affected people each year [2,3].

In order to have permanent care guaranteed from accessible and supportive care givers,
people with dementia can reside in nursing homes. Such institutions are operating to provide

IJERPH 2019, 16, 4904; doi:10.3390/ijerph16244904 www.mdpi.com/journal/ijerph5
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residential accommodation with supervision from nursing staff 24 h a day, meals, help with personal
care needs and additional specialized services to older people. The residents occupy a sleeping room
and can reside during specific daytime periods in a living room, where social interaction and group
support can take place. As the behavior of a person is related to his well-being, the underlying
determinants like health, environment and social activity are important aspects for the delivery of
a high quality of life in these accommodations. In order to guarantee a high quality of life for the
residents and especially in the case of residents with dementia the provided care should span medical,
social and supportive care [4].

There is a growing understanding of how various aspects of the living environment could affect
health and well-being, in particular for persons with reduced mental capabilities. Directly, as well
as indirectly, this also affects care professionals. Such understanding is needed in the design of
healing environments [5].

An important component of the living environment is the sonic environment, which,
in combination with the perception of it by a person or a group of persons in a specific context,
is known as a soundscape. A sonic environment and a soundscape are related but they are not
quite the same thing. The former refers to the collection of physical sounds present and audible in
a given space, while the latter is the perceptual construct resulting for a person exposed to this sonic
environment. The ISO working group recently clarified this issue by defining the soundscape as
an “acoustic environment as perceived or experienced and/or understood by a person or people,
in context” [6]. Thus, it is essential to understand what people actually “perceive” instead of merely
measuring the physical properties of a sonic environment. The context considered here is a typical
nursing home, which is a medicalized, institutional care and living facility context.

By providing people with signals about the environment they experience, sound plays a crucial
role as it can influence cognition and thus, also behavior [7]. Many studies dealing with the treatment
of persons with dementia were underpinned by sensory stimulation but often failed to properly
consider the everyday sonic environment and its potential to influence persons either positively or
negatively [8]. Nevertheless, the auditory domain should be carefully taken into account for persons
with dementia, since they are likely to rely more on sound than other people, due to a high prevalence
of visual impairments compared to hearing impairments [9]. For this group of people, indeed, sound
is often the pathway to making sense of the surrounding world, because with the impairment of one
sense (e.g., vision), the auditory information can compensate for the negative effects of the degraded
visual one. Providing conditions that not only “permit,” but rather “promote” supportive sonic
environments could be beneficial for the well-being and quality of life of persons with dementia in
care facilities. For this to happen, it is also necessary to raise awareness on this matter among the
staff members working in the care sector [10,11]. Because of their “implicit knowledge about the
role of the auditory environment into the daily practice of working with persons with an intellectual
disability” [9], they may play a crucial role in improving this environment through changes in modus
operandi, a knowledge gained in the group of people with intellectual disability and also applicable to
people with dementia.

In this paper, a framework for improving the auditory environment by adding acoustic stimuli to an
existing acoustic environment in order to obtain supportive effects for persons with dementia, is proposed.
The paper starts with a narrative review of elements contributing in the interplay between perception,
cognition and behavior. This leads to the main result, the definition of targeted effects which can be
understood as contributing to behavior influencers and its presentation in a framework for soundscape
design in nursing homes. This framework is then discussed in view of general aspects and in view of related
studies where soundscape deployment in nursing homes has been experimented.

2. State of the Art

The design of a sonic environment in the context of a nursing home hosting persons with
dementia requires taking into account the existing evidence in the field of auditory perception and
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related behavior with respect to ageing and cognition deficits, the state of the art of which is narratively
reviewed here.

2.1. Perception: From Sonic Environment (Acoustic Scene) to Soundscape

Having defined the difference between a sonic environment and a soundscape, it is important
to understand what makes the construction of the latter possible, descending from the former.
Identifying how the mechanisms involved might be different for people with cognitive impairments
will allow us to derive the design methodology. Due to the ubiquitous nature of sound, the scanning
of all sounds present in a sonic environment demands a very high cognitive load, making a saliency
mechanism in sound perception beneficial [12]. Auditory attention plays a key role in this process [13].
The ability of a sound to attract attention is in turn affected by a number of factors related to
both the characteristics of the sound itself, as well as by personal traits of the listener, reflecting
a bottom-up and top-down modulation of the attention mechanism. Attention can be modulated
by ’bottom-up’ stimulus-driven factors (e.g., a loud explosion sound), ’top-down’ task-specific goals
(e.g., in case of an announcement in a busy train station), expectations and learned schemas [14].
Although general attention is a multi domain modality making it necessary to account for multi sensory
(visual) integration [15], the auditory attention mechanism remains in case of visual impairment.
Sounds that are foregrounded by the attention and gating mechanisms will trigger associations.
These are often related to sound sources or activities [16]. In a more general sense, these sounds
have meaning. A simple interpretation of “meaning” could indeed be the collection of associations
triggered by noticing a sound. Meaning is personal, but also has a cultural component. It can change
over time through new experiences resulting in novel neural associations provided the plasticity of
the brain is intact. The sonic environment, as a whole, also has the potential of creating meaning,
changing mood, affect and emotion, irrespectively of whether it is split in separate auditory objects
that receive attention. Music is by far the best-known example [17] but also natural and environmental
sound environments may have music-like characteristics [18]. But even simple sounds can trigger an
emotional response depending on their loudness and sharpness [19]. Appraisal of the soundscape
involves the cognitive and emotional response described above related to personal expectations
and frame of reference. Expectations in a shorter time frame influence the appraisal of the sonic
environment [20], with moderate expectation violation creating the most pleasing environments.
Liking and pleasure follow an inverse U curve with the degree of complexity or predictability of
the environment (the Wundt curve). Very simple sonic environments, or cognitive and emotional
journeys, are easily predicted and do not open up the possibility for learning. Very high complexity
causes unpredictability and constant expectation violation, which also results in lower appraisal
of the environment—the middle is just right. As experience grows, the inverse U curve shifts to
higher complexities. A qualitative model relating sonic environment to soundscape is sketched in
Figure 1 from Reference [21].
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Figure 1. Human perception model: from sonic environment to soundscape appraisal (adapted
from [21]). The surprise text balloons indicate some possible deficits resulting in e.g., deviant appraisal
(upper left): impaired perception of sound features; (lower left): impaired recognition of sounds; (right):
impaired perception of auditory scenes and objects.

2.2. Perceived Safety Theory

Following Maslow’s hierarchy of needs, aside from essential physiological needs, safety is a basic
need a person should fulfill [22]. Modern theories of perceived safety, such as the Generalized Unsafety
Theory of Stress (GUTS), explain observations by assuming that the stress response is the default
state that constantly needs to be inhibited [23,24]. Common situations where this is affecting behavior
includes loneliness, low social status, adult life after prenatal or early life adversity, lack of a natural
environment and less fit bodily states such as obesity or fatigue. Reflected to the context of nursing
home residents with dementia, one could consider loneliness and lack of a natural environment as
important situations. The absence of (environmental) signals that confirm safety may lead to chronic
stress responses rather than the presence of instantaneous stressors. In this way, understanding
where one is and understanding what time it is, will result in a behavior adapted to place and time.
Since audition is the primary sense for detecting danger, it can be expected that the sonic environment
has the power to influence perceived safety. Shäfer et al. [25] have shown the importance of stress
and danger as perceived from music, silence and natural sounds (chirping crickets) in order to obtain
indications of the environment, indicating that suitable music could be beneficial for this purpose.

2.3. Effects of Subliminal and Attended Sound on Behavior

The polarity of a sound with regard to its attended versus subliminal nature is giving two distinct
ways to influence the behavior of a person. In a care setting where the use of sounds is considered,
music therapy is an example of the behavior influencing potential of attended sounds. Music has been
shown to give a manifold of positive effects, ranging from more physiological effects (arouse body
temperature, reduce muscle tension, lower blood pressure, enhance depth breathing, elevate brain
waves) to emotional or functional effects (influence emotion, decrease depression/improve mood,
increase endurance and productivity, decrease anger, improve memory and learning, enhance sleep
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quality) [26,27]. Considering the emotional response, music is able to influence the mood and the
emotions of a person and the ‘Musical Mood Induction Procedure’ (MMIP) [17] has gained a lot of
attention and has shown that combined specific characteristics of the different musical elements (mode,
tempo, pitch, rhythm, harmony and loudness) give rise to a range of emotional expressions (serious,
sad, fear, serene, humorous, happy, exciting and majestic). In general, a slow tempo, low pitch and
minor mode are associated with negative arousal and fast tempo, high pitch and major mode are
associated with positive arousal. While music has a direct effect on mood its cognitive processing can
also remind people of valued past events [28]. The initial mood is of importance in obtaining a high
level of desired mood. Personal factors need to be taken into account, since individual differences
occur from musical experience, preferences and traits. Indeed, it is important to state that music has
a potential twofold outcome, as it can result in a positive or negative impact [26]. Apart from music,
many different sounds can be present and take part in an acoustic scene. In general they can be classified
following a detailed taxonomy of possible sound sources in a specific context (e.g., References [29,30]).
A primary classification lies in the distinction between biophonic, geophonic and anthropogenic sounds.
Nature and an associated natural sound environment have been shown to increase mental restoration
after stressful periods [31] and the facilitation of mood recovery [32]. As components of nature, in
a restorative environment one can consider ’being away’ (giving rest in directed attention), fascination
(freedom of thinking), extent (freedom) and compatibility (resulting in facilitating efforts) [33]. Bird
sounds and birdsong in particular may contribute to a positive feeling, perceived restoration of
attention and stress recovery [34–37]. For most people, natural sounds and birdsong in particular
create a positive valence and are perceived as calm or vibrant [38].

2.4. Changing Auditory Processing and Cognition with Age

Age-related hearing loss (Presbycusis) is characterized by reduced hearing sensitivity (higher
frequencies) and speech understanding in noisy environments, slowed central processing of acoustic
information, and impaired localization of sound sources [39]. This disorder affects hearing in more
than half of the elderly population and is known to influence the peripheral and cortical auditory
processing. In older adults, the interplay between these processing centers leads to a more dominant
distractability due to decreased afferent information regulation [40]. The resulting deficits are mainly in
sound localization and temporal processing, which lead to poor speech perception. It has been shown
that age-related deficits in the interhemispheric information processing may be at the origin of different
hearing problems among the older people [41]. As for temporal origin, older people have a degraded
hearing gap detection, which leads to missing elements in the segmental information of speech and
results in degraded speech perception in noise [42]. Apart from the degeneration of the auditory
system due to the ageing process itself, noise damage also takes part as a dominant factor. In addition,
genetic susceptibility, otological disorders and the use of ototoxic drugs (like aminoglycosides, quinine,
bèta blockers, non-steroidal anti-inflammatory agents and tricyclic antidepressants) can contribute
to the decline in hearing [39,43]. Accumulated drug intake is the case in a significant group of older
people [43]. As part of the binaural localization, the source position estimation results from processing
inter-aural intensity differences and inter-aural time differences, which are affected by hearing loss [44].
In addition, the auditory distance perception in humans is based on sound level, degree of reverberation
and frequency as primary cues and on non perceptual factors, including the importance of the auditory
event to the listener [45,46]. The degree of reverberation (direct-to-reverberant energy ratio) is of
obvious importance in an indoor context. In case of hearing loss, the use of sound level as a distance
cue remains effective, the use of the degree of reverberation as distance cue becomes less effective [46].
It was evidenced that brain regions for sound localization and for sound identification processing
are distinct [47], as many of these auditory deficits reflect the deteriorated activity of specific cortex
regions. Hearing impairment has negative impacts on quality of life and daily functioning for older
persons, as they affect conversation, music appreciation, orientation to alarms and participation
in social activities [39,48] as was shown in an longitudinal study of more than 2500 subjects [49].

9



IJERPH 2019, 16, 4904

Although hearing aids and assistive devices can have a positive impact, hearing aid uptake in older
adults remains low despite the significant technological progress in hearing aid technology over the
last decade [50].

2.5. Deviant Auditory Processing and Resulting Behavior in Dementia

Symptoms of altered auditory cognition due to dementia induced brain changes were studied
in a clinically oriented symptom-based approach by Hardy et al. [51], showing that these symptoms
range from impaired perception of sound features to impaired higher cognitive tasks as the recognition
of sounds, auditory scenes and objects:

• Impaired perception of sound features: this may manifest as cortical deafness or relatively
selective ‘word deafness’ or auditory agnosia, more commonly described with progressive non
fluent aphasia.

• Impaired recognition of sounds: due to erosion of semantic memory deficits of nonverbal sound
recognition (auditory associative agnosia) like the recognition of environmental sounds are present
in patients with semantic dementia, while for some individuals recognition of melodies preserves.

• Impaired perception of auditory scenes and objects: in this case difficulty following conversations
and other sounds against background noise are reported, this may result in avoiding social
interactions and a general dislike of complex auditory environments.

• Auditory hallucinations: Tinnitus as an elementary auditory hallucination is commonly reported
by patients with semantic dementia. Muffled sounds or voices as hallucinations are often reported
by patients with Lewy body dementia, as well as other musical hallucinations (comprising
persistent familiar, basal tunes).

• Abnormal auditory behaviors: In this case, deviant emotional or hedonic behavioral responses
to sound are observed in patients with dementia (due to impaired recognition of musical and
nonverbal vocal emotions). Sound aversion is present in many patients of fronto-temporal
dementia. On the other hand, abnormal craving for music (musicophilia) is associated with
semantic dementia, these patients may show increased sensitivity to sound (hyperacusis).

Where speech and music are main sources when considering sound, several studies provide
information and results related to the cognition of nonverbal sounds in dementia [52–54]. As reported,
the findings provide evidence that separable stages of auditory object analysis and separable profiles
of impaired auditory object cognition can be considered as they are encountered in different dementia
syndromes. From these studies, it is clear that the wide spectrum of dementia results in a wide scale
and levels of deviation in the “sound-cognition-behavior” interplay (as illustrated in Figure 1), and that
from the underlying disease, the typical characteristics of the interplay can be considered, resulting in
more or less distinct groups among the persons with dementia.

3. Soundscape Design Framework

In view of the above mentioned successes of music therapy and in view of the stated effects that
the sonic environment may have on people, the suggestion is to carefully design the sonic environment
in the place of residence of persons with dementia. In contrast to their peers in the same age category,
these persons no longer have the ability to participate in events nor to create their own comfortable
and/or stimulating environment. The main difference between soundscape design and music therapy
lies in the continuous character of the sonic environment. To this end, a framework for designing
a soundscape for persons with dementia is proposed that is based on the above narrative review and
that is intended to be used in a soundscape intervention as is indicated in Figure 2.
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Figure 2. Schematic representation of the soundscape intervention introducing the added composed
soundscape targeted to the desired behavioral response.

As previously described, it is clear that, due to dementia, different cognitive deficits can occur
and can result in a perturbed sound perception, interpretation, appraisal and resulting behavior.
While dementia is a syndrome of a wide window of cognitive deficits, it is a practical and attractive
methodology to work with a limited number of distinguishable personas, which can identify the
different over-all capabilities of the persons. In a first approach, a bi-level classification in interpreting
and reacting capabilities of a person leads to an approach based on four personas [55,56]. Persons
with a light form of dementia that has acceptable interpreting and reacting capabilities may benefit
from making a wide variety of acoustic stimuli available to improve the stimuli-poor nursing home
environment. For persons with reduced interpreting capabilities the sonic environment should be easy
to disentangle. Explicit and clear meaning that may or may not relate to the past of the person should
be beneficial. Not understanding the environment may lead to anxiety. These people may also lack the
interpretation of time and space so sonic elements that help with understanding the day or the place
may help. Persons with limited reacting capabilities may suffer from poor sonic environments while
not being able to react appropriately. This may lead to behavior that is disturbing for other residents
as well as for staff. Soundscapes may be more complex, diverse and challenging when interpretation
capabilities are intact. The use of persona is motivated to account for a basic personalization of the
resulting soundscape composition.

3.1. Designing for Effects

The evidence shows that an appropriate soundscape design could result in the following desired effects:

3.1.1. Mood Changers

The potential of using sound for changing mood will be discussed within the framework of the
circumplex model of mood [57,58]. As a depressed mood is common for residents with dementia,
supporting them to increase valence and/or arousal using specific sounds is attractive. Based on
the evidence for music therapy, the mood changers in soundscape design can be understood as
a time-elongated session of music therapy, where the sounds are played in the sleeping room or the
living room of the residents. As an additional benefit a resulting positive mood has been shown to
broaden the scope of auditory attention [59], giving desired outcomes in improved social interaction.
With respect to arousal, mood changers may support the diurnal pattern of activities in the nursing
home and help to synchronize inhabitants with this pattern. At specific times of the day, engaging
and activating sounds may be beneficial while during other periods calming sounds may be beneficial.
Sounds with a low level of meaning that may not even attract attention but that show fast fluctuations
especially in the higher frequency range (e.g., a morning bird chorus) typically increase arousal
and could be used for example, in the morning. Lower frequencies and slow variations, on the
other hand, tend to reduce arousal and have a calming effect. In addition, the meaning associated
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with foregrounded sounds and music can indirectly influence mood, yet mainly along the valence
dimension. When used for persons with dementia, special care is needed. When using music, the effect
of rhythm seems to remain longer than lyrics during progression of dementia. Yet melody recognition
may still be useful. In view of reduced capabilities to disentangle sounds and predicting what comes,
lower complexity sonic environments are beneficial. Pleasure and thus the increase of valence are more
likely to be related to these easy-to-predict-sonic environments than in healthy persons. Using the
meaning associated with sounds or music for people with dementia remains challenging. Although
using sounds from their past seem attractive for creating arousal, care should be taken not to reduce
valence through associations that may not be known by the soundscape designer (e.g., music heard
frequently during war times). Yet, in any case, meaning should be clear. Sounds that can not easily
be interpreted without an explicit context (e.g., waves breaking on the shore) should be avoided.
As a good rule-of-thumb, any sound that is expected to trigger associations should have an obvious
and immediate meaning to the designer even if reproduced in poor conditions (as a proxy for reduced
hearing capabilities). Considering the expected outcome of these mood changers, one can think of
reduced medication intake through engaging, calming or activating residents.

3.1.2. Safety Enhancers

In order to enhance a safety feeling, basic stressors (like not knowing where one is and not
knowing what time it is) need to be avoided while in line with the GUTS signals confirming safety
should be provided continuously. Information about the current time and place is crucial with this
respect. Auditory sources can give this information and can enhance the safety feeling in this way.
As an example one can think of the church bells giving a specific sound each hour. Such a sound is
easily recognized and incorporates the time information. The characteristics of the bell sound itself
can even work as a spatial orientation sound, making it function as a soundmark in place and time
orientation. Also in the framework of the GUTS sounds heard in the distance with a repeating character
can confirm the presence of other people and the usual surrounding activity. Both biophonic and
anthropogenic sounds could be used. This could be particularly important at the moment that the
person with dementia is alone. Safety enhancers for people with dementia should be particularly
clear and high fidelity sounds that can easily be recognized. Too much novelty should be avoided.
Considering the expected outcome of these safety enhancers, one can think of more tranquil nights
and better sleep quality (through relaxing and stabilizing a resident).

3.1.3. Response Triggers

A sound can be used to evoke a (Pavlovian) reaction in a way that specific behavior is initiated.
For this reactive purpose, clear and unique sounds are required, which in general generate low level
associations in the brain and trigger an autonomous like response. They can also take part in the
nomic or symbolic mapping as a level of understanding the environment. Following the daytime
activity patterns and personal habits, such sound elements are in general present in a person’s nomic
or symbolic map, as one can often relate specific sounds to the predicted and desired activity. In this
way they arise from the life-long learning and experiencing of the temporal binding of daily sounds.
In a home context, one can think of the typical sounds of cutlery or kitchen sounds as an indication that
a meal is expected to follow. In the context of a nursing home, starting from the existing environment
as experienced by a resident with dementia, amplification of nomic sounds and additional explicit
symbols in the soundscape may be required. Considering the expected outcome of these these response
triggers, one can think of enhanced efficiency through triggering, announcing and avoiding startle of
a resident.
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3.2. Soundscape Composition

With the objective to obtain an appropriate soundscape, a daylong pattern of added sounds
needs to be composed. These sounds consist of elementary acoustic stimuli and are intended to
improve behavior to be in correspondence with the diurnal activities. As added sounds are used
in the continuous (24 h a day, 7 days a week) soundscape intervention, the desired outcome will
benefit from a high-quality acoustic comfort and from the maximal avoidance of disturbing sounds.
As designed sound environment will continue in perpetuity, residents will become habituated to these
sonic environments and this new norm will become the confirmation of safety. As learning is very
limited in persons with dementia, habituation could be less than for healthy persons. Still, switching
off any added sound should be done carefully and only if unavoidable as this change may trigger
unwanted behavior. The healthy brain may contain multiple representations of the world around
it and use parallel predictive models, yet it is unsure how strongly this ability is preserved in all
forms of dementia. In the daylong sound pattern, as depicted in Figure 3, the different elementary
acoustic stimuli (including silent periods), the levels of which are between the typical background
and foreground levels, are scheduled appropriate to the diurnal pattern and the personal aspects
(persona). The sounds that are foreseen should be dominant and attract attention only if they are
intended to trigger certain behavior. Mood changers and safety enhancers should be easy to suppress
or background. Furthermore, the design of the sonic environment is intended to amend or replace
the sounds that are typical for the institutionalized environment with sounds that are typical for an
everyday living environment, the selection of which is supposed not to give person specific adverse
reactions as can be assured from prior personal information or from staff observation and monitoring.
The added sounds will be designed to mask undesired unit sounds if these are likely to trigger an
unwanted response and are not enhancing perceived safety. In other situations, the added sound will
create additional context for the sounds that are already present, modifying their meaning. In the
context of a nursing home the resulting sound pattern can be delivered to the sleeping room of
a resident or to a living room common for all residents. Where the soundscape composition for
a common living room needs to take into account the presence of multiple residents, the composition in
case of an individual sleeping room can be targeted towards the specific resident. Preferred sounds may
change over time, for example because of the progression of the disease. As persons with dementia are
generally not able to express their like or dislike nor to modify the playback system, a suitable playback
system will need to rely on an evaluation of the state of the resident by a care giver. In view of efficiency,
the soundscape intervention technology may benefit from an easily accessible feedback system and
from staff participation in the operational aspects of the deployment. The determination of the diurnal
pattern and the selection of the specific acoustic stimuli can result from participation of staff and
residents as can be obtained during co-creation sessions. Designing an improved sonic environment
for persons with dementia requires not only sufficient knowledge of the everyday context and the state
of the residents, but also thorough insight into acoustics and psychoacoustics. This publication could
only provide some suggestions, yet involving an acoustical expert in training the staff responsible for
tuning and maintaining the sound playback is crucial.
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Figure 3. Representation of the nursing home soundscape design model, illustrating the 3 main
behavior influencers with their expected outcomes, as scheduled over a diurnal pattern following the
needs of a specific persona.

4. Discussion

In order to implement soundscapes for people with dementia, special requirements are needed to
be fulfilled, in addition to basic standard guidelines.

As the intervention is intended to add acoustic stimuli to the existing soundscape, care should be
taken that the resulting soundscape does not become chaotic. Sound levels of the added components
need to be chosen in correspondence of the typical sound levels at the targeted places and with respect
to the hearing capacity of a resident. The intention is to add sounds that mix in the level range between
foreground and background levels. Indoor sound levels in nursing homes are reported for the different
type of rooms present [10,60–62]. The existing soundscape in a nursing home (on the level of the living
rooms) could often be described as giving an annoying, monotonous and uneventful perception [11].
This indicates that added acoustic stimuli could be deployed in these settings without obtaining
a chaotic perception of the overall sonic environment.

In order to be effective, the deployment of the soundscape needs to take into account the
foreground versus background characteristics and the timing aspects arising from diurnal temporal
patterns. As a nursing home is an institution where staff is interacting with residents following their
care needs, the anthropogenic soundscape component will follow the diurnal patterns arising from
the organization of the care. In general, this follows a fixed daily pattern reflecting the different care
and support activities (basic assistance such as helping patients bath, dress themselves, get up and
down, walk, use of wheelchairs or walkers, food delivery, intake and administration of medication,
support during social game sessions, . . . ). Apart from the caregiver-resident interactions, the working
schedule of the care givers with fixed moments of team shifts will also give rise to specific activity
patterns. The diurnal composition of the delivered soundscape is beneficial through the support in the
awareness of rhythms and routines of the residents, which is known to improve the care outcome [63].

In previous work [64], a pilot soundscape intervention study was conducted to experiment with
composed soundscapes (Figure 4). In order to obtain maximal desired outcome, a study of the level of
acoustic comfort present in the different nursing homes was performed, consisting of reverberation
time measurements and sound insulation measurements between rooms, initiating interventions
that have been realized to improve the acoustic comfort level in specific rooms [65,66]. During these
experiments, different acoustic stimuli were selected to be part of a soundscape composition that
was played continuously in individual rooms of residents.The selection and timing of these stimuli
resulted from co-creation sessions with staff and family members. Staff need to be included in
design changes and environmental interventions because this will stimulate staff cooperation and
improve resident care. The resulting selected acoustic stimuli consisted of Birdsong (bird signing
in natural context, light natural sounds as background) and Wind (light breeze in natural context
and sounds of leaves rustling in the trees) during the morning, Bell (bell of a church marking the
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hour), Cafeteria (sounds of people chatting and cutlery) around noon, Typewriter (sound of a person
writing, using a typing machine and little bell) in the afternoon, Music (“Claire de lune”—Debussy)
towards the evening and a Heartbeat (sound of heartbeat with a rate of approximately 60–80 bpm) in
the evening. A first evaluation of the experiments (living labs) was based on a qualitative interview
on the impression of experiences of the health care professionals who worked with the soundscapes.
Globally, the soundscapes were experienced as positive; the impact on the ‘atmosphere’ was obvious
and consequently also on the behavior of the persons with dementia, mainly due to the ‘orientating’
function of the soundscape and under the condition that the soundscape is tailored made. A certain
degree of ‘habituation’ was observed but this was not necessarily considered negative.

Figure 4. Illustration of a soundscape intervention: (left) photograph of a sleeping room setting with
a soundscape player indicated with a red circle, (right) diurnal pattern of a composed soundscape with
a weekly structure.

Where these sound tracks were selected during the co-creation sessions considering their
appropriateness seen the timing characteristics and the specific nursing home context, they can
also be considered in view of their supportive potential. Following the derived soundscape design
framework a sound can contribute to the different desired effects in variable ways. This potential is
illustrated in Figure 5 where the relative importance of the different desired effects (changing mood,
stimulating the feeling of safety and triggering a response) is shown in a ternary plot, as resulted from
a (subjective) single person assessment. The plot can be interpreted as a sound behavior influencing
plot giving a visual interpretation of the behavior influencing effects of a sound in a specific context
(specific place and time during the day) as is reflected in the ternary position and the influencing
strength as is reflected in the saturation level of the color of the sound. A position more central in
the triangle reflects a non-specific influencing sound, while a sound represented more to the corners
indicates a sound with a specific influencing sound.

Taking into account the different possible deficits in the behavior pathway of a person with
dementia, sounds should be intended to provide basic information in a redundant manner, as can be
provided from both the foreground (meaning) pathway and the background (core affect) pathway.
Considering that the different non musical sounds have a universal character and can be considered to
have been present spread over a past lifetime, it can be expected that reminiscence [67], as originating
from remaining long-term memory, can contribute in this way. The effect of ambient sound on the
perceived safety was studied by Sayin et al. [68] and showed that when perceived social presence is
higher and positive, the feeling-of-safety is also higher. In this view a typical bell sound of a church
could act in this manner as it is intended to give an indication of an (active) community in the
(perceived) neighborhood.

In understanding the role of sound on behavior, as is necessary in the design of a soundscape,
one can also consider what is called a mind-state. Andringa et al. [69] described this approach as
a model for describing the interaction between the core cognition and the peripheral sensing of a person.
The interaction is described in a way that different arousal levels allow for different levels of mind-states.
These levels range from a maximally restoring mind-state (sleep), over a restoring mind-state
(characterized by fascination, automated tasks and automatic perception-action), an effortful mind-state
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(with novel tasks, directed attention and partial perception disengagement) to the highest arousal
mind-state which is even effortful and even inefficient (from multitasking, directed attention switching
and distractor claimed attention). Due to the cognitive deficits of persons with dementia, it can be
expected from their activity levels that they mainly reside in a restoring mind-state. The use of an
additional composed soundscape could help in stimulating and activating the residents towards
a higher effortful mind-state.

Figure 5. Ternary plot illustrating the mixing (relative importance indicated in percentages) of the
mood, safety and response triggering aspects of the different acoustic stimuli: (1) Birdsong, (2) Wind,
(3) Bell, (4) Cafetaria, (5) Typewriter, (6) Music, (7) Heartbeat as considered in a specific context.
The saturation level of the color indicates the strength of the effects.

Due to the burden of dementia, a detailed diagnosis is often not available, which hinders the
detailed personalization of the approach. In order to overcome this problem, a practical methodology
combining bedside information with specific investigations was introduced which can lead to a clinical
outcome which offers a ground for an added level of personalization [51]. Based on the knowledge of
cognitive relations, such outcomes could indicate desired sound management characteristics resulting
in personalized sound stimuli to be included in the composition.

5. Conclusions

Based on a narrative review of existing knowledge on the influence of the sonic environment on
well-being and behavior and on the deviant processing of acoustic stimuli by people with dementia,
this publication proposes designing supportive soundscapes for nursing home residents with dementia
and forwards an appropriate design methodology. In addition to a classical acoustic design-for-comfort
that includes appropriate sound insulation of the facade and between rooms, adequate absorption for
reducing unwanted sound as well as improving speech intelligibility and reducing installation and
operational noise, soundscape design also includes the permanent playback (24 h/7 days) of a sound
composition in different rooms of the nursing home. One of the main reasons for adding these sounds
is to influence the behavior of residents, to result in a decreased BPSD. The permanent character of
the optimized sonic environment and the ubiquitous presence of such an intervention can make it
an attractive mode of therapy as compared to the more common music therapy. It could enlighten the
existing nursing home soundscape which is often perceived as annoying, monotonous and uneventful.
The suggested design methodology proposes reflecting on three types of influences that the sonic
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environment could have—changing mood, increasing perceived safety and triggering responses.
Both clearly noticeable sounds (triggering responses, perceived safety) and subliminal backgrounds
(mood changers, perceived safety) could be used for these purposes. In view of the burden of different
cognitive deficits, which take a specific role in the interplay between perception, cognition and
behavior of persons with dementia and which come on top of the changing auditory processing and
cognition with age, a few guidelines are proposed to the soundscape designer concerning the choice of
sounds in his or her composition for this specific target group. Reduced capability of auditory scene
analysis, gating and object formation should be considered and therefore complex sound environments
should be avoided. Associative memory deficits may result in unexpected behavioral responses and,
hence, care should be taken when meaningful sounds are used as mood changers or safety enhancers.
With reduced plasticity, new response triggers may take longer than expected to be learned and
hence the designer may attempt to rely on common historical symbolic or nomic mapping of sounds.
As illustrated in the narrative review, dementia may take several forms some of which result in hefty
and very different responses to sound ranging from sound aversion to musicophilia. Together, with the
different meaning that could be given to sounds within the context of life long experience, this calls for
a personalized approach to soundscape design. Co-creation involving care givers and persons from
the direct surrounding (e.g., family) of the patient could be a beneficial in this respect. Technology
could help by providing suitable interfaces to sound databases as well as opportunities for feedback.
It is expected that an appropriate application of these ideas to the design of the living environment of
nursing homes for people with dementia could reduce the use of pharmaceuticals and improve the
working conditions for the staff in addition to improving the well-being of the residents.
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Abstract: Can the presence of green space in urban environments reduce the frequency of violent
crime? To ascertain the evidence on this topic, we conducted an in-depth literature review using the
PRISMA checklist. The search parameters included US articles written in English and published
since 2000. More than 30,000 potential paper titles were identified and ultimately, 45 papers were
selected for inclusion. Green spaces typically comprised tree cover, parks and ground cover. Criminal
behaviors typically included murder, assault, and theft. The majority of the research reviewed
involved quantitative methods (e.g., comparison of green space area to crime data). We extracted
multiple mechanisms from the literature that may account for the impact of green space on crime
including social interaction and recreation, community perception, biophilic stress reduction, climate
modulation, and spaces expressing territorial definition. Recommendations are made for future
research, such as meta-analysis of existing data and the development of grounded theory through
qualitative data-gathering methods. By providing evidence that access to nature has a mitigating
impact on violence in urban settings, city governments and communities are empowered to support
these interventions.

Keywords: violent crime; urban parks; greenspace; green space; scoping review; systematic review;
literature review

1. Introduction

In this literature review, we investigate whether the presence of nature in urban environments
reduce the frequency of violent crime. Research suggests that, in many circumstances, green space in
the form of trees, parks, and other natural areas, may have a mitigating impact. By providing evidence
that the presence of nature contributes to the reduction of violence in urban settings, city governments
and communities will be empowered to support these interventions.

The positive impact of nature and green space on human health and well-being has been
documented by over 100 studies [1–3], including several literature reviews and meta-analyses which
have examined the benefits of the nature connection [2,4–10]. Several researchers have begun to
explore the relationship between nature and urban crime, focusing on outcomes such as reduced
aggression and improved community cohesion [11–14]. Multiple new papers and dissertations have
been published in the last three years [15,16], and an expansive update is essential to setting future
research agenda.

IJERPH 2019, 16, 5119; doi:10.3390/ijerph16245119 www.mdpi.com/journal/ijerph21
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The following paper synthesizes the evidence of the impact of green space on violence by utilizing
methods from systematic and scoping reviews. We are both addressing a specific question and
describing the broader literature. A systematic review incorporates “appropriate” study designs
that are pre-identified and include a paper quality assessment, which the research in this paper also
undertakes [17]. A scoping review shares similar methods and aims, although the scoping review is
concerned with presenting the characteristics of existing literature on a topic, whereas a systematic
review aims to summarize the “best available research” on a topic [18].

Although violent crime in the United States has fallen since 1997 [19], Grinshteyn and Hemenway
found that in 2010, the US gun homicide rate was 25 times higher than the rate in other high-income
countries despite a similar rate of nonlethal crimes [20]. The study also reported that Americans are ten
times more likely to die by firearms compared with residents of other countries. While many of these
crimes are homicides, approximately 60% are suicides [21]. Additionally, there has been an increase
in mass shootings. In 1994–2004, the average annual rate of mass shootings was 1.12 shooting per
100 million, while in 2005–2013, the average annual rate was 1.41 shooting per 100 million [22].

1.1. Definitions

According to Pati and Lorusso [23], one of the major challenges in conducting a systematic
literature review is identifying the search terms. In this paper, the two primary categories were “green
space” and “violent crime.”

Greenspace. Green space is defined as “synonymous with nature” and “explicitly urban
vegetation” [24]. In reviewing a range of journals, the authors identified many related terms including
garden, ecological garden, urban forest, urban parks, urban habitat, greenery, greenbelt, green area,
green environments, green network, green infrastructure, natural environment, parkland, walkable
area, blue space, green patches, riparian greenspace, sky garden trees, urban farm, urban ecosystem,
water bodies, woodland, and vegetated areas. This study uncovered six definitions of green space in
the literature:

• Vegetation, ranging from sparsely landscaped streets to tree-lined walkways to playfields and
forest parks [25].

• Combined areas of open land, cropland, urban open land, pasture, forest, and woody perennial [26].
• Land use that has notable contributions to urban environments in terms of ecology, aesthetics,

or public health, but which basically serves human needs and uses [27].
• Areas with substantial green elements [28].
• Recreational or undeveloped land [29].
• Predominantly covered with vegetation [30].

Informed by this analysis, we defined green space using the broad description provided by the
US Environmental Protection Agency (EPA). According to the EPA, green space is “land that is partly
or completely covered with grass, trees, shrubs, or other vegetation . . . Green space includes parks,
community gardens, and cemeteries” [31].

Violent crime. The U.S. Department of Justice Federal Bureau of Investigation, in their Uniform
Crime Reporting (UCR) program, defines violent crime as “composed of four offenses: murder and
nonnegligent manslaughter, forcible rape, robbery, and aggravated assault. Violent crimes are defined
in the UCR Program as “those offenses which involve force or threat of force” [32].

1.2. Goals

We have three goals associated with this research. First, to assess through a literature review
where we stand with regard to studies that address the question: Can the presence of nature in urban
environments reduce violent crime? Second, to generate an agenda for future research based on the
gaps that are identified as part of this assessment. Lastly, to explore the mechanisms that might account
for the interaction between urban nature and violent crime.
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2. Materials and Methods

Using the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses)
checklist [33], the authors drafted a plan for the literature review. Those articles written in English,
published since 2000, and covering research in urban areas (not rural or suburban) within the United
States were eligible for inclusion. The independent variable had to include at least one type of green
space. At least one of the dependent variables had to be violent crime. No age, sex, socio-economic,
health, or gender limitations were placed on study participants. The focus of the search was on
original, primary peer-reviewed literature, although doctoral dissertations and master’s theses, white
papers, conference proceedings, and articles from organization websites were also eligible. Literature
reviews were excluded because they were not primary research. No meta-analysis was undertaken
because a range of research types (experimental, quasi-experimental, interventional, non-interventional,
qualitative, quantitative, case study, cross-sectional, and longitudinal studies) was eligible for inclusion.
Conflicting opinions about the relevance of a particular paper were resolved by a third, independent
reviewer. The independent reviewer was blind to who had made the evaluation and the motivations
for making the decisions, thus enhancing the validity of the evaluations.

2.1. Search Strategy and Database Selection

Databases were selected based on relevance and journal coverage. Subject area specific databases
were identified, and a broad interdisciplinary database (Scopus) was also searched. Initial searches
took place in December 2017 with updates to the searches run in July 2019. Using the EBSCOhost
research platform, a joint search was performed on PsycINFO, Academic Search Premier, and Greenfile.
Sociological Abstracts and ProQuest Dissertations and Theses–Global were searched jointly using
ProQuest. The results of the searches were de-duplicated using Zotero reference software and then
uploaded to Covidence (a systematic review platform), where another round of de-duplication took
place. One deviation from the protocol was that title screening for inclusion or exclusion took place
ahead of traditional abstract screening because of the large volume of results. Following initial blinded
title screening in Covidence, the authors switched to Rayyan, another systematic review platform,
for all subsequent screening. Full-text articles emerging from the screening process were evaluated by
the authors and eliminated at that stage if they did not meet inclusion criteria.

Search terms were drafted using keywords and terms from papers known to be relevant to the
review. Following testing in the chosen databases, the following terms were used in all searches,
though the syntax of the search was adapted per database requirements as necessary:

(urban OR cities OR city OR neighborhood OR communit * OR “public housing *”)
AND
(“green space *” OR green * OR greenspace OR park * OR natur * OR “landscape architecture *”

OR “city plan *” OR tree * OR “environment * design” OR ecosystem * OR environment * OR “urban
design” OR horticulture OR playground OR garden OR trail OR “urban forestry”)

AND
(crime * OR criminology OR violence OR rape * OR assault OR murder OR aggression OR firearm

* OR gun * OR “public safe *”)

2.2. Evaluation Process

Two researchers independently screened the titles and abstracts. A third researcher resolved
conflicting decisions. Once the final list of papers was established, they were reviewed by the same two
researchers to confirm that they were appropriate for inclusion. As previously, when the two paper
reviewers disagreed on their evaluation, a third reviewer broke the tie. Once the final list of papers
was determined, the three researchers entered summary information into a common spreadsheet,
which was later distilled into a literature matrix (see Appendix A).
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3. Results

3.1. PRISMA Summary

In January 2018 and July 2019, 31,414 records were identified via the database search (n = 21,704
in 2018 and n = 9710 in 2019). Excluding duplicates, 14,520 titles were ultimately screened. After
the subsequent title screening, 3798 abstracts remained as potentially relevant publications. After
the abstract review, 327 articles were selected for evaluation. Ultimately, 45 papers were selected for
inclusion in this study, representing a little over 1% of the original abstracts (see Figure 1).

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow chart.

3.2. Patterns in Study Topics and Methods

Green space independent variables fell into five main categories: (1) parks, (2) community gardens
and vacant lot remediation, (3) vegetated/tree-lined streets and walkways (including elevated trails),
(4) tree canopies and groundcover, and (5) undeveloped or partially developed areas such as ground
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sewer enhancements, croplands, wetlands, undeveloped nature environments and landscape diversity
endeavors (see Table 1).

Criminal behaviors typically addressed by researchers included homicide, assault (including rape),
and theft (burglary). Most studies involved both violent personal crime and non-violent property crime
(e.g., theft and vandalism). Several studies included disorderly crime, like narcotics use or distribution.

The majority of the 45 selected articles used quantitative methods. Quantitative studies tended to
use ArcGIS or other spatial-image analysis tools to assess the presence of parks, vacant lots, or tree
canopy. Most studies sought to correlate GIS/image data with jurisdictional crime data. Studies
involving tree cover were correlational because almost all employed GIS or image-related data instead of
interventions. A few studies predicted causality by employing before and after greening interventions
(e.g., greening blighted lots, installing an elevated trail).

Much of the literature we reviewed and decided to omit was anecdotal, although we were interested
in high-quality qualitative studies. Only a handful of studies used qualitative methods. Branas et al.,
Blair, and Garvin et al. employed a mixed-methods approach by combining quantitative crime analyses
with interviews or surveys to assess perceptions of crime and neighborhood disorder [34–36]. While
most studies included in the scope of this review used jurisdictional crime data, a few research teams
used survey measures to assess the risk of aggressive behavior or perceptions of crime and safety.

When considering the methodological challenges shared between these studies, homicide and
forcible rape were excluded from the analysis of violent crime in some studies (e.g., Wolfe and
Mennis [37]), as these incidents are relatively few. In the case of rape, the data is questionable for other
reasons; researchers noted that measuring the frequency of rape is misleading due to the low levels of
formal reporting [38].

3.3. Study Findings

For studies involving a large range of violent crimes, the most consistent results aligning nature
interventions and crime reduction were among studies involving vegetated streets and walkways.
As might be expected, the majority of all studies were correlational, and the quasi-experimental
studies involving greening interventions were typically limited to community gardens and site
greening interventions, likely due to the scale of these projects. Several notable exceptions include
the street/walkway improvements research described by Locke et al. [39] and the lot improvements
performed by Branas et al. in Philadelphia [11,34,40].

As indicated in Table 1, of the 26 studies addressing all violent crimes, 12 identified a negative
relationship between nature and crime (such that crime decreased as nature increased), while four
ran contrary to our expectation. Ten studies were deemed inconclusive by their respective authors,
as the results did not reach statistical significance or involved a number of confounds. With regard
to violent crime (not involving homicide or rape), four of the six relevant studies demonstrated
nature’s contribution to crime reduction. The single study specifically focused on homicide [41]
found reductions in homicide in parks, although the results regarding the impact of remediated sites
were inconclusive.

Studies that focused specifically on gun violence support the hypothesis that green space
reduces this violence [11,34,36,40,42–46]. Of the nine studies (two reported in a single publication by
Branas et al. [11]), six had the expected outcomes. Three of the 45 studies were from the same team of
researchers (Branas, Kondo, South) who investigated the potential link between green space and crime
through the cleaning and greening of vacant lots, primarily in Philadelphia, PA.

3.3.1. Parks

Ten studies addressed the relationship between parks and crime, though all of these studies were
correlational and did not study a specific intervention. Three studies found that the presence of parks
was associated with reductions in crime, two were inconclusive, and three demonstrated trends in the
opposite direction (Abu-Lughod [47], Kim and Hipp [48], and McCord and Houser [49]). Abu-Lughod
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found that violent crime increased as the number of city-owned parks increased while Kim and
Hipp and McCord and Houser suggest that areas near parks experienced higher levels of crime and
disorder. These findings may be explained by Jane Jacobs’ “eyes on the street” theory [50] and C. Ray
Jeffrey’s Crime Prevention through Environmental Design (CPTED) principles [51], such that an open
public place where strangers may be less easily identified by members of the community may create
opportunities for crime. McCord and Houser support this explanation, specifically addressing the
guardianship theory in their study.

Overall, regarding parks, there are insufficient studies to reflect on the impact on violent crime
(not homicide or rape), homicide only, and gun violence. None of the studies in these categories
involved interventions, possibly due to the construction cost of a large park intervention and the delays
in the development of landscape growth once a park was in place.

3.3.2. Community Gardens/Greening

A larger number of studies (n = 12) addressed community gardens and greening of lots. All of
these studies suggested that greening interventions or the presence of community gardens were related
to a reduction in crime. Included in this group is a series of pre-post studies by Branas et al. in which
researchers “cleaned and greened” a series of lots over several years in Philadelphia, PA, resulting in
decreased incidence of gun violence [11,34,40]. Heinze et al. [52], Kondo et al. [53], and Sadler et al. [54]
also reported similar results from vacant lot greening interventions. The overall positive effects of
blighted lot remediation (compared to the mixed results from parks) may also be attributed to CPTED
and defensible space theories, such that the removal of abandoned buildings and overgrown brush
reduces the amount of shelter and improves visual guardianship of an area.

Interventions (n = 7) were most common in this category, likely due to the lower fiscal and physical
challenges associated with creating community gardens and greening—they are easier to add to the
urban fabric. Branas et al. suggest that their interventions in Philadelphia were inexpensive, scalable,
and readily executed in low-income residential areas [11].

3.3.3. Vegetated Streets and Walkways

Although we found a limited number of studies on the impact of vegetated streets and walkways
(n = 6), all of them support the hypothesis that this type of green space influences crime. Four of the
six studies involving vegetated streets found decreases in crime, while crime remained unchanged
in the Auchincloss [55] and Locke [39] et al. studies. Auchincloss et al. suggest greenways require
associated comprehensive social interventions in order to be effective. Locke et al. raised concerns
surrounding the spillover effects, such as a reduction in crime around greened streets may simply
spread to perimeter areas. Indeed, Branas et al. echoed this concern in their blighted lot greening
studies [11]. Null findings may also be the result of poor operationalization of green space or selection
bias in the greening process such that community partners may have not been random in their choice
of streets on which to plant trees [39].

Included in the group are four quasi-experimental studies (Auchincloss et al. [55], Harris et al. [56],
Harris [57], and Crewe [58]). Quasi-experimental studies were particularly common in this category,
as most were pre–post studies examining the influence of a newly established greenway on crime
in surrounding areas, including Philadelphia’s 58th St Greenway (Auchincloss et al.), Chicago’s
Bloomingdale Trail (Harris et al.), and Boston’s Southwest Corridor (Crewe).

3.3.4. Trees and Ground Cover

The largest number of studies fell into the category of trees and ground cover (n = 14), perhaps
due to ease of analysis from readily available GIS data. Aerial GIS information can provide detailed
information on large-scale urban vegetation and may allow for examination over time due to the
natural growth of vegetation. As such, most studies were correlational—none of the studies involved
large-scale greening interventions, but they often involved substantially larger datasets than studies in
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the previous categories. Many papers reported results from geographic and crime data involving entire
cities, including Austin, Baltimore, Chicago, Milwaukee, New Haven, Philadelphia, and Portland.
Donahue used GIS tools to investigate tree cover in over 200 cities (and 59 individual communities
within one city) [59].

The majority of the papers described in this category reflect decreases in crime (n = 9), with four
others reporting inconclusive results. Of the inconclusive, two revealed nuances in the relationship
between urban green space and crime. In their investigation of population density and crime, Lim found
a significant moderating effect of vegetation on crime rates, such as high vegetation buffering the
influence of high density on violent crime, providing support for cognitive restoration theories [60].
Li also observed a moderated relationship, such as view-blocking vegetation being associated with more
violent crime but less property crime [61]. Just as Auchincloss et al. suggested, greenway interventions
must be accompanied by appropriate policy changes [55]. Donahue also provides evidence for the
importance of implementation plans accompanying urban tree cover interventions [59].

3.3.5. Undeveloped Green Areas (and Other)

Studies by Kondo et al. [45] and Sparks [62] did not demonstrate significant or conclusive
relationships. They were placed under this heading due to the uniqueness of the independent variables
that they measured. The Kondo study focused on green stormwater infrastructure and the Sparks
study focused on land use diversity such as wetlands, forested land, agricultural land, and barren land.
The inclusion of these studies highlight the methodological challenges and nuances associated with
green space studies, as the operationalization of greenspace can take many different forms.
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4. Discussion

4.1. State of the Research

Research on the impact of green space crime is limited. Among the prominent findings of this
hybrid review was that potentially confounding variables are rarely addressed in detail. This challenge
may be related to the lack of a mutually agreed upon grounded theory linking independent, covariate,
and depending variables. Relatedly, a prominent conclusion when reviewing the study findings is that,
with the exception of a few studies (e.g., Branas et al. [34]), there is insufficient work involving the
qualitative analysis that might support the development of a unifying grounded theory.

Future studies will have to emphasize the role of confounding variables or package their
independent variables using the concept of bundles, an approach borrowed from medicine, in which
a variety of variables are clustered to achieve greater efficiency [63]. In this approach, multiple
environmental attributes are thought to produce an outcome, although the impact of a single contributor
might not be clear.

In this context, we recommend a variety of future studies, including future research directions
recommended within the papers included in this literature review:

• Meta-analyses that aggregate data from multiple research projects, empirical and quasi-empirical.
• Studies that focus on the mechanisms that may be impacting behavioral responses [37,53,56,64–66].
• Intervention studies at multiple scales (from small green oases to extensive parks and greenways),

particularly those that involve longitudinal pre/post field experiments [11,48,49,55,67,68].
• More studies that exploit the benefits of the development of grounded theory and the gathering of

qualitative data, particularly survey and interviews [69].
• More studies that focus specifically on the most violent of crimes—gun violence [11].

4.2. Mediators Contributing to the Relationship Between Greenspace and Violent Crime

As mentioned in the previous section, one of our recommendations involves a more thorough
understanding of the mediating variables in the interest of determining causality. We assume that the
positive impact of green spaces on crime reduction is attributable to the co-presence of multiple factors
that can be divided into physical features (places for community interaction and places for exercise) and
qualities (biophilic support, territorial definition, community enfranchisement, and climate moderation;
see Figure 2). There are undoubtedly additional factors, but these clusters were most prevalent in the
literature and are discussed in the following section.
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4.2.1. Places for Community Interaction

Social ties. Outdoor gathering spaces provide the opportunity for interaction among neighborhood
members, which increases familiarity and mutual investment in well-being. In keeping with the theory
of collective efficacy, greened lots may promote social cohesion and, as a result, the interest in acting
for the common good, thereby normalizing healthy behavior in these spaces [70].

Kuo et al. [71] explored the issue of how individuals’ natural environments relate to their tendency
to establish neighborhood social ties. Their study focused on Chicago public housing units that had
direct access to common spaces with varying levels of vegetation. The researchers found a correlation
between resident perception of “greenness” and strong neighborhood social ties. In addition, Kuo et al.
found that “greenness” of common spaces was associated with perceived neighborhood safety.

With specific regard to children and adolescents, readily visible outdoor recreational spaces
provide the opportunity for youth activities and potentially deter gang violence. Researchers have
found that the presence of recreational amenities geared toward youth reduces the frequency of
criminal activities in this age group [72]. Similarly, playgrounds can provide the opportunity for
children to learn social and developmental skills [73], which may help them function more effectively
in groups, and ancillary parent interaction has the potential for community adhesion through shared
childcare activities.

4.2.2. Places for Exercise

Improved physical health. Parks provide the opportunity for exercise, which may enhance mental
acuity [74] and reduce obesity [75]. Improved cognitive skills and health may enhance judgment. Lack
of safety, however, may inhibit physical activity and is associated with fear of violence, presence of
concerning behaviors, lack of maintenance and good lighting, and the presence of traffic [76]. Han et al.
note that gun crimes are associated with long-term negative impacts on health due to reduced use of
parks, in addition to the short-term impacts on public safety [77].

Improved mental health. Urban life may be a source of high stress levels [78], and stress and
depression are related [79]. The associated mental illness may result in violent behavior. However,
exercise is known to produce serotonin and as a result, act as a stress reducer [80]. Parks and other
green spaces provide the opportunity for physical activity, including walking, jogging, and playing
sports, and, therefore, may contribute to improved mental health.

4.2.3. Biophilic-Related Support

Stress reduction. Nature, in and of itself, may have a calming impact on human psychological and
emotional state and cognitive functioning. Higher cortisol levels have been reported in urban areas
with a higher percentage of green space [81].

Perceived quality of life. The presence of parks may increase the perceived quality of life [82],
particularly as quality of life concerns the provision of perceived choice and control. Reduced lack of
choice and control may mitigate the need to strike out against society and engage in violent activities.

Restoration and resilience. Kaplan [83] and others have demonstrated the impact of experience in
nature on mental restoration. The resulting ability to make healthier and more productive decisions may
be improved by interactions with nature. These interactions may also result in greater resilience [84].

4.2.4. Clearly Defined Territory

Ownership legibility. Clearly defined territories lead to less ambiguity of ownership. Replacement
of underdeveloped sites with green spaces is a way to establish territorial markers. The simple act of
replacing a run-down, unsupervised lot with a community-developed green space may force sites that
previously afforded unhealthy activities to relocated or diminish. The lack of “intrinsic ownership”
blurs accountability for maintenance and guardianship [85].
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Perceived order. Wilson and Kellings’ (1982) theory of “broken windows” suggests that minor
cases of disorder create a foundation for more serious crime [86]. This disorder might express itself in
the form of visual chaos (garbage, graffiti, abandoned cars) [87]. Several studies associate perceived
disorder to physical decline, depression, psychological distress, and perceived powerlessness (e.g., Geis
and Ross [88]). The implication is that residents see disorder as an indication of a more problematic
neighborhood condition with the potential of compromising health [87]. (The socially controversial
underside of this approach is linked to philosophies of crime control that recommend the aggressive
arrest of individuals for minor infractions.) At the same time, there is considerable concern around
gentrification. Upgrades should be supported and developed by the community and in keeping with
local cultural aesthetics [11].

4.2.5. Community Cohesion

Community enfranchisement. Design researchers have known for many years that the participation of
users (community members and clients) in the development of guidelines for the physical environment
results in greater acceptance of the space and higher levels of maintenance. User participation has been
noted for its particular effectiveness in urban settings [89] and provides opportunities for community
members to coalesce around common goals. Community cohesion is a primary predictor of reductions
in violent crime [90].

Civic pride. Another factor that may contribute to crime reduction is the impact of presence of
parks on civic pride [91]; communities that are provided green space amenities may interpret this
intervention as an act of respect and collaboration from civic governments. With regard to the duration
of exposure, the impact is likely to occur even after short daily interactions with nature [92]. Quality
parks may help motivate community members to protect and care for these spaces and reduce the
need to erode the physical quality of these facilities as an expression of frustration.

4.2.6. Climate Modulation

Reduced aggression. Among the many ecological benefits of trees and other green features is the
reduction of the heat island effect [93]. At the same time, researchers have provided evidence that
aggression increases in higher ambient temperatures up to certain levels (i.e., 90 degrees Fahrenheit) [94].
The heat-reducing impact of green space, therefore, may result in reduced crime.

4.3. Limitations

The initial literature search yielded a substantial number of results (14,520 titles reviewed) due to
the nature of the language used in the search. Keywords like “green” and “environment” are used
broadly outside of the focus topic. To ensure an inclusive set of studies, the researchers relied on
manual weeding (title reviews), potentially introducing researcher bias. This will likely continue to be
a significant challenge for other researchers seeking to find articles on the topic of violence and green
space within such a large collection of literature.

While the search was comprehensive, it was limited to articles written in English and research that
took place in the United States. However, corroborating results have been found in other countries,
such as Australia and the United Kingdom [92,95]. The researchers were also challenged by the
differing definitions of green space and lack of common methods for calibrating green content. We were
also unable to incorporate unreported or in-progress studies.

Discerning the impact of confounding variables posed another challenge, particularly in
considering the role of maintenance. Beyond the green features of a space, the design and maintenance
of a space can also influence its use and perceptions of safety [96]. The presence of green space has the
potential to reduce urban crime, but these findings may be substantially moderated by good design
and consistent maintenance.
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5. Conclusions

Based on the 45 quantitative and qualitative papers summarized here, we can deduce that the
presence of parks and other green space reduces urban crime. In the process of our review, we extracted
multiple mechanisms from the literature that may account for the impact of green space on crime,
including social interaction and recreation, community perception, biophilic stress reduction, climate
modulation, and spaces expressing territorial definition. Among the recommendations for future
research are a meta-analysis of existing data and the development of grounded theory through
qualitative data-gathering methods.

There are several strategies for reducing crime in the U.S. [97], and the provision of green space is
one of them. Good public spaces support desirable behaviors and inappropriate public spaces provide
the opportunity for increases in criminal behavior, which can be economically costly to society [11,98].
Additionally, safe, accessible green spaces enhance physiological and psychological human health and
well-being [99–101]. By providing evidence that access to nature has a mitigating impact on violence
in urban settings, city governments and communities are empowered to support these interventions.
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Appendix A

Table A1. Literature Review Summary Table.

Paper Study Location; Time Sample Size; Units
Predictor: Type of

Green
Outcome: Type of

Crime

Abu-Lughod
(2006) [47]

Highest populated cities
in US; 2000 n/a P H, A, T

Auchincloss et al.
(2019) [55]

Philadelphia, PA;
2009–2014 n/a V H, A, T

Blair (2014) [35] Cincinnati, OH;
1997–2011 5 gardens G H, A, T

Blair et al. (2017)
[64]

Cincinnati, OH;
2013–2014

12 parks and playgrounds;
10 gardens P, G H, A, T

Boessen & Hipp
(2018) [67] Nine US cities; n.d. 109,808 blocks P H, A, T

Branas et al.
(2011) [40]

Philadelphia, PA;
1999–2008 4436 city lots G A, T *

Branas et al.
(2016) [11]

Philadelphia, PA;
1999–2008 676 buildings G A *

Branas et al.
(2018) [34]

Philadelphia, PA;
2011–2013 541 vacant lots G A, T *

Brown (2018)
[102]

Philadelphia, PA and
Detroit, MI; 2011–2015 384 and 297 crimes P H, A, T

Burley (2018) [65] Portland, OR; 2011–2015 93 neighborhoods V H, A, T

Crewe (2001) [58] Boston, MA; 1996-1998 2 neighborhoods V A, T

Culyba et al.
(2016) [41]

Philadelphia, PA;
2008–2014 143 crimes P, G H

DeMotto &
Davies (2006) [42] Kansas City, KS; 2002 40 parks P H, A *
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Table A1. Cont.

Paper Study Location; Time Sample Size; Units
Predictor: Type of

Green
Outcome: Type of

Crime

Deng (2015) [68] Milwaukee, WI;
2005–2010 1 city T A, T

Donahue (2011)
[59]

New York, NY;
2001–2008

59 NYC communities (and
200+ other cities) T H, A, T

Donovan &
Prestemon (2012)

[103]
Portland, OR; 2005–2007 2813 households T A, T

Garvin et al.
(2013) [36] Philadelphia, PA; 2011 21 lots G A, T *

Gilstad-Hayden
et al. (2015) [104]

New Haven, CT;
2008–2012 106 census tracts T H, A, T

Gorham et al.
(2009) [69] Houston, TX; 2005 11 community gardens G T

Harris, Larson, &
Ogletree (2018-B)

[56]
Chicago, IL; 2011-2015 138 (Study 1) and 62

(Study 2) census tracts V H, A, T

Harris (2018) [57] Chicago, IL; 2011–2015 (see above) V H, A, T

Heinze et al.
(2018) [52] Flint, MI; 2009–2013 216 treated lots G H, A, T

Kim & Hipp
(2018) [48] Southern CA; 2010 218 cities P A, T

Kondo et al.
(2015) [45]

Philadelphia, PA;
2000–2012 238 census tracts U H, A, T *

Kondo et al.
(2016) [53]

Youngstown, OH;
2010–2014 5126 crimes G H, A, T

Kondo et al.
(2017-A) [105]

Cincinnati, OH;
2005–2014 307 blocks T H, A, T

Kondo et al.
(2017-B) [46]

Philadelphia, PA;
2008–2011

309 (Study 1) 135 (Study 2)
individual victims T A *

Kuo & Sullivan
(2001) [12] Chicago, IL; n.d. 98 apartment buildings T H, A, T

Lee (2013) [106] Chicago, IL; 2010 150 parks P H, A, T

Li (2008) [61] Oakland, CA; 2006–2007 234 neighborhoods T H, A, T

Lim (2005) [60] Dallas, TX; n.d. 1683 blocks T H, A, T

Locke et al. (2017)
[39]

New Haven, CT;
1996–2007 1193 blocks V H, A, T

Luke (2013) [107] Cleveland, OH; 2012
105 gardeners; 92
non-gardeners; 3

community gardens
G Safety; sense of

community

McCord &
Houser (2017)

[49]

Philadelphia, PA and
Louisville, KY; 2005–2010 307 parks P H, A, T

Nitkowski (2017)
[108]

Milwaukee, WI;
2013–2015 210 census tracts P H, A, T

Sadler et al.
(2017) [54] Flint, MI; 2005–2014 1800 lots G H, A, T

Schusler et al.
(2018) [66] Chicago, IL; 2009–2013 801 census tracts T H, A, T

Seymour et al.
(2010) [109] Los Angeles, CA; 2007 39 individuals G

Utilitarian
relationships with

green alleys

Snelgrove et al.
(2004) [110] Austin, TX; 1995 1170 crimes T H, A, T
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Table A1. Cont.

Paper Study Location; Time Sample Size; Units
Predictor: Type of

Green
Outcome: Type of

Crime

Sparks (2011) [62] San Antonio, TX;
2003–2006 235 census tracts U H, A

Stodolska et al.
(2011) [111] Chicago, IL; 2007 26 crimes P Benefits, concerns

of parks

Troy et al. (2012)
[43]

Baltimore, MD;
2007–2010 1208 census tracts T H, T *

Troy et al. (2016)
[44] Baltimore, MD; 2007 999 households T H, A, T *

Wilcox et al.
(2003) [112] Seattle, WA; 1989–1990 100 census tracts G

Impact of parks
and playgrounds

on crime
perceptions

Wolfe & Mennis
(2012) [37] Philadelphia, PA; 2005 363 census tracts T A, T

TYPE OF GREEN: P Parks (larger than community or neighborhood), G Community greening (alleys, urban gardens,
small green space, greening vacant lots), V Vegetated streets and walkways (elevated trails and street tree planting),
T Trees and ground cover (grass, tree upgrades), U Less developed green areas (stormwater upgrades, croplands,
wetlands, natural spaces, diverse landscaping); TYPE OF CRIME: H Homicide—General, A Assault, Sexual Assault,
T Theft, Robbery, Burglary, * Specifies gun crimes.
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Abstract: Previous research has mainly dealt with the physiological and psychological restorative
effects of the forest environment. However, comparatively few studies have focused on how the traits
and attributes of individuals (individual traits) affect the restorative effects of the forest environment.
In this study, we examined the relationships between the psychological restorative effects offered by
perceived restorativeness of outdoor settings and the individual traits. Then, we investigated the
relationships between the restorative indicators that are useful in examining the restorative properties
(i.e., the Perceived Restorativeness Scale (PRS); seven indicators in total), the psychological restorative
effect (Profile of Mood States (POMS), Restorative Outcome Scale (ROS), positive and negative affect
schedule (PANAS), and Subjective Vitality Scale (SVS); 10 indicators in total), and the individual
trait indicators that could be used to investigate individual traits (Development of Health and Life
Habit Inventory for lifestyle, Lazarus-type Stress Coping Inventory for stress coping, World Health
Organization Quality of Life Assessment 26 for quality of life (QOL), and Sukemune-Hiew Resilience
test for resilience; 28 indicators in total) in forest and urban settings. Respondents consisted of 46
male students in their twenties. A short-term experiment was conducted using the same method in
both environmental settings. We then analyzed the intrinsic restorative properties and the restorative
effects of the settings and referred to prior research to determine the restorative effects. Furthermore,
we analyzed the relationship between the restorative indicators and the individual trait indicators by
correlation analysis and multiple regression (step-wise) analysis. These new findings were obtained:
(1) the forest setting was a restorative environment with a higher restorative effect than the urban
setting; (2) although the forest setting had a higher restorative effect than the urban setting, and the
influence of individual traits was small; (3) in the forest setting, the relationship between the restorative
indicators and individual traits indicators were arranged; (4) distancing (Stress coping), psychological
health (QOL), and satisfaction with living environment (QOL) were likely important indicators that
are related to the restorative effects in the forest setting.

Keywords: lifestyle; mood states; perceived restorativeness scale; positive and negative affect
schedule; quality of life; resilience; restorative outcome scale; Shinrin-yoku; stress coping; subjective
vitality scale

1. Introduction

With urban life in the modern world, people experience many stressors, which increasingly drive
them to seek some form of stress reduction. In the recently urbanized environments and societies,
chronic and intense stress, and a deficiency in restoration from stress are well recognized as increasing
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problems that have long-term negative effects on health [1–3]. Poor stress management is related to
psychological issues, such as depression, panic disorder, and burnout syndrome; as well as physical
problems, such as neurological, cardiovascular, immunological, and gastroenterological diseases [4,5].

Due to the social problems caused by urban stress, there is an increasing focus on the potentially
restorative effects of the natural environment. Lots of evidence on the positive effect of the natural
environment on health and happiness has already been published. As a principle, the physiologist
Miyazaki advocated using Miyazaki’s Nature Therapy Theory to improve health, which was based
on an evolutionary anthropological perspective [6]. For example, many studies have considered the
physiological effects. One such study compared the physiological effects of walking in and viewing a
forest versus a control (i.e., mainly urban) area. It showed that physiological parameters, such as the
pulse rate and diastolic blood pressure, were lower for the forest than the urban [7]. Some other studies
contributed by having walking and viewing in reverse order [8–10]. Haluza et al. [11] investigated the
restorative effect of the physical environment. According to the authors, numerous works concluded
that the natural environment is better at reducing stress than the urban environments (where most
people live their daily lives) by promoting physical well-being (i.e., lower blood pressure, lower muscle
tension, higher skin conductance, higher brain activity, etc. [12–17]). Kühn et al. [18] investigated
the associations between geographical properties and brain functioning in terms of brain activity.
They found that living near a forest was associated with a healthier amygdala, and suggested that
people who lived near the forest would be happier than those who lived away from it.

The Attention Restoration Theory (ART) proposed by Kaplan and Kaplan (1989) [19] help elucidate
why natural and forest environments are beneficial to psychological health. Roe and Aspinall [20]
examined the psychological recovery effect on psychiatric patients and reported that taking walks in a
rural area benefited the affective restoration and cognitive restoration, particularly for people with
poor mental health. In addition, some studies on environmental designs made use of these beneficial
effects. Ulrich [21] suggested that in hospitals, surgical patients assigned to rooms with windows
facing natural scenery (including trees) had shorter post-operative hospital stays, had fewer negative
comments from the nurses, and required fewer potent analgesics than those assigned to similar rooms
but with windows facing a brick wall. Besides, Velarde et al. [22] indicated that natural environments,
including urban parks and several types of forests, were strongly associated with higher energy levels
and had other positive health effects in contrast to the urban environment. Recently, some studies
reported that the Multiple Mood Scale-Short Form (MMS) scores were higher for friendliness and
well-being on days spent walking in the forest compared with the control days. This was especially true
among individuals who felt chronic mental stress [23,24]. The MMS score for depression and State-Trait
Anxiety Inventory (STAI) [25] score were also lower on the forest days [26]. The psychological responses
were also measured by the profile of mood states (POMS) [7,9,27], Zuckerman inventory of personal
reactions (ZIPPERS) [28], restorative outcome scales (ROS) [29–31], subjective vitality scale (SVS) [32],
and positive and negative affect schedule (PANAS) [33,34]. All indicators showed that the forest setting
has more positive psychological restorative effects than the urban setting.

It has been previously mentioned that there may be influences from inter-individual differences on
the restorative effect of forest bathing. For example, using on-site experiments, Koyama et al. [35] found
that even where users experienced the same forest environment, there were individual differences
in how they experienced the environment and the restorative effect obtained. There is a possibility
that the health-restoring effects of the forest do not equally benefit all users. This has not yet been
explored in specific details; however, Takayama et al. [36] indicated that individual trait differences
can act as filters when interpreting the forest setting. The differences were first generated from how
the user selects the primary stimulus (e.g., visual) from the forest setting, then also in the quality
and degree of the restorative effects obtained from the time spent in the forest. Previous studies
that investigated the effects of individual traits on the restorative effects of forests only considered
values on personality [36–38], self-efficacy [36,37,39], living environment [36,37], preference and
experience [36,37]. Because the factors that people find to be healing differs among individuals, and
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how the mind and body are restored is a very personal phenomenon. As a result, the possibility that
individual traits can influence the restorative effects could not be ruled out. Also, Kaltenborn et al. [40]
mentioned that it is necessary to design environments with consideration for the diversity of individuals
and specific groups (e.g., culture and/or preference, and so on).

We also agree that it is desirable to provide the most effective choice in consideration of the
user’s traits, even in future studies aiming to further demonstrate the health and recreational benefits
of the forest environment. Therefore, in this study, to clarify whether individual traits affect the
restorative effects of the forest setting and to elucidate which indicators of individual traits affect the
restorative effects, we attempt to identify the properties of the forest setting that are considered to
have high restorative effects using prior research. Then, we also discuss the relationships between the
representative individual traits and the restorative effects of the forest setting.

2. Materials and Methods

2.1. Research Sites

The experiments were carried out in four municipalities. The characteristics of each municipality,
forest, and urban sites are presented in Table 1. Four forest sites and four urban sites were selected.
The urban sites were located near the forest sites. Specific details on the locations of the sites are
presented in Figure 1. The urban setting was used as control. The sites were chosen from the area
where the respondents reside, as the area should be familiar to the respondents. Our method of site
selection for the urban setting was commonly used in other similar studies [7–10,17,41–43]. Using this
site selection method should make our results comparable with those of prior studies. The forested
sites of Kamiichi (A) and Yoshino (B) are artificial plantations consisting mainly of coniferous trees
(i.e., Japanese cedar). Akiota (C) and Oita (D) consist of deciduous forests (i.e., Japanese oak, Sawtooth
oak, and others). These forest areas were well-managed, had high levels of lighting, and were relatively
flat. The urban sites were located mainly around the downtown major traffic routes, or near the
main train station in each municipality. The total experimental period, average number and age
of respondents, average temperature and humidity values, and weather conditions throughout the
experiment in each site of the four municipalities are presented in Table 2.

Table 1. Summary of the locations of the four municipalities in this study.

Symbol A B C D

Municipality Toyama Prefecture Nara Prefecture Hiroshima Prefecture Oita Prefecture
Kamiichi Town Yoshino Town Akiota Town Oita city

Forest Site Temple Pillar Approach
in Tateyama Mountain

Trailhead at
Yoshino Mountain

West Trail in
Shin’nyuzan

Forest Road in Oita
Prefectural Forest

Urban Site
(Control) Road before City Center

Road before
Kintetsu
Department Store

Road before Hiroshima
Prefectural Government
Building

Road before Oita
Bank, Ltd.

Table 2. Summaryof thenumberofrespondentsandweatherconditionsat thefourstudymunicipalities (A–D).

Symbol Experimental Period
Number of

Respondents
Age of

Respondents
Weather

Forest/Control

Temperature (°C)
Forest/Control

(Average ± S.D.)

Humidity (%)
Forest/Control

(Average ± S.D.)

A September 6–7, 2011 11 21.4 ± 1.3 Fine/Fine 25.2 ± 1.49/27.5 ± 0.89 52.0 ± 8.46/41.5 ± 2.83

B August 3–4, 2011 12 21.2 ± 0.8 Fine/Fine 28.4 ± 2.42/34.5 ± 2.80 64.9 ± 12.9/42.6 ± 8.46

C August 8–9, 2011 12 20.8 ± 1.5 Fine/Fine 26.6 ± 1.29/34.6 ± 1.44 78.0 ± 6.72/56.6 ± 4.26

D September 13–14, 2011 11 21.1 ± 1.4 Fine/Fine 28.0 ± 1.80/31.8 ± 0.88 63.2 ± 7.09/59.1 ± 2.52

Temperature and humidity were measured every 10 minutes from 9:00 to 16:00 during the experimental period.
There were a total of 42 measurements for each parameter.
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Figure 1. Location of the four study municipalities in Japan (A–D).

2.2. Respondents

We controlled for the variation between respondents to avoid the influence of differences in
attributes, such as age or gender, by selecting 46 young male undergraduate and graduate university
students as respondents (Table 2). We asked the municipalities’ staff at each research site to recruit
respondents from the universities nearby. The respondents were not familiar with the study and the
underlying theory, as they belonged to a variety of other faculties. By excluding students from the
related academic field (e.g., environmental management), academic field-specific bias was avoided.
The students were hired by the authors as a research subject over the experimental period. None of
the respondents had reported any history of physical or psychiatric disorders. The experiments were
conducted in accordance with the Declaration of Helsinki. The research protocol was approved by
the Ethics Committee of the Forestry and Forest Products Research Institute in Japan (22FFPRI-1884).
All respondents were fully informed of the aims and procedures of this experiment. Their informed
consent was obtained prior to the experiment.

2.3. Experimental Schedule

The experiment was conducted over a period of 2 days. The respondents were gathered at a
meeting point on the morning of the first day. They were then taken to the meeting room for an
orientation where they received an explanation of the experimental procedures. They were required to
sign a consent form. After the orientation, the respondents were randomly divided into two groups,
each with five to six respondents. On the first day, the respondents in one of the groups were taken to
the forest sites, while the respondents in another group were taken to the urban sites. On the second
day, the same respondents were taken to the other opposite setting (i.e., forest group into the urban
site, and vice versa) to avoid order bias. In a waiting room, we administered four questionnaires, α,
β, γ, and δ (Figure 2). These were prepared for each site to investigate the respondents’ individual
traits (first day only). After which, we requested answers to the four questionnaires (1 to 4; both days)
to investigate the baseline before spending time in each setting. After submitting the questionnaires,
the respondents were instructed to leave the waiting room and walk a course independently for about
15 minutes for each setting (i.e., walking). Upon returning to the waiting room, they were given a
short break and were instructed to sit alone on a chair placed in a representative location within each
setting for 15 minutes (i.e., viewing). After viewing, to investigate the restorative effect and restorative
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properties of each setting, we sat the respondents down and again asked them to complete the same
questionnaire (1 to 4), plus questionnaire 5.

 
Figure 2. Experimental protocol of the study.

2.4. Measurement

In this study, we tested the hypothesis that the traits of each individual had an influence on
the restorative effects received from both settings. As a part of investigating the restorative effects
of the forest and the urban setting, it is also important to investigate the restorative properties via
the perception of the respondents. Thus, we compared the perception of the respondents with the
results obtained from the restorative properties. We measured the data based on three categories:
the restorative property of environment (i.e., restorative properties), the restorative effect from the
environment (i.e., restorative effects), and the personality traits (i.e., individual traits).

2.4.1. Measurement and Comparison of the Restorative Properties

We used the Perceived Restorativeness Scale (PRS) and requested all respondents to complete the
questionnaire to investigate the restorative properties of the forest and urban settings. The PRS was
developed by Hartig [44] and was modified based on Kaplan and Kaplan’s ART [19]. The Japanese
version of the PRS was directly translated by Shibata et al. [45]. It is comprised of 26 items measured
based on 11-point Likert scales (Table 3). The theory by Kaplan et al. [19] has four elements of
restorative properties: “Being away,” ”Fascination,” ”Extent,” and ”Compatibility.” However, the PRS
consists of seven elements including the different from ART’s elements. In particular, the “Extent”
element was further divided into "Coherence” and "Scope” elements. The PRS additionally measures
"Familiarity” and "Preference.” The extent to which a particular environment restores mental alertness
can be measured by including the elements “Being away,” “Fascination,” “Coherence,” “Scope,”
“Compatibility,” “Familiarity,” and “Preference.”
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2.4.2. Measurement and Comparison of the Restorative Effects

The POMS is a well-established, analytically-derived factor-based measure of psychological
distress. Its validity and reliability are well documented [46]. We used the Japanese version of POMS
(covering 65 queries) [47] and its raw data for statistical analysis. The PANAS [33,34] measures the
positive and the negative affect through the use of 20 items (10 each for positive and negative affect).
We used the Japanese version of the PANAS (covering 16 items; 8 of positive and negative affect
each) [48]. The ROS can be used to investigate the restorative emotional and cognitive outcomes in a
given environment using the six items. The ROS is based on previous measurements and findings
regarding restorative outcomes [29–31]. We used the Japanese version of the ROS (covering all six
items) [49]. There are currently two versions of the SVS. One of the versions assesses the enduring traits
of individuals. The scale is positively related to self-actualization and self-esteem and is negatively
related to depression and anxiety. The other version assesses the state of subjective vitality rather
than the enduring aspect. The versions have four items in common and seven items that are different.
The reliability and validity of the SVS were confirmed in previous studies [32,50]. In this experiment,
we used the four common items to generate a Japanese version of the SVS questionnaire [51]. These four
questionnaires have already been used previously in Takayama et al. [41] and Bielinis et al. [42]; therefore,
the psychological restorative effect is verifiable from a composite viewpoint (Table 3).

2.4.3. Measurement and Comparison of Individual Traits

In some cases, it was difficult to distinguish between traits and attributes from the indicators
of the individual traits consisting of the four items. Here it was not critical to distinguish between
these in a strict sense; therefore, we interpreted the meanings of the individual traits more broadly.
Even if the original meaning of the term contained elements of the attribute, we defined the term in
relation to the individual traits. Our investigation focused on four major psychological aspects: health
and lifestyle habits, quality of life, stress coping, and resilience (Table 3). The usefulness of the four
aspects was outlined by Li et al. [13,43], who discussed the potential differences in the effects of forest
bathing depending on the lifestyle habits of individuals. Takayama et al. [52,53] also investigated
the effects of forest bathing on Quality of Life (QOL) [52], resilience, and stress coping [53]. We then
referred these to the individual traits considered important. To assess the health and lifestyle habits,
we used the Japanese version of the DIHAL.2 (Development of Health and Life Habit Inventory)
that was developed by Tokunaga [54]. The questionnaire was developed to diagnose problems in
health and lifestyles and to provide a reference point for health guidance. It comprises each of the five
indicators: health, exercise, meal, rest, and lifestyle habits. QOL indicates the quality of the activities in
a person’s life and the quality of life from the perspective of society. It is based on observing how a
person can live and be independent, or find happiness. In the present study, the Japanese version of
the WHOQOL 26 (World Health Organization Quality of Life Assessment 26) [55] was used to assess
the QOL of the respondents. WHOQOL 26 uses five indicators: physical health, psychological health,
social relationships, the quality of an environment, and the result of a comprehensive evaluation
(Total). Stress coping refers to the process of perceiving stress and adapting to it [56]. To investigate
the respondents’ stress coping abilities, we used the Lazarus-type stress coping inventory (SCI)
questionnaire. The SCI measures the respondents’ stress coping abilities using 10 indicators [57]. The
test can allocate two strategies and eight approach types. In contrast to stress coping, resilience refers to
an individual’s ability to adapt one’s life activities in the wake of a disadvantageous environment, which
could involve family, relationships, health problems, and social risk advantage in the workplace [58].
The Sukemune-Hiew Resilience test (SHR) was used to investigate resilience. The SHR includes the
eight indicators allocated to Part 1 and Part 2 of the questionnaire. In Part 1, the questionnaire measures
resilience using four factors. Part 2 is concerned with the extrinsic-oriented attitude (represented
by action) and the intrinsic-oriented attitude (represented by thinking). We can investigate the four
patterns: I: Active (extrinsic)–Active (intrinsic), II: Passive (extrinsic)–Active (intrinsic), III: Active
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(extrinsic)–Passive (intrinsic), and IV: Passive (extrinsic)–Passive (intrinsic), which are divided into
active and passive combinations [59].

2.5. Analysis

After categorizing the survey results of the PRS, we compared the restorative effects between the
forest and urban settings for each of the seven indicators mentioned above. We used paired t-test
and Bonferroni’s correction to avoid Type-I errors (Table 4). The results for individual traits for each
indicator were tabulated (Table 5). To compare the restorative effects, we reorganized the part of
data used in Takayama et al. [41] and used a paired t-test for each indicator. We compared the scores
obtained from each setting before and after staying (Table 6), and the scores from before and after time
spent in each setting (Table 7). Subsequently, to investigate the basic trends in the relationship between
restorative effects and individual traits, correlation analysis was performed in each of the urban and
forest settings. Although correlation analysis could occasionally reveal that the relationship was not
only potentially influenced by other factors (possibility of multiple collinearities) but also consisted
of type-I; error (statistical reliability), the authors considered it an effective method for grasping the
general relationship between the two factors, while acknowledging its limitations. Correlation analyses
(uncorrelated tests) were performed for all indicators of individual traits and the restorative effects
of each environmental setting to elucidate the overall trends (Tables 8 and 9). Also, to eliminate
the influence of other factors as much as possible and to investigate which restorative effects and
individual traits were strongly related, we referred to prior research and investigated an effective
method for exploring the relationships among multiple factors [60,61]. Therefore, to investigate the
relationship from a different perspective using correlation analysis, we attempted to use multiple
regression analysis (step-wise, forward selection) with indicators of restorative effects as dependent
variables and indicators of individual traits as independent variables (Table 10). The statistical analyses
were carried out in IBM SPSS Statistics 25 (IBM).

Table 4. Results from the comparison of the restorative properties between the forest and control sites
(n = 46).

Setting Being away Fascination Coherence Scope Compatibility Familiarity Preference

Ave. Forest 34.5 32 22.4 27.5 28.2 3.4 10.9

Urban (Control) 20.8 27.1 21.2 18.8 23.5 5.4 7.7

S.D. Forest 12.5 9.8 7 9.2 8 2.9 4.7

Urban (Control) 13.6 10.3 8.7 8.6 6.6 2.7 4.1

p value 0.000 0.033 0.101 0.000 0.003 0.001 0.001

Significance ** - - ** * ** **

effect size: r 0.568 0.335 0.204 0.610 0.441 0.487 0.519

statistical
power: β 0.975 0.910 0.148 0.993 0.922 0.853 0.952

Ave. = Average; S.D. = Standard Deviation; p values from paired t-test (After applying Bonferroni’s correction).
Paired t-test significance levels: ** p < 0.00143, * p < 0.00714, - p > 0.00714.
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3. Results

3.1. Comparison of Restorative Properties between Forest and Urban Sites

In the comparison between forest and urban sites using the PRS score, significant differences
were found in all indicators except for “Fascination” and “Coherence.” “Being away,” “Scope,”
“Compatibility” and “Preference” were significantly higher in the forest sites, and only "Familiarity"
was significantly higher in the urban sites. As for “Fascination” and “Coherence,” there was little
difference in the scores among the two different sites and no significant difference between the two
sites could be confirmed (Table 4).

3.2. Restorative Effects and Individual Traits

Table 5 summarizes the average values and the standard deviations of the 28 indicators used as
measures of individual traits. The results of the restorative effect between the forest and urban site are
shown in Table 6. Before spending time in the respective settings, there were no significant differences
among sites in any of the restorative effect indicators in terms of the participants’ psychological state.
In contrast, after spending time in the respective settings, there were significant differences among
sites for “T-A, ” “V, ” “F, ” “C” (POMS), “Negative affect” (PANAS), “ROS” and “SVS.” A positive
psychological restorative effect was observed across sites for the forest setting.

Table 7 shows the results from the psychological measurements before and after staying at each
site. In the forest site, “T-A” decreased significantly after staying. In contrast, “SVS” increased after
staying. Meanwhile, “SVS” decreased significantly in the urban site, and “T-A” (POMS), “Negative
affect,” and “Positive affect” increased significantly. Therefore, the results from the forest and urban
setting were very different.

3.3. The Relationship between Individual Traits and Restorative Effects

3.3.1. Correlation Analysis

To investigate the overall trend of the relationship between the restorative effects and individual
traits for each environmental setting, correlation analyses were performed for all indicators (Tables 8
and 9). The restorative effect index consisted of 10 indicators. Net values were obtained by subtracting
the restorative effect obtained before from the values obtained after spending time in the site.
The individual traits index, which consists of 28 indicators, was used as the individual traits indicator.
In the forest setting, 7 out of 280 correlations were significant (Table 8). In the urban setting, 17 of 280
correlations were significant (Table 9).

3.3.2. Multiple Regression Analysis (Step-Wise)

We conducted multiple regression analyses (step-wise, forward selection) to investigate further
how the indicators of individual traits influenced the restorative effect. In the forest setting, there were
significant relationships in 5 out of 280 cases. On the other hand, in the urban setting 12 out of 280
relationships were significant. Table 10 presents the results from multiple regression analysis and
provides information on the direction of the relationships.

4. Discussion

4.1. The Restorative Properties of Environmental Settings and Restorative Effects

We assessed the restorative properties of the forest and urban settings and the psychological
restorative effects. First, the scores related to daily life, Being away, Scope and Compatibility were
statistically higher in the forest setting than in the urban setting (Table 4). This result implies that
the forest setting has higher restorative properties than the urban setting. The ART of Kaplan and
Kaplan [19] indicates that an environment has four functions that can exert beneficial restorative
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effects: (1) Being away (feeling refreshed away from everyday occurrences), (2) Fascination (that which
enthralls people and attracts interest), (3) Extent (which infuses feelings of spatial expanse; divided into
Coherence and Scope in the PRS), and (4) Compatibility (which makes the environment feel suitable).
From our results, an appropriately managed forest setting could be an excellent restorative environment
in comparison with the urban setting, the latter of which is where the majority of people live. On the
other hand, in the comparison of the restorative properties to the restorative effects, there was no
significant difference between the forest and urban settings for participants in all indicators before
spending time in each of the respective settings (Table 6). However, after the respondents have spent
time in the forest, they attained a significantly more positive psychological state than after spending
time in the urban setting (Table 6), and even before staying at the forest setting (Table 7).

Overall the four forest sites are restorative environments with higher restorative effects in contrast
to the four urban sites. The higher psychologically restorative effect may be because of the highly
restorative properties of the forest acting as a stimulus to the respondents.

4.2. The Restorative Effects and Individual Traits in the Forest and Urban Settings

4.2.1. Forest Setting

There was a significant correlation between the composite index of the 10 restorative effects
and the index of 28 individual traits. More specifically, in the forest setting there were significant
correlations between Vigor (POMS) and Distancing (Stress coping), Fatigue (POMS) and Environment
(QOL), Confusion (POMS) and Meal (Health and life habit), Confusion (POMS) and Environment
(QOL), SVS and Distancing (Stress coping), and Emotion-focused (Stress coping) and Psychological
health (QOL; Table 8). In other words, stress coping ability of the “Distancing type” (i.e., thinking
that problems are not related to oneself and trying to forget problems and suffering) was inversely
correlated with the feeling of liveliness and energy after spending time in the forest. The environmental
area of QOL (i.e., a degree of satisfaction with one’s living environment on a daily basis) was inversely
correlated with fatigue and confusion after spending time in the forest. Since both Vigor (POMS) and
SVS are restorative indicators of the psychological state, people who have a relatively low ability to
cope with the distancing type of stress (i.e., those who confront themselves without escaping from
problems) are more likely to increase in psychological vigor from spending time in the forest setting.

Furthermore, the distancing type of stress coping had a negative relationship with Vigor
(POMS; −0.338) and SVS (−0.295). The environmental area of QOL had a negative relationship
with Fatigue (POMS; −0.560) and Confusion (POMS; −0.335; Table 10). This suggests that people with
distancing characteristics may have a lower psychological state of vigor from staying in a forest setting.
People who are satisfied with their daily living environment may also have less fatigue and confusion.
These results are reflected in the results of the correlation analyses. Thus, psychological health has
a negative relationship with SVS (−0.325). In addition, people dissatisfied with their psychological
health aspect of their QOL tended to experience greater effects on subjective vitality.

These results suggest that factors related to lifestyle and resilience do not necessarily affect the effect
of staying in a forest setting. Li et al. [13,43] indicated that forest staying is effective for treating lifestyle
diseases and Takayama et al. [53] suggested that psychological resilience is improved by staying in a forest.
However, if we considered psychological resilience as factors of individual traits, there was a possibility
that it did not necessarily affect the effect of a single and short-term forest staying. Some indicators of
stress coping and QOL were considered as factors influencing the effect of short-term forest staying.
Takayama [36] analyzed the relationship between the big five factors of personality and the restorative
effects by forest staying. He hypothesized that only a limited number of factors would have an influence
on the effect of forest staying. Our results provide support for their hypothesis.
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4.2.2. Urban Setting

The equivalent analysis was carried out with the urban setting as the control (Table 9). There were
17 significant correlations. Some significant correlations were obtained compared with the forest setting
(7 cases). In particular, among the individual traits, the indices for stress coping (10 indicators) was
significantly correlated with many restorative effect indicators. For example, the self-control, escape,
distancing, and emotion-focused types were significantly negatively correlated with Vigor (POMS).
In addition, for the passive (extrinsic)–active (intrinsic) type (Resilience), the environmental area
(QOL) was significantly correlated with positive emotions (PANAS). Thus, the directions of correlation
between individual traits and the restorative indicator were variable.

According to the results from the multiple regression analyses (Table 10), there were 12 significant
relationships between individual traits and the restorative indicator. Taking negative emotion (PANAS)
as an example, people who are of the self-control type (i.e., stress coping: take countermeasures to
deal with stress by self-control; 0.597), and not those who are the problem-focused type (i.e., stress
coping: tries to solve problems face to face; −0.413) and the passive (extrinsic)–active (intrinsic) type
(i.e., resilience: people whose behavior is active but the way of thinking is passive; 0.285), tended to
have negative emotions after spending time in the urban environment. Our results suggest that by
staying in the urban setting, people who are of the self-control type and active (extrinsic)–passive
(intrinsic) type (i.e., resilience: behavior is passive, but the way of thinking is negative) may experience
reduced psychological restoration (ROS). As described above, our results provided details on how
individual traits have a significant influence on the restorative effect of spending time in urban areas.

In the urban setting, there were significant influences from the three categories (i.e., lifestyle,
stress coping, resilience). In addition, we found that the psychological state was affected by more
individual traits from staying in the urban setting than in the forest setting. The urban setting was
not a restorative environment compared to the forest, and a restorative effect was not expected either.
However, in the urban setting, as a strong stimulus was scattered (in contrast to the forest setting),
it was necessary for each person to pay more attention to sufficiently adapt to their environment.
For this reason, we considered that many more individual traits were related to the stay in the urban
setting rather than in the forest setting.

4.2.3. Comprehensive Discussion

When the results for the forest and urban settings were compared, both correlation and multiple
regression analyses revealed many significant relationships in the urban setting (17 for the correlation
analysis and 12 for the multiple regression analysis). On the other hand, fewer significant relationships
were revealed in the forest setting (7 for the correlation analysis and 5 for the multiple regression
analysis). As previously discussed, a forest setting has a higher restorative effect than an urban
setting (Tables 6 and 7) because of its higher restorative properties (Table 4), the same as the previous
studies [7–10,17,42,43]. Thus, if the same amount of time was spent in both settings, a higher restorative
effect should be obtained in the forest setting. Considering that a forest setting has a higher restorative
function, the differences in the number of significant relationships that were revealed in this study
implies that it is also affected by individual traits, and not simply due to the effect of the environment
alone. In other words, the restorative effect obtained in an urban setting tends to be strongly influenced
by the individual traits of the respondents. In the forest setting, it is thought that there was a stable
restorative effect with little influence from the variation in individual traits. Although there were only
a few significant relationships in the forest setting, there were some significant relationships between
individual traits and the restorative effect of the environment. How we relate to the environment and
feel about the environment varies among individuals. Therefore, as we have revealed, it is important
for the forest management and planning, as well as for forest experience programs to consider the
knowledge from research on the different effects that spending time in a forest setting have on people
with different individual traits [26,36]. For example, if we would like to improve the psychological
state of the vigor of a participants’ gpoup, we should investigate their stress coping mechanisms in
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advance and then expose the participants to different distancing type and non-distancing type of
environments and programs [53]. We will then be able to provide more effective services. From these
findings, it was clear that individual traits (such as the distancing type of stress coping) and the
psychological and environmental areas of QOL are related to restorative effects. These have not been
dealt with previously. Regarding the effect of individual traits, which not been given much attention
in previous studies, on the planning of forest use and management, we believe that more concrete
knowledge could be acquired that will enable more effective forest planning, with consideration of
individual traits. Takayama [36] showed that during a walk for a short-term in a forest setting alone,
the restorative effect of forest staying was high for people who have high neuroticism, and people who
have high extroversion had lower effectiveness. Furthermore, it is important to develop a forest bathing
program suited for each individual trait type. Since we found that three factors, namely (1) distance
from the stressor to protect oneself from stress, (2) satisfaction with daily living environment, and (3)
psychological health, were related to the effect of single and short-term forest staying, the results from
this study can be considered to use in the arrangement of a new and diversified program.

5. Conclusions

In the present study, we investigated and analyzed the relationships between individual traits
(i.e., health and lifestyle, stress coping ability, resilience, and QOL) and the restorative effects from a
short stay in a forest setting. The following findings were obtained.

The forest setting is a restorative environment with a higher restorative effect than the urban setting.
Although the forest setting had a higher restorative effect than the urban setting, the influence of

differences in individual traits was minimal.
The relationships between restorative indicators of the forest environment and individual traits

indicators were elucidated.
Distancing (stress coping), psychological health (QOL), and satisfaction with the living environment

(QOL) were potentially important indicators related to the restorative effects in the forest setting.
The above results were obtained even though the time the respondents spent in the forest settings

was relatively short. Therefore, regardless of individual traits, people can experience a psychological
restorative effect by simply spending time in a forest setting for a relatively short period (approximately
30 minutes to 1 hour). Several studies explored the effects of individual differences on the effect of
staying in the forest setting, such as Takayama [36] and Takayama et al. [37]; however, none used
the indicators of individual trait types explored herein, where we analyzed the influence of the
forest setting compared with the urban setting (control). Therefore, the present study is exploratory.
There were numerous indicators of individual traits that could not be accounted for in the present study.
Also, the number of respondents was limited due to the use of direct recruitment of students on-site.

Furthermore, we chose young men in their 20s as respondents to control for the respondent’s
attributes. The effects of gender and age would require further exploration in the future.
The relationships between cognitive differences in individual respondents (i.e., restorative properties)
and differences in restorative effects between forest and urban settings (i.e., restorative effects), or the
relationship between cognitive differences and individual traits have not been studied previously.
Exploring such dynamics is important for establishing the overall relationships among individual traits
and restorativeness, which should be elucidated further in future studies. Although a well-managed
forest environment is highly beneficial to users regardless of individual differences, further research
could focus on developing optimal forest management and forest experience programs, while taking
into account differences among individual users.

The present study had some limitations. First, with regard to correlation and multiple
regression analysis, it may be necessary to consider the potential of the presence of type-I errors.
Therefore, readers should be careful when they consider the results of the present study. In addition,
the urban setting was used as a control and compared with the forest setting, referring to many
previous studies [7–10,12,13,17,27,35–37,39,41–43]. However, the results could vary depending on a
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researcher’s perspective on what should be applied as a control. We would like to see the progress
research in this field in the future.
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Abstract: The purpose of this study is to explore the association between proximity to open space
and adult renal function. This was a cross-sectional study. Adult residents of Taipei metropolis
were recruited in the analysis. The proximity of each subject to open space was measured using the
Geographic Information System. Residents were divided into two groups: with and without chronic
kidney disease (CKD). We made univariable comparisons between the two groups. The logistic
regression models were used to estimate the odds ratio of CKD. Forest plot was used to examine the
effect of interaction between distance to open space and subgroup variable on CKD. A total number
of 21,656 subjects with mean age 53.6 years were enrolled in the study. Of the subjects, 2226 (10.28%)
had CKD. The mean and standard deviation of distance to open space were 117.23 m and 80.19 m,
respectively. Every 100 m distance to open space was associated with an odds ratio of 1.071 for CKD.
Subgroup analysis revealed that residents of female, without hypertension, or without impaired
fasting glucose (IFG) living more than 200 m from open spaces have greater odds of CKD than those
living less than 200 m. Conclusions: Proximity to open space was associated with a lower prevalence
of CKD among adults in Taiwan. Such association was enhanced among females and healthy adults
without hypertension or impaired fasting glucose (IFG).

Keywords: open spaces 2; CKD 3; renal function

1. Introduction

It is well known that the ecosystem affects the well-being of humankind. However, urbanization
is a global trend, especially in Asia. More than half of the world’s population currently live in cities [1].
Urban citizens living in artificial environments may lack the services providing by the ecosystem.
Fortunately, open spaces can compensate for it. The effects of open space on health include both
physiological and psychological benefits. Open space independently augments the physical activity of
nearby residents [2]. The urban environmental design may also influence behavior, mental health [3]
and well-being [4] of residents. Other health benefits include an increase in birth weight (grams)
among the lowest education level group [5], decrease in number of small for gestational age births [6],
lower prevalence of early childhood asthma [7], lower morbidity (especially for anxiety disorder and
depression) [8], lower mortality (especially for respiratory disease) [9], lower heat-related mortality [10],
increase in longevity of urban senior citizens [11], and lower risk of stroke mortality [12].

Studies on the health effects of open space in Asia are relatively fewer. Moreover, to our best
knowledge, the association between open space and renal diseases has not been explored. In Taiwan,

IJERPH 2019, 16, 2436; doi:10.3390/ijerph16132436 www.mdpi.com/journal/ijerph63
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the prevalence of chronic kidney disease (CKD) among adults ranged from 6.9% [13] to 11.9% [14],
exerting a huge burden on the health care system. This study aims to explore the relationship between
proximity to open space and renal diseases among adults.

2. Materials and Methods

Study Population: Residents aged 30 and above who lived in metropolitan areas (six districts
with population densities higher than 20,000/km2) in 2009 were the target of the study (Figure 1). One
of the districts, Yonghe City, has the highest population density in Taiwan, with population density
41,446/km2 in 2009. Subjects were recruited from the New Taipei City Health Screening Program from
2007 to 2009. This annual program was supervised by the Department of Health of the New Taipei
City Government. All citizens aged 30 and above were invited to participate in the program every
three years. Subjects with incomplete information were excluded from the study. Finally, 2630 subjects
were excluded due to missing data and a total of 21,656 subjects from six districts were included in
this study. Permission to use these decoded data from the Department of Health of the New Taipei
City Government was granted. This study was approved by the Joint Institutional Review Boards of
National Health Research Institutes (Approval number: EO-104-PP-09).

Figure 1. The map of Taiwan with New Taipei City in gray area (left). Residents lived in the metropolitan
area of the city were included in the study (right).

Health Data: The annual health screening program was implemented by the Department of
Health of the New Taipei City Government. The program involved a self-reporting questionnaire,
interview by a physician, and blood sampling for biochemistry study. Demographic data including
age, gender, location of residence, alcohol consumption, smoking, and betel-nut-chewing habit were
collected. During the health examination, weight, height, and blood pressure of each subject were
measured. Serum creatinine was analyzed using isotope dilution mass spectrometry (IDMS)-traceable
method. Hypertension was defined as a systolic blood pressure ≥140 mmHg or a diastolic blood
pressure ≥90 mmHg. Overweight was defined as body mass index (BMI) ≥24 (kg/m2). Impaired
fasting glucose (IFG) was defined as fasting sugar ≥126 mg/dL. Hypercholesteremia was defined as
serum cholesterol level ≥200 mg/dL.

Urinanalysis: Each subject’s first morning mid-void urine was collected during the day of the
survey. Urinanalysis was performed using Multistix test strips (Bayer Diarnostics, Victoria, Australia)
which grade proteinuria as negative, trace, 1+ (0.3 g/L), 2+ (1 g/L), 3+ (3 g/L) or 4+ (≥20 g/L) by a
reaction with tetrabromphenol blue.

Renal Function: To estimate the glomerular filtration rate (GFR), the CKD-EPI-Taiwan equation
was used. This equation has been proved to have a lower bias than that derived from the modification
of diet in renal disease (MDRD) study [15]. The CKD-EPI-Taiwan equation is as follows: eGFR = 1.262
× [1.41xmin(Scr/κ, 1)α ×max(Scr/κ,1)1.209 × 0.993Age × 1.018(if female) × 1.159(if black)] 0.914, where
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Scr denotes serum creatinine, κ is 0.7 for female and 0.9 for male, α is −0.329 for female and −0.411 for
male, min indicates the minimum of Scr/κ or 1, and max indicates the maximum of Scr/κ or 1. In this
study, CKD was defined as eGFR ≤60 mL/min/1.73 m2, which stands for 50% loss in renal function.

Distance to Open Space: Locations of subjects’ residence were geocoded using the ArcGIS 10.1
software, and their minimum distance to open space was calculated. Open space is defined by the
US EPA as any open piece of land that is undeveloped (has no buildings or built structures) and is
accessible to the public [16]. Examples of open space are green space, schoolyards, playgrounds, public
plazas and vacant lots. The land use database was established by the National Land Surveying and
Mapping Center, Taiwan in 2007. According to the standard land use coding manual of the database,
open spaces include public utilities (schools, code 00202-0260204) and recreation areas (park, code
070201; playground, code 070202; and sports facility, code 070203) (Figure 2).

Figure 2. Locations of open spaces in the metropolitan area (six districts) of New Taipei City.

Particulate Matter Exposures: We used land use regression (LUR) model to estimate annual
average concentrations of PM2.5, PM2.5Absorbance, PM10, and PMCoarse at each resident’s address. The
LUR model was developed for the European Study of Cohorts for Air Pollution Effects (ESCAPE)
project [17]. To develop the model, we measured the pollutants in 20 different sites during three 14-day
periods from October 2009 to August 2010. The detailed protocol of the model was described in the
previous paper [18].

Statistical analysis: Patients were divided into two groups according to the level of eGFR: with
and without CKD. The demographic data and other clinically relevant data of continuous variables are
presented as mean and standard deviation, whereas categorical variables were presented as numbers
and percentages. We made univariable statistical comparisons between groups by Student’s t-tests
for continuous data, and chi-square tests for categorical data. The logistic regression model was
used to estimate the odds ratio of CKD. Variables that achieved statistical significance in univariate
analysis were subsequently entered into multivariate analysis. According to the distance from the
open space, it is divided into two groups of ≥200 meters and <200 meters. Forest plot showing the
effect of interaction between distance to open space and subgroup variable (age, gender, overweight,
hypertension, impaired fasting glucose (IFG), age, smoking, and drinking) on CKD. The final model
retains only statistically significant factors after multiple regression. All data were analyzed using
the IBM SPSS Statistics for Windows, Version 22.0 (IBM Corp., Armonk, NY). p-values < 0.05 were
considered statistically significant.

3. Results

New Taipei City had the most population among Taiwan’s administrative regions.
The metropolitan area of the city includes six districts, which had population densities range from
20,308/km2 to 41,446/km2. The six districts had a total area of 924,855 km2 and total population of
2,190,426 citizens at the end of 2009. The distribution location of open spaces is shown in Figure 2.
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The recreational spaces (include parks, playgrounds and sport venues) had a total area of 6.46 km2

(6.99%). The school spaces (include elementary schools, high schools, and colleges) had a total area of
3.9km2 (4.22%). Per capita open space availability is 4.7 m2.

Table 1 lists the demographic data of our study subjects. In brief, there were 21,656 subjects in
total, with a mean age 53.6 years and male to female ratio of 1:2. About half (50.4%) of the subjects
were overweight, and 33.2% of subjects were hypertensive. Moreover, 18.3% of subjects had smoked,
36.7% had consumed alcohol, and 3.5% had chewed betel nut. The mean eGFR was 77.05 mL/min/m2.
The prevalence of CKD (eGFR < 60 mL/min/m2) was 10.3%. The mean ± SD distance to open space
was 117.23 ± 80.19 m. The longest distance to open space was 570.7 m.

Table 1. Characteristics of the 21,656 subjects.

Variable Mean ± SD or N (%)

Age (years) 53.65 ± 10.37
30 ≤ Age < 40 1155 (5.33)
40 ≤ Age < 50 6670 (30.80)
50 ≤ Age < 60 8183 (37.79)
60 ≤ Age < 70 4044 (18.67)
70 ≤ Age < 80 1276 (5.89)
80 ≤ Age < 90 315 (1.45)

90 ≤ Age 13 (0.06)
Female Gender 14,477 (66.85)

Body mass index (BMI) (kg/m2) 24.35 ± 3.51
Waist (cm) 79.21 ± 9.97

SBP (mm Hg) 128.8 ± 20.16
DBP (mm Hg) 81.8 ± 12.15

Fasting Glucose (mg/dL) 100.61 ± 25.75
Cholesterol (mg/dL) 204.42 ± 36.54

Triglycerides (mg/dL) 118.73 ± 81.49
HDL (mg/dL) 68.96 ± 36.52
LDL (mg/dL) 113.06 ± 41.52
BUN (mg/dL) 13.48 ± 4.36

Creatinine (mg/dL) 0.84 ± 0.31
Hypertension 7164 (33.15)
Overweight 10,902 (50.44)

Impaired fasting glucose (IFG) 1550 (7.16)
Distance to Major Road (meter) 667.96 ± 453.78

Smoking
Never 17,664 (81.62)

Former 1502 (6.94)
Current Smoker 2477 (11.44)

Alcohol consumption
Never 13,716 (63.36)

Former 406 (1.88)
Seldom 6430 (29.70)
Current 1095 (5.06)

Ever Chew Betel nut 763 (3.53)
Education level

Uneducated 1523 (7.09)
Elementary or junior high school 9179 (42.71)

High school 6417 (29.86)
College or graduate school 4371 (20.34)

Estimated Glomerular Filtration Rate (eGFR) 77.05 ± 13.18
Chronic Kidney Disease (CKD) 2226 (10.28)

Distance to Open Space (m) 117.23 ± 80.19
1-year exposure
PM2.5 (μg/m3) 26.64 ± 5.01

PM2.5Absorbance (10-5/m) 1.94 ± 0.39
PM10 (μg/m3) 49.48 ± 4.13

PMCoarse (μg/m3) 23.13 ± 3.68

Hypertension defined as SBP ≥ 140 mmHg or DBP ≥ 90 mmHg. Overweight defined as BMI ≥ 24 (kg/m2). Impaired
fasting glucose (IFG) defines as fasting glucose ≥ 126 mg/dL. Alcohol consumption: current defines as drinking
on regular bases, seldom defines as drinking only on special occasions, formal defines as quitted from drinking
on regular bases previously estimated glomerular filtration rate (eGFR) estimated by equation of chronic kidney
disease (CKD)-EPI-Taiwan. CKD defined as eGFR ≤ 60 mL/min per 1.73 m2.

Study subjects were divided into two groups according to the level of eGFR: with and without
CKD. We made univariable statistical comparisons between groups by Student’s t-tests for continuous
data, and chi-square tests for categorical data (Table 2). We found that variables significantly associated
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with CKD include, age ≥65 years old, male gender, education level, smoking, alcohol consumption,
hypertension, overweight, impaired fasting glucose (IFG), and proteinuria.

Table 2. Comparison between subjects with and without CKD.

CKD(eGFR < 60)

No (n = 19,430) Yes (n = 2226) p-Value

Variable N % N %

Age <65 17351 89.3 1004 45.1 <0.001
≥65 2079 10.7 1222 54.9

Gender Female 13398 69.0 1079 48.5 <0.001
Male 6032 31.0 1147 51.5

Education level Uneducated 1132 5.9 391 17.7 <0.001
Elementary or junior high

school 8048 41.7 1131 51.1

High school 6009 31.2 408 18.4
College or graduate school 4089 21.2 282 12.7

Smoking Never 15931 82.0 1733 77.9 <0.001
Former 1281 6.6 221 9.9

Current smoker 2207 11.4 270 12.1
Chew betel nut Never 18720 96.5 2151 96.6 0.913

Former 624 3.2 68 3.1
Current 64 0.3 7 0.3

Hypertension No 13280 68.5 1166 52.5 <0.001
Yes 6111 31.5 1053 47.5

Overweight No 9872 50.9 838 37.7 <0.001
(BMI ≥ 24) Yes 9518 49.1 1384 62.3

Hypercholesteremia No 9230 47.5 1019 45.8 0.121
(Cholesterol ≥ 200) Yes 10198 52.5 1207 54.2

Impaired fasting
glucose (IFG) mellitus No 18178 93.6 1928 86.6 <0.001

(AC ≥ 126) Yes 1252 6.4 298 13.4
Protein - 17543 96.9 1896 88.6 <0.001

+/- 455 2.5 140 6.5
+ 60 0.3 50 2.3
++ 37 0.2 24 1.1
+++ 12 0.1 31 1.4

p-value by Chi-square test.

The logistic regression model was used to estimate the odds ratio (OR) of CKD. Variables with
significant OR of CKD after univariate analysis were subsequently analyzed by multivariate method
(Table 3). We found that distance to open space (every 100 m) has significant odds (1.071) for CKD.
Other parameters also have significant odds for CKD include: PMcoarse (OR 1.017), age ≥65 (OR 6.812),
male (OR 2.741), uneducated (OR 1.714), elementary or junior high school (OR 1.339), overweight (OR
1.308), hypertension (OR 1.184), cholesterol level (OR 1.002), lower red blood count(OR 1.876), higher
leukocyte count (OR 1.097), proteinuria +/− (OR 2.156), proteinuria + (OR 5.645), proteinuria ++ (OR
3.701), and proteinuria +++ (OR 15.028).

Forest plot (Table 4) showing subgroup analysis of the risk of CKD in different distance to the
open space. The result shows that if residents of the female gender, without hypertension, or without
impaired fasting glucose (IFG) living more than 200 m from open spaces, they would have greater
odds of CKD than those living less than 200 m from open spaces.
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Table 5 reveals the results of multiple linear regression on eGFR. Variables with significant odds
of CKD were selected for this analysis. We found that predictor with the largest negative partial
regression coefficient (β) was proteinuria (−4.770). The β value of distance to open space (100 m) and
PMCoarse were −0.185 and −0.122, respectively.

Table 5. Multiple linear regression of predictors on eGFR.

Predictor β SE Std β 95% C.I. for β p-Value

(Constant) 128.201 1.032 126.178 to 130.224 <0.001
Distance to open space (100 m) −0.185 0.083 −0.012 −0.348 to −0.021 0.027

PMCoarse (μg/m3) −0.122 0.018 −0.035 −0.157 to −0.086 <0.001
Age −0.599 0.008 −0.452 −0.614 to −0.584 <0.001

Gender (Male vs. Female) −4.364 0.164 −0.161 −4.685 to −4.044 <0.001
BMI (kg/m2) −0.082 0.021 −0.022 −0.123 to −0.041 <0.001

DBP (mm Hg) −0.025 0.006 −0.024 −0.037 to −0.013 <0.001
Cholesterol (mg/dL) −0.007 0.002 −0.019 −0.011 to −0.003 <0.001

RBC 0.779 0.157 0.030 0.472 to 1.086 <0.001
WBC −0.257 0.044 −0.032 −0.344 to −0.170 <0.001

BUN (mg/dL) −0.807 0.017 −0.269 −0.840 to −0.773 <0.001
Protein −4.770 0.330 −0.077 −5.418 to −4.123 <0.001

β: regression coefficient; Std β: standardized regression coefficient.

4. Discussion

The evidence of the beneficial effects of urban open space on human health is substantial. Prior
research revealed that urban open space has many benefits on health. Maas et al. investigated the
relationship between physician-assessed morbidity and green space in the living environment of
residents [8]. They found lower morbidities caused by anxiety (OR: 0.95), depression (OR: 0.96),
coronary heart disease (OR: 0.97), infectious disease of the intestinal canal (OR: 0.97), urinary tract
infection (OR: 0.97), musculoskeletal disease (OR: 0.98), and diabetes mellitus (OR: 0.98) among people
in residences having green space within 1-km radius. Other benefits of open space on the health of
residents in the vicinity include lower blood pressure [19], less obesity [20], decreased mortality of
respiratory disease [9], less heat-associated diseases, especially among elderly people with chronic
diseases (congestive heart failure, myocardial infarction, chronic obstructive pulmonary disease, and
diabetes mellitus) [10] , lower stroke mortality [12], increased longevity of senior citizens [11], less
newborns with low birth weight [5,6], and less children with asthma [7].

The mechanisms behind beneficial effects of open space on physical and mental health include
enhancing physical activity [2,21] and recovery from stress and attention fatigue [22], respectively. As of
social health, open space facilitates of social contact [23], reduces socioeconomic health inequalities [24],
while ecologically, is has cooling effects [25], can reduce noise reduction [26] and filter air [27].

Taiwan is a country with a very high population density (649 persons/km2) and high urbanization.
In such a crowded country, open space is very precious, especially in metropolis areas. Besides, the
disease burden of CKD in Taiwan is an important public health concern [14,28]. However, to our best
knowledge, the relationship between urban open space and human kidney function has not yet been
studied. Hence, this study was conducted to explore the association between proximity to urban open
space and renal function of residents.

We used logistic regression method to evaluate variables’ odds ratio for CKD. Multiple analysis
results revealed that 100 m distance to open space had an odds ratio of 1.072 for CKD (Table 3).
Results obtained from multiple linear regression on eGFR showed that distance to open space 100 m
is associated with lower eGFR (Table 5). These findings are biologically plausible because urban
open space facilitates the physical activity of residents [2,29], which in turn is beneficial to renal
function [30,31]. Both proximity to green spaces [2] and built environments [29] are revealed to be
associated with increased physical activity in the two review studies. Furthermore, previous studies

70



IJERPH 2019, 16, 2436

found that better renal function is associated with physical activity. Joseph et al. [30] reviewed the
data of the Third National Health and Nutrition Examination Survey (NHANES III) and found a clear
association between physical activity and GFR, particularly in adults without metabolic syndrome.
Another US study using the NHANES database and estimates subjects’ objective physical activity
by both accelerometer and questionnaire [31]. They found a positive association of total and light
physical activities with renal function. The mechanisms behind the association of physical activity
with better renal function include physical activity that leads to better glycemic control in type 2
diabetes mellitus [32] and better BP control. DM and hypertension are the leading causes of CKD.
Hyperlipidemia is also a risk factor of CKD and physical activity may also result in better lipid
control [33].

The second reason accounting for a better renal function is that urban open space may provide a
function of air filtration [34]. McPherson et al. estimated that approximately 9.8 tons of PM10 had been
removed by trees in the Chicago area per day [35]. On the other hand, air pollution is associated with
poorer renal function. A recent longitudinal study explored the association between PM2.5 and renal
function in older men [36] and found that 1-year PM2.5 exposure was associated with a decrease in
eGFR of 1.87 mL/min/1.73 m2. The possible mechanism involved includes inflammation, oxidative
stress, blood pressure, and vascular/endothelial function as a result of exposure to air pollutants. With
the effect of air filtration of trees, residents living near green spaces may benefit from having better air
quality. However, it needs more study to confirm this relationship.

Besides distance to open space, other demographic characteristics and comorbidities of subjects
were also examined for their association with renal function. Consistent with previous studies, factors
significantly associated with CKD included aged, male gender, uneducated, smoking, hypertension,
overweight, impaired fasting glucose (IFG), and proteinuria (Table 2). After multiple analysis of logistic
regression of CKD, factors with an odds ratio for CKD included distance to open space, PMcoarse,
aged, male gender, uneducated, overweight, proteinuria, hypercholesteremia, anemia and leukocytosis
(Table 3).

To further explore the effect of distance on CKD, we performed subgroups analysis to compare
certain groups of residents who live within 200 m to open space and who live more than 200 m to
open space. There are several reasons that we chose 200 m as distance thresholds to access open
space. Natural England’s Accessible Natural Greenspace Guidance recommends that in order to allow
everyone access to natural green space, they should live no more than 300 meters (5 minutes’ walk)
from home [37]. A Danish survey found that 2000 adults Danes age 18-80 had good access to and
use frequently of green space if they lived less than 100 m from it [38]. Pedestrian walking speed is
another concern. The walking speed is faster among younger healthy male persons. The 15th percentile
walking speed for older pedestrians is 0.67 m per second [39]. Taken together, most aged residents can
be access to nearby open space within five minutes if they live no more than 200 m from it.

Subgroups analysis of the risk of CKD found that subjects who were female, without hypertension,
and without impaired fasting glucose (IFG) have a significantly higher odds ratio of CKD if they live
more than 200 m from open space than those who live less than 200 m (Table 4). In other words, the
negative effects of distance to open space on renal function are more prominent among female or
relatively healthier residents. One possible reason is that for subjects with comorbidities that were risk
factors for CKD, the effects of distance to open space on renal function are relatively much smaller than
those who without the comorbidities. Other risk factors of CKD are greater drivers of kidney function
loss than the distance to open space. Another possible reason is that the medication for treating the
comorbidities may interfere with the association between distance to open space and renal function.
Further research is necessary to elucidate the current findings and hypotheses. Anyway, our finding
reassures the important role of disease prevention of urban open spaces.

In the current study, gender differences in the relationship between open space and health were
also noted in other studies. A study from Dutch explored the relationship between the self-reported
health of over 10,000 people and the amount of green space in their living environment. The study
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found the relationship was stronger for housewives and the elderly [40]. Stafford et al. explored
whether associations between neighborhood characteristics and self-rated health are different for men
and women in the UK. They found that the influence of the residential environment on women’s
health was greater than that on men [41]. However, Richardson et al. performed a UK-wide study to
explore the gender difference of the association between urban green space and health outcome. They
found that cardiovascular disease mortality was associated with urban green space in men, but not
in women. The postulated reason is that women have a greater concern of safety issue about green
space. Besides, their leisure time exercise was more severely attenuated by having young children than
men [42]. In the current study, the gender difference in the relationship between open space and health
was noted. The personal safety issue is small in New Taipei City, where the open spaces are relatively
small and the population density is high. A possible explanation for the greater influence of residential
environments on women’s renal function is that housewives spend more time in their neighborhood
environment than their husbands do. Taiwan’s female employment rate (between 15–65 years old)
was only 49.62% in 2009. On the other hand, men may have higher mobility and thus spend more time
far away from home. Another possible reason is that gender difference in vulnerability to negative
health impacts on renal function.

Information of the general population of New Taipei City >30 years of age in 2009 obtained
through the National Health Interview Survey and accessible at the government’s web site [43] was
analyzed. Compared with the general population of New Taipei City, our subjects were more likely to
be overweight (50% vs. 47%) and hypertensive (33% vs. 22%), but less likely to be smokers (11% vs.
20%), consume alcohol (37% vs. 55%), and chew betel nuts (3.5% vs. 8.3%). In terms of education level,
our subjects are more likely to be uneducated (7.09% vs. 1.59%), have attended elementary or junior
high school (42.71% vs. 35.24%), but less likely to have received college or graduate school education
(20.34% vs. 30.49%).

This study we used education level to stand for socioeconomic status and found higher odds
of CKD among uneducated subjects (Table 3). This finding is comparable to the result obtained by
Mitchell et al. [24] that open space can reduce the negative effect of lower socioeconomic status on
health. The incidence rate ratios (IRR) for all-cause mortality in the least and the most greenery area
were 1.93 and 1.43, respectively. The effect was also noted in circulatory diseases, with IRR 2.19 in
the least green area and 1.54 in the most greenery area. Similar results were also noted by Maas et al.
who found a stronger relationship between urban green space and health among lower socioeconomic
groups [4]. The physical activity level is lower among people with low socioeconomic status [44]. The
reason behind our finding is that if these people live near open space, they have greater access to places
for doing exercise. Equity is at the heart of the Sustainable Development Goal (SDG) advocated by the
United Nations. Urban open space may promote healthy lives and well-being for all ages (SDG 3),
reduce inequalities (SDG 10), and establish sustainable cities and communities (SDG 11).

This study explored the health effects of “open space” rather than “green space”, which is more
commonly in research conducted in western countries. The reason is that there are very few green
spaces in New Taipei City. Most residents are unable to easily access to green space. However, open
spaces such as schoolyards are much more available. In order to enhance residents doing exercise,
Taiwan enforced “National Sports Act” in 2000. The Article 7 of the Act states: “Sports facilities of all
levels of educational institutions should open to the public and provide access to community citizens
for sporting activities, under the pretext that it does not affect the teaching and life management of
schools [45].” A national survey conducted later by the Sports Administration, Ministry of Education,
Taiwan enrolled 15,361 residents revealed that the most common places of exercise are nearby the
home (17%) and schools (17%) [46,47]. Many residents of the city do exercise every day in their nearby
schools after the classes are over.

One of the strengths of our study is that this may be the first study to explore the relationship
between open space and renal function. Second, we used a general survey to explore the health effects
of local residents rather than self-rated health perception. Third, this is a large cross-sectional study in
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an area with high population density performed by the local government. The weakness of our study
is that we had not measured subjectively or objectively the real physical activity and types of physical
activity of our subjects. However, the relationship between distance to open space and physical activity
had been proved by several other studies. Besides, the types of physical activity in our study subjects
may be different from that of the western countries. Under the influence of traditional culture, there
are many citizens of all ages play Taijiquan in their nearby open spaces such as schoolyards or parks.
Some others may also play Chinese boxing, martial arts, or folk dance. The second weakness is that we
had not checked the medication taken by our study subjects. Medication may modify the effect of
distance to open space on renal health. Third, the serum creatinine level was measured only once. The
possibility of laboratory error is a concern. Besides, we had no data about the trend of renal function
over time. Further studies are necessary to explore the causal relationship and long-term health effect
of urban open spaces on the disease progression of CKD.

5. Conclusions

In conclusion, living more distant from urban open space in New Taipei Metropolis is associated
with lower eGFR and higher odds of CKD. The association is stronger in female gender or relatively
healthier adults without hypertension or impaired fasting glucose (IFG). Proper urban design is thus
essential in Taiwan where prevalence and incidence of CKD are very high. Further researches were
necessary to explore whether proximity to open space will also be associated with the renal function of
residents in suburban or rural areas.
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Abstract: The role of neighborhood characteristics in promoting physical activity and sedentary
behaviors (SB) has not been extensively studied in university students. The study purpose was
to analyze the associations of neighborhood built environment and neighborhood socioeconomic
status (SES) with active commuting, leisure-time physical activity (LTPA), and SB among university
students. This is a cross-sectional study of 308 undergraduate students from two urban universities in
Valencia, Spain. Participants’ residential neighborhoods were classified according to walkability and
SES levels. Walkability was defined as an index of three built environment attributes (i.e., residential
density, land-use mix, and street connectivity) based on geographical information system data.
Active commuting to and from university (ACU), active commuting in the neighborhood, LTPA,
and SB were evaluated through a questionnaire. Mixed model regression analyses were performed.
There were no significant SES–walkability interactions for any of the outcomes analyzed. However,
university students living in more walkable areas reported two more ACU trips per week compared
to those living in less walkable neighborhoods (p < 0.01). University students living in lower-SES
neighborhoods reported more ACU trips per week than those living in higher-SES neighborhoods
(p < 0.05). Regarding LTPA, there were no significant SES or walkability main effects. Neighborhood
SES was negatively related to active commuting in the neighborhood and to time spent in SB
(all p < 0.05). Participants living in lower-SES neighborhoods reported more active commuting per
week and had the highest average minutes spent in SB. This study highlights the relevance of assessing
university’s residential environment when active transportation and SB are analyzed.

Keywords: exercise; obesity; urban environment; walkability; active transportation; college students

1. Introduction

The beneficial role of physical activity on promoting population health has been extensively
demonstrated [1]. Physical inactivity is a global issue that causes noncommunicable diseases such
as heart disease, hypertension, diabetes or cancer and reduces life expectancy [2]. In this regard,
the transition from high school to university is one of the key life transitions that is characterized by
multiple changes in the daily routine and is associated with a significant decrease in physical activity
levels [3–5]. Research indicates that regarding international recommendations (i.e., at least 30 min of
moderate-to-vigorous physical activity per day in adults [1]), approximately 50% of university students
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are considered physically inactive [6,7]. Research also suggests that physical activity must be studied
through its examination across multiple domains, because this provides deepened understanding of
students’ physical activity engagement [8].

From an ecological perspective [9], there are different types of factors affecting physical activity
behavior in university students. In this regard, individual and psychosocial factors have been the most
analyzed in previous research [10–12]. Nevertheless, environmental variables and, more specifically,
built environment, have been scarcely analyzed among university students. The built environment
refers to human-made surroundings, from small-scale settings (e.g., houses, schools, and offices) to
large-scale settings (e.g., neighborhoods, communities, and cities), as well as sidewalks, streets, and
green areas [13]. Neighborhoods are one site in which the built environment might be particularly
relevant for health, mainly facilitating or hindering physical activity behavior [14,15]. Neighborhood
characteristics are one of the most consistent built environmental factors associated with physical
activity behavior in the general adult population [9,15]. According to a recent systematic review of the
effects of residential relocation on physical activity [16], one of the most consistent activity-promoting
neighborhood attributes is walkability. Walkability is an estimation of how much a built environment
promotes physical activity [17]. It usually includes components such as residential density, street
intersection density, and land use mix [18]. However, the operationalization of the measures of
walkability as well as the type or number of built environment factors considered show a large degree
of variability [19,20]. For this reason, the International Physical Activity and the Environment Network
(IPEN) has developed a set of protocols aimed at maximizing comparability of built environment
characteristics and physical activity between different geographical contexts [15]. In the present study,
the IPEN walkability index was used [18].

The studies carried out in the general adult population and young people indicate that high
levels of walkability of the neighborhood are related with high levels of physical activity [21–23].
Walkable environments have a closer proximity to green areas and other recreational areas (e.g., sport
facilities) that can facilitate leisure-time physical activity (LTPA), such as leisure-time walking [24,25].
In the case of the sedentary behaviors (SB), it is hypothesized that low-walkable neighborhoods have
few opportunities for physical activity and may lead citizens to spend more time doing recreational
sedentary activities (e.g., watching TV) [22]. Nevertheless, in relation to SB, findings in the literature
have been inconsistent [22,23,26].

The assessment of the relationship between residential neighborhood walkability and university
students’ physical activity is virtually non-existent. The limited number of studies has focused on
analyzing campus walkability among US university students [27–29]. Recently, Horacek et al. [28]
analyzed the characteristics of thirteen US university campuses and demonstrated that more
walkable/bikeable environments were associated with more walking for transportation and better
weight status. Rybarczyk [29] evaluated the communities surrounding a US university campus and
found significant associations between residential density and intersection density with active travel
to campus in a sample of faculty, staff, and students. Today, there are no studies that have focused
on the analysis of the built environment of the residential neighborhoods of the students from urban
universities. Urban universities are more usual in European countries and are characterized by
having their schools integrated into the city urban area [30] and not in a closed geographical area,
such as university campuses [27,28]. On the other hand, in addition to physical activity behavior,
the relationship between neighborhood walkability and SB are unexplored among university students.

Literature has also indicated the existence of socioeconomic differences in built environments [31–33],
suggesting that low socioeconomic status (SES) residents may be exposed to less supportive
environments for active lifestyles. However, the potential role of high vs. low neighborhood SES in
moderating the relationship between urban environment and physical activity or SB has not been
evaluated yet in university students. According to Van Dyck et al. [34], understanding if SES variables
are effect modifiers is important for several reasons. One of these reasons is related with the necessity
of knowing if walkability relates similarly to health behaviors (e.g., physical activity) in high- and
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low-SES neighborhoods. Moreover, it is important to examine these interactions to reduce health
disparities across socioeconomic groups. Literature has also shown that neighborhood SES can have a
direct influence on physical activity and SB [23,26]. Nevertheless, the results are inconclusive and
seem to differ according to the type of behavior and the population groups analyzed [23,34–36].

The present study examined the associations of neighborhood walkability and neighborhood
SES with active commuting, leisure-time physical activity (LTPA), and SB among Spanish university
students. In this regard, it was hypothesized that both neighborhood walkability and neighborhood
SES influence university students’ active commuting, LTPA, and SB.

2. Materials and Methods

2.1. Study Design and Procedure

This study was conducted as part of the IPEN Adolescent study in Spain [23]. Although this
study was designed for adolescents, the methodology was adapted to samples of children [31] and
university students. A cross-sectional study was designed to recruit participants via convenience
sampling in classes. Participants’ residential neighborhoods were classified according to walkability
and SES levels. The smallest governmental administrative unit (i.e., census blocks) was used to
delineate neighborhoods. The city of Valencia consisted of 593 census blocks at the time of the study.
Census blocks were objectively evaluated and categorized as high or low walkability/SES using the
IPEN walkability index [18]. Based on IPEN recommendations [18,23,37], census blocks were divided
into deciles based on their walkability and SES values: The lowest five deciles constituted the “low”
category, and the highest five deciles corresponded with the “high” category. Then, based on previous
research [23], participants from the census blocks in the central deciles were removed. A 2 × 2 matrix
was established by high/low walkability and high/low SES, with the four categories called “quadrants”
(Figure 1). The use of binary variables allows comparison with other studies (e.g., [18,23,37]) from
diverse types of geographical contexts.

 
Figure 1. Distribution of the study participants according to the type of neighborhood in Valencia, Spain.

2.2. Participants

Participants were 308 undergraduate students (22.4 years, standard deviation 5.6; 62.0% female)
from two urban universities in Valencia (Spain) recruited via convenience sampling in classes.
Previously, 11 participants were excluded because of incomplete questionnaire data. Inclusion criteria
were: university students living in the city of Valencia during the academic year; and being able to
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walk without assistance. Data were collected in 2015 during the academic year and were balanced in
the 2 × 2 matrix. Once the participants from the census blocks in the central deciles were removed,
the final sample was composed of 213 university students. The study protocol was approved by the
Human Research Ethics Committee at the corresponding author’s university, and informed consent
was obtained from the participants before study enrollment.

2.3. Measures

2.3.1. Neighborhood Evaluation

The IPEN walkability index score for each census block was calculated using GIS (Geographic
Information System) measures of net residential density (ratio of residential units to the land area
devoted to residential use), street intersection density (ratio of the number of street intersections to land
area of the block-group), and land use mix (diversity of land use types per census block), as described
previously (see Frank et al. [18] for more description). The formula for land use mix captures how
evenly the square footage of diverse uses is distributed (i.e., residential, office, civic/institutional,
recreation, entertainment, food-related, and retail area) and ranges from 0 to 1 [38]. The walkability
index was the sum of the z scores of the three built environment measures:

Walkability Index = [(z-score of net residential density) + (z-score of intersection density)
+ (z-score of land use mix)]

The educational level of each census block was used as an indicator of SES [23,39]. These data
on educational level were obtained through the INE (National Institute of Statistics, Spain) for 2011.
Educational level ranged from 0 (illiterate person) to 4 (university training). The average of this variable
was calculated in each census block. Then, the z score of the educational level was also calculated.
ArcGIS 10.2 software (ESRI, Redlands, CA, USA) was used to generate the GIS variables.

2.3.2. Active Commuting to and from University (ACU)

Modes of transport to and from university were assessed by: “How often do you use each of
the following ways to go to and from the university?” [40]. Response options were bike, bus, car,
train/metro/tram, motorbike, and walking. University students indicated the number of trips per week
(to or from university) in each mode of transport. The total number of trips per week they made on
foot or by cycling was obtained. This questionnaire has been demonstrated to be acceptably reliable
and valid in university students in a previous study [40].

2.3.3. Active Commuting in the Neighborhood, Leisure-Time Physical Activity (LTPA), and Sedentary
Behavior (SB)

These physical activity domains were assessed by the Spanish version of the GPAQ survey
(Global Physical Activity Questionnaire [41]). The GPAQ was developed and validated by the World
Health Organization [41]. The information on the frequency and duration of the active transportation
and moderate-and-vigorous-intensity LTPA was collected. In relation to active commuting, university
students were asked to report the usual way they travel to and from places (e.g., to work, for shopping
and to market). Participants were also asked to report the average sitting time per day as a proxy
for SB. The GPAQ questionnaire has been satisfactorily used among Spanish university students in
previous research (e.g., [5]).

2.3.4. Covariates

Body mass index (BMI; kg/m2) was calculated using self-reported weight and height. Access to car
and motorbike was also evaluated using two items [12]: “Do you have a car for personal use?”; “Do you
have a motorbike for personal use?” Items were rated 1 (“never”), 2 (“sometimes”) or 3 (“always”).
Type of residence was assessed by “Where do you live during the academic year?” Response options
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were divided into two categories: family residence (parents’ home or own house) and university
residence (shared flat with other students or hall of residence). The street-network distance from
participants’ residence to university school was calculated using GIS procedures. University students
were also asked to indicate the number of years living at their current address. Access to public
transport was also measured with: “How long does it take you to walk from your home to the nearest
public transit? (bus, tram, metro).” Participants responded in minutes. Barriers to ACU were measured
using a reliable and valid scale that includes items related to the environment/safety (seven items) and
planning/psychosocial factors (seven items) [12]. Example items are: ‘There is nowhere to leave a bike
safely’ and ‘I have too much stuff to carry to walk or bike’. This scale uses a response format from
1 (“strongly disagree”) to 4 (“strongly agree”). Other covariates were participants’ gender and age.

2.4. Statistical Analysis

The analyses were carried out using SPSS v.22.0 (SPSS, Chicago, IL, USA). Descriptive statistics
(e.g., means, standard deviations, skewness for continuous measures, frequencies, and percentages)
were calculated to analyze the distributions of the measurements.

The main variables of interest, in the models run to address the study’s primary purpose,
were high- vs. low-neighborhood walkability and high- vs. low-neighborhood SES, as well as the
interaction between these two variables. For each outcome variable, the full model (walkability and
SES main effects, interactions, and all covariates) was first tested to determine whether there was
an SES–walkability interaction effect. To minimize type 2 statistical errors, covariates with p > 0.15
were removed using backward-stepwise elimination procedures. Separate mixed effects regression
models (using SPSS MIXED) were fit for all the dependent variables (i.e., ACU, active commuting
in the neighborhood, LTPA, and SB). Mixed-regression analyses were used so that clustering of
participants nested within residential neighborhoods (administrative units), and university schools
could be adjusted for as random effects [23]. Sociodemographic measures tested as potential covariates
were participant’s gender, age, body mass index, access to car/motorbike for personal use, type of
residence, number of years living at current address, distance to university, access to public transport,
and barriers to ACU.

3. Results

Table 1 indicates the study descriptive statistics for all the participants.

Table 1. Study descriptives for all the sample participants.

Variables Range Mean (SD) or %

Sociodemographics
Body mass index (kg/m2) 17.6–32.4 22.3 (2.9)
Access to car/motorbike 1–3 1.5 (0.6)

Type of residence (family) - 56.1
No. of years living at current address 1–33 11.0 (9.4)

Distance to university (km) 0.2–9.9 2.7 (1.8)
Access to public transport (min) 0–20 4.3 (3.6)

Barriers to active commuting to university 1–4 2.4 (0.5)

Outcome variables
Active commuting to and from university (trips/week) 0–22 8.5 (4.8)
Active commuting in the neighborhood (days/week) 0–7 4.5 (2.5)

Moderate–Vigorous LTPA (min/week) 0–2520 329.8 (387.2)
Moderate LTPA (min/week) 0–1680 154.5 (240.7)
Vigorous LTPA (min/week) 0–900 175.3 (234.2)

Sedentary behavior (min/day) 90–900 400.2 (191.1)

LTPA: leisure-time physical activity.
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Figure 2 gives the percentage of trips to and from university by mode of transport per week.
A notable percentage of students walked to and from university (47.3% of trips). The percentage of
trips by bike was 17.2%, whereas 21.5% was by public transport (train and bus) and 14.0% by private
motorized transport (car and motorbike).

 
Figure 2. Percentages of trips to and from university by each mode of transport.

Table 2 shows the participants’ outcomes by neighborhood-quadrant with covariate-adjusted
means. The SES-by-walkability interaction (or SES and walkability main effects, if the interaction was
nonsignificant) is also indicated.

Table 2. Participants’ active transportation, leisure-time physical activity (LTPA), and sedentary
behavior with adjusted means by study-design quadrants and tests for neighborhood socioeconomic
status (SES)-by-walkability interaction, or the main effects of SES and walkability without interaction.

Outcome Variables

Adjusted Means (SD) Tests of significance (p-Value)

Low Walkable High Walkable SES-by-Walkability
Interaction
(If p < 0.05)

SES Main
Effect (If n.s.
Interaction)

Walkability Main
Effect

(If n.s. Interaction)
SES SES

Low High Low High

Active commuting
to and from
university

(trips/week)

8.5 (0.9) 6.6 (0.8) 10.7 (1.0) 8.8 (0.4) 0.506 0.053 0.013

Active commuting
in the neighborhood

(days/week)
5.4 (0.5) 4.0 (0.5) 5.7 (0.6) 4.3 (0.2) 0.957 0.026 0.521

Moderate–Vigorous
LTPA (min/week) 354.2 (94.2) 285.2 (83.0) 415.2 (107.7) 346.2 (55.2) 0.913 0.480 0.442

Moderate LTPA
(min/week) 182.5 (56.2) 94.2 (48.2) 260.6 (66.0) 172.2 (24.8) 0.591 0.175 0.139

Vigorous LTPA
(min/week) 169.5 (56.7) 192.1 (49.9) 159.5 (64.6) 182.0 (33.0) 0.659 0.702 0.834

Sedentary behavior
(min/day) 452.6 (47.8) 353.4 (42.3) 484.5 (52.4) 385.4 (30.8) 0.435 0.035 0.415

Note: Bold values indicate statistically significant differences (p < 0.05). Models for the main effects contain both walkability
and SES factors. Abbreviations: SES, socioeconomic status; LTPA, leisure-time physical activity, n.s.: nonsignificant.
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Considering Table 2, there were no significant SES-by-walkability interactions for any of the
outcomes analyzed. Nevertheless, ACU showed significant walkability (p = 0.013) and SES (p = 0.053)
main effects. ACU was more frequent overall in higher-walkable and lower-SES areas. University
students living in more walkable areas reported more ACU trips per week compared to those living
in less walkable neighborhoods (9.7 vs. 7.6 trips, respectively). Likewise, university students living
in lower-SES neighborhoods reported about two more trips per week in contrast to those living in
higher-SES neighborhoods (9.6 vs. 7.7 trips, respectively).

In relation to active commuting in the neighborhood, there was also one neighborhood SES main effect
(p = 0.026), with university students living in lower-SES neighborhoods reporting more active days per week
than university students living in higher-SES neighborhoods (5.5 vs. 4.1 days, respectively).

Regarding LTPA, there were no significant SES or walkability main effects. However, time spent
in SB showed a significant neighborhood SES main effect (p = 0.035). The highest average minutes
spent in SB (468.6 min/day) was found among university students living in lower-SES areas in contrast
to those living in higher-SES areas (average of 369.4 min).

4. Discussion

In a society where transition from high school to university implies an increment of SB [3,5,42]
and scarce time of physical activity practice in university students [6,7], it is important to promote
healthy lifestyles and contribute to increasing physical activity engagement in this population [8].
The purpose of this cross-sectional study was to examine the associations of neighborhood walkability
and neighborhood SES with active commuting, LTPA, and SB among Spanish university students.
The results supported that the built environment and/or neighborhood SES are associated with active
commuting and SB among Spanish university students.

Transport to university is one of the four life domains contributing to physical activity levels in
university students [8]. Systematic review evidence has recently found that ACU can be integrated into
overall lifestyle activity to reduce obesity and promote better cardio metabolic health [43]. It should
be noted that in the current study, a notable percentage of students actively commutes to and from
university on foot (47.3% of trips) and by biking (17.2%). Active commuting on foot or by biking
is a good strategy to incorporate physical activity into daily routines among physically inactive
populations [44]. In this sense, considering the competing academic and occupational goals in
university students [5], ACU might lead to them integrating physical activity engagement in daily
routine easier than LTPA in other life domains (e.g., recreational or domestic) and improve healthy
levels [45], such as reducing obesity [40,46,47].

Walkability of the neighborhood was a factor that influences ACU. Our main findings indicate that
university students who lived in more walkable neighborhoods were more likely to actively travel to
university; these students reported two trips more per week compared to those living in less walkable
neighborhoods. Similar results were found in children and adolescents [23,31], reinforcing the idea of
neighborhood characteristics influence ACU and, consequently, physical activity levels. The results in
less walkable neighborhoods could be due to longer, isolated, and unattractive routes discouraging
physical activity [44,48]. Perceived walkability is also likely to influence behavior [44,48], but this was
not measured in the current study.

In addition, ACU is also associated with the neighborhood SES. In contrast to those students living
in higher-SES neighborhoods, counterparts living in lower-SES neighborhoods actively commuted
to/from university about twice more per week. Our study also supports previous findings, in which
children and adolescents living in lower-SES neighborhoods actively commuted to school frequently [31].
This confirms the assumption that physical activity can be affected by the socioeconomic variables
of the neighborhood [49]. Furthermore, there is an association between active commuting in the
neighborhood and neighborhood SES. That is, students living in lower-SES areas commuted actively
more in their neighborhood than those living in higher-SES neighborhoods (5.5 vs. 4.1 days/week,
respectively). This could be due to students from higher-SES areas being able to afford motor vehicles
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(i.e., cars or motorbikes), and the possibility of access to parking facilities [31]. Considering previous
research, it is clear that the use of a motor vehicle is associated with weight gain and increased risk of
obesity [47]. As it seems that high-SES students from the current study are more likely to commute
passively by driving to university, more active modes of transport should be promoted to favor the
adoption of physical activity guidelines.

Regarding SB, an association with neighborhood SES was found. University students living in
lower-SES areas spent almost 100 min/day more in SB activities compared to those living in higher-SES
areas. It is suggested that among students from low-SES areas, sedentary time is spent on screen time
(TV, mobile phone, laptop or computer) [50] because of the lack of sport facilities and organized physical
activities promotion in their neighborhood compared to higher-SES neighborhoods [23]. In this sense,
it should be noted that SB has also been related to an increase in unhealthy food consumption (e.g.,
sweets, savory snacks, soda, and soft drinks) and the subsequent risk of obesity [51,52]. With the
emerging importance of prolonged sitting time as a chronic disease risk factor, it is important to identify
the correlates of SB to develop public health interventions [53].

Regarding LTPA, in the present study, neither neighborhood SES nor walkability were associated
with LTPA. These results could be due to university students participating in sports/physical activity
classes [23] in different neighborhoods than those in which they live. In this sense, Spanish universities
usually offer very varied sports facilities, as well as the possibility of participating in different organized
sports activities [10]. Otherwise, the lack of a significant association between walkability and LTPA
could be related to the limitations of habitual physical activity measurement through questionnaires [54].
The use of self-reports could be seen as a limitation of the present study because participants usually
have a tendency to overreport physical activity and underreport SB [40]. As a more appropriate
perspective, it would be desirable that future studies, in university students, use objective measures of
physical activity behavior such as motion sensors to determine physical activity level.

Applications for Practice

This study showed a broad group of students (i.e., 64.5%) that travel to/from university on foot,
via biking or public transport. However, there is still a significant percentage of university students
(14.0%) who do not commute actively. In this line, policy makers could conduct programs for physical
activity promotion [55] in universities, especially those aimed at promoting active commuting. In
relation to the neighborhood design, street characteristics could be designed to turn streets into a more
walkable and bikeable environments. Neighborhoods’ infrastructure and aesthetics, in addition to the
sense of comfort and safety, promote walkability [55,56]. On the other hand, as it seems that students
from high-SES areas passively commute by driving to/from university, a strategy to encourage them to
travel actively could be based on reducing the availability and parking access close to university schools
or imposing high fees on parking facilities [56,57]. Moreover, as the number of students moving by car
increases rapidly with increasing distance, improving accommodation facilities on or near universities
(e.g., residences halls or shared flats) could also increase ACU [40]. Similarly, the improvement of
public transport connection from students’ neighborhoods to university neighborhoods could provide
an opportunity to promote ACU [55].

5. Conclusions

This study highlights the relevance of assessing a university’s residential environment when
active commuting and SB are analyzed. University students living in more walkable areas reported
more ACU trips per week compared to those living in less walkable neighborhoods. Moreover, ACU
and active commuting in the neighborhood were more frequent in lower-SES areas than in higher-SES
neighborhoods. Furthermore, time spent in SB was higher among lower-SES residents.
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Abstract: The aim of this study is to evaluate the relationship between the density of green spaces at
different buffer sizes (300, 500, 1000 and 1500 m) and cardiovascular risk factors (obesity, hypertension,
high cholesterol, and diabetes) as well as to study if the relationship is different for males and females.
We conducted cross-sectional analyses using the baseline measures of the Heart Healthy Hoods study
(N = 1625). We obtained data on the outcomes from clinical diagnoses, as well as anthropometric and
blood sample measures. Exposure data on green spaces density at different buffer sizes were derived
from the land cover distribution map of Madrid. Results showed an association between the density of
green spaces within 300 and 500 m buffers with high cholesterol and diabetes, and an association between
the density of green spaces within 1500 m buffer with hypertension. However, all of these associations
were significant only in women. Study results, along with other evidence, may help policy-makers
creating healthier environments that could reduce cardiovascular disease burden and reduce gender
health inequities. Further research should investigate the specific mechanisms behind the differences by
gender and buffer size of the relationship between green spaces and cardiovascular risk factors.

Keywords: green spaces; cardiovascular risk factors; gender; obesity; hypercholesterolemia;
hypertension; diabetes

1. Introduction

Cardiovascular diseases (CVD) are the leading cause of death worldwide [1,2]. The global number
of deaths from CVD has increased globally during the last decade. In fact, in 2016, CVD were responsible
for 17.9 million deaths [2], representing one of the major challenges for public health [3]. One of the
reasons for this is the increasing prevalence of individual modifiable cardiovascular risk factors, such
as obesity, high blood pressure, high cholesterol levels, or diabetes, as well as environmental factors
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(air pollution, noise, etc.) [4]. In fact, it is estimated that, in Spain, 21.6% of adults are obese [5], 42.6%
have hypertension [6], 44.9% high cholesterol [7], and 13,8% diabetes mellitus [8]. Moreover, there is a
gender gap in CVD and CVD risk factors; females tend to have a worse risk factor profile compared to
males and are more susceptible to risk-factor comorbidity [9].

In the last years, there has been an increasing interest in potential population prevention approaches
that could reduce cardiovascular risk factors and, in turn, prevent CVD [10]. Cities present unique
opportunities to apply these population prevention approaches, as by definition they are dense, and
characterized by substantial man-made components and frequent social interactions [11]. For instance,
there is mounting evidence that the availability of parks and other green spaces has benefits for the
health and health-related behaviors of urban residents [12,13]. There are different theories that suggest
that green spaces affect health through different pathways, such as reducing harm (mitigating exposures
to heat, noise, and air pollution), relieving mental and physiologic stress, and promoting healthy
activities such as physical activity [14,15].

Previous evidence linked residential green spaces with cardiovascular health and cardiovascular
risk factors. There is evidence that a high amount of green spaces is associated with a decrease in
cardiovascular mortality [16], a lower hazard of CVD [17], a lower cardiovascular risk [18], and some
cardiovascular risk factors, such as obesity [19] and high blood pressure [20]. However, there is
no consistent pattern of associations with cardiovascular risk factors, especially in adults, as some
studies found green spaces to be associated with a decrease in CVD risk factors while others found no
associations [12,13]. Moreover, some studies have suggested that there is a potential effect modification
by gender that could change the relationship between green spaces and cardiovascular risk [13,19].
Thus, this study aims to study the relationship between urban green space density and cardiovascular
risk factors (obesity, hypertension, high cholesterol, and diabetes) and to study if the relationship is
different for males and females.

2. Materials and Methods

2.1. Study Design and Setting

This study is an observational cross-sectional study aiming to study the relationship between
the density of green spaces around the residential location and cardiovascular risk factors in the
city of Madrid, Spain. In 2016, Madrid had a population of 3.2 M residents and was divided into
21 districts that housed 128 neighborhoods. Within each neighborhood, there are small geographical
administrative units of ~1500 people each, called census sections (N = 2415) [21].

2.2. Study Population

This study uses the baseline measures of the Heart Healthy Hoods (HHH) cohort. The HHH cohort
includes 1720 residents of Madrid that (1) were 40–75 years old in 2017, (2) lived in Madrid (and in the
same home address for, at least, one year), (3) were born in Spain or the Andean countries (Ecuador, Peru,
Colombia or Bolivia, as that they represent 72.6% of all the South-Americans living in Madrid, and
South-Americans are the largest group of migrant residents in Madrid). We excluded potential participants
that (a) had previous cardiovascular disease, (b) were institutionalized population, (c) expected to travel
outside Madrid more than 3 months per year, (d) were immobilized at home or with terminal or serious
conditions that could alter their blood sample values or regular activities, (e) could not answer the
telephone questionnaires, (f) planned to move outside Madrid in the following three years.

The sample selection process was carried out in a two-stage process. We first selected 30 primary
health care (PHC) centers capturing spatial and sociodemographic variability in the city of Madrid, and
then randomized potential participants that met the selection criteria from the PHC physicians’ patient
list. Spain’s National Health System is publicly funded, providing universal health care coverage free of
charge at the point of use. Every resident has a primary health care physician and a primary health care
center assigned to public insurance. The data used for this study was collected through a clinical visit
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of the participants with their primary health care physician. From the original sample of 2265 potential
participants, 1720 attended the clinical visit. In this clinical visit, participants answered a questionnaire
with sociodemographic variables, family history of cardiovascular disease and cardiovascular risk
factors, quality of life measures, as well as took anthropometric (blood pressure, body mass index)
and blood sample tests (fasting blood glucose and low-density-lipoproteins—LDL). The previous
diagnosis of cardiovascular risk factors was obtained through their electronic health records. For this
study, we excluded participants that did not have complete information on cardiovascular risk factors,
anthropometric measures, or blood tests (N = 95, 5.5%), leaving a final sample of 1625 participants for
the statistical analyses. The 1720 participants that attended the clinical visit had a similar distribution of
age, sex, and migration status compared to the original sample of 2265. The HHH study was conducted
according to the guidelines laid down in the Declaration of Helsinki and received IRB approval from
the Ethics Research Committee of the Madrid Health Care System on 12 May 2015.

2.3. Exposure: Density of Green Spaces

We obtained all green spaces land cover categories from the General Urban Plan of the City of
Madrid for the year 2016, and we extracted those with a size greater than 0.5 hectares, as a minimum
size for doing physical activity [15]. The General Urban Plan of the City of Madrid contains information
on official land use categories of all blocks, plots, and spaces in the city of Madrid. We took all green
spaces categories available as a land use category, including urban parks as well as other neighborhood
green spaces. A detailed classification of all categories used for our definition of green spaces can be
found in Supplementary File S1. The land cover distributions and Madrid’s Urban Plan are publicly
available at Madrid’s Open Data (https://datos.madrid.es/).

From the General Urban Plan data, we calculated the percentage of green land cover from the
population-weighted centroid of the participants’ residence census section. Madrid’s census sections
have an average size of 0.2 km2, so they are widely used for neighborhood characterization [21]. We
used a population-weighted centroid instead of a geometric centroid to avoid locate residents in a
non-residential area (likely to be green space) and reduce the risk of misclassification using census
measures for the exposure. Thus, we used ArcGIS 10.1 software (v.10.1, ESRI, Redlands, CA, USA)
to calculate the percentage of green land cover using different street network buffers (300 m, 500 m,
1000 m and 1500 m) from the population-weighted centroid of each census-section.

2.4. Outcome: Cardiovascular Risk Factors

Four individual modifiable cardiovascular risk factors were our main outcome variables: obesity,
hypertension, high cholesterol, and diabetes. We classified as obese those participants that had in
their electronic health records a diagnosis of obesity, and those participants that had a BMI greater
or equal to 30 kg/m2, based on the anthropometric measurements [22]. For the latter, we computed
the average BMI from the three different measurements that the doctor took during the same clinical
visit. For hypertension, we classified as having hypertension those participants previously diagnosed
with hypertension (by the electronic health records), those participants in treatment for hypertension
and those participants with a mean systolic blood pressure ≥ 140 mmHg or a mean diastolic blood
pressure ≥ 90 mmHg after three blood pressure measures during the same clinical visit, following
European Society of Cardiology’s recommendations [23]. Hypercholesterolemia was defined as
previously diagnosed hypercholesterolemia, cholesterol treatment or LDL greater than 160 mg/dL [24].
We classified as having diabetes those participants with clinical records of diabetes, diabetes treatment
or fasting plasma glucose ≥ 126 mg/dL [24].

2.5. Covariates

Age, sex, and migration status were self-reported by participants and registered in the clinical
visit. To account for the effects of area characteristics, we also adjusted our analyses for the area-level
(census section) socioeconomic status (SES) where participants resided in. We used an SES index

91



IJERPH 2019, 16, 4918

that includes seven indicators: (1) low education; (2) high education; (3) part-time employment;
(4) temporary employment; (5) manual occupational class; (6) average housing prices (per m2); (7)
unemployment rate [25]. We included population density (number of residents/km2) at the census
section using annual population data from Padron (a continuous and universal census collected for
administrative purposes) [26].

2.6. Data Analysis

We conducted an exploratory and descriptive analysis of the exposure, outcomes, and covariates.
For continuous variables, we calculated medians and interquartile range; for categorical variables,
frequency tables.

To study the relationship between the availability of green spaces within 300, 500, 1000 and 1500 m
buffers with cardiovascular risk factors, we estimated odds ratios (ORs) of each cardiovascular risk
factor with a set of logistic mixed-effects (also known as multilevel) regression models. Thus, each
model included a cardiovascular risk factor as the dependent variable, and the availability of green
spaces (at 300, 500, 1000, or 1500 m) as the main explanatory variable (divided into quartiles, where
Q1 represents the greatest availability of green spaces and it is used as the reference value). Separate
models were calculated for each density (300, 500, 1000 and 1500 m). All models were adjusted by sex,
age, migration status, census-section SES, and population density, and included a random intercept for
the census section. Thus, the general formula for all these models is

Logit (odds for risk factorij) = β0 + β1*density(Q2)j + β2*density(Q3)j + β3*density(Q4)j +

β4*ageij + β5*sexij + β6*migrationij + β7*SESj + β8*pop densityj + uj + eij

where i indexes every participant and j every census section. β1, β2, and β3 are the coefficients for
Q2, Q3, and Q4 of green spaces density, respectively. β4–β8 are the coefficients for the covariates. uj
and eij represent the census-section and the individual residual, respectively, both following a normal
distribution (0, σ2).

We then ran the same models stratified by females and males to obtain specific estimates by
gender. In addition to this, to formally obtain an overall statistical p-value for effect modification, we
ran new models introducing an interaction term between sex and density (in this case, introduced as
linear). This way we were able to get a p-value for the interaction between sex and density (as linear)
instead of an interaction term between each quartile and sex. These models were as follows:

Logit (odds for risk factorij) = β0 + β1*density(as linear)j + β2*ageij +β3*sexij + β4*migrationij +

β5*SESj + β7*pop densityj + β8*density(as linear)j*sexij + uj + eij

Statistical significance was set at p = 0.05; thus, all 95% CI that did not include 1 were considered
statistically significant. All analyses and plots were conducted with R V3.5.1. Multilevel models were
calculated using the glmer function in the lme4 package.

3. Results

Table 1 shows the characteristics of the study sample, stratified by quartiles of the percentage
of green spaces within a 500 m buffer of the census section. The median age was 56 (IQR = 15),
56.06% of the sample were female, and 19.38% of the participants were born outside Spain. The
prevalence of obesity, hypertension, high cholesterol and diabetes was 28.43%, 25.35%, 30.69%, and
8.43%, respectively. Population density and socioeconomic status were higher where participants had
a lower density of green spaces.

92



IJERPH 2019, 16, 4918

Table 1. Characteristics of the Heart Healthy Hoods (HHH) cohort study sample, stratified by quartiles
of % of green space density within 500 m buffer of participants’ census section centroid (N = 1625).

Quartiles of Green Space Density (within 500 m)

Individual
Characteristics

Total Q1 (High) Q2 Q3 Q4 (Low)

Age 1 (years) 56 15 56 16 56 14.75 56 14.75 56 15

Sex 2 (female) 911 56.06% 234 57.64% 230 56.65% 225 55.42% 222 54.55%

Migration status 2 315 19.38% 80 19.70% 84 20.69% 81 19.95% 70 17.20%

Obesity 2 462 28.43% 120 29.56% 123 30.30% 110 27.09% 109 26.78%

Hypertension 2 412 25.35% 105 25.86% 93 22.91% 110 27.09% 104 25.55%

High cholesterol 2 502 30.89% 116 28.57% 119 29.31% 121 29.80% 146 35.87%

Diabetes 2 137 8.43% 28 6.90% 44 10.84% 32 7.88% 33 8.11%

Population density 1

(pop/km2)
30,784 23,067 27,333 28,610 28,391 20,360 29,604 21,766 36,840 20,643

Socioeconomic status
index 1 −0.37 1.24 −0.40 0.81 −0.44 0.90 −0.42 0.94 0.17 1.93

1 Median and IQR. 2 N and %.

In the regression models adjusted by all co-variates, we did not find any association between the
density of green spaces and obesity and hypertension (Table 2). For high cholesterol, we found an
increased odds of having high cholesterol with decreases in the density of green spaces, especially
within 300, 500 and 1000 m buffers (only in Q4); for instance, living in the quartile with the lowest
density of green spaces at 300, 500, and 1000 m (Q4) was associated with an increased odds of high
cholesterol of 46% (95% CI: 5% to 103%), 47% (95% CI: 5% to 106%), and 55% (95% CI: 10% to 118%),
respectively. There was a relationship between the density of green spaces within a 500 m buffer and
diabetes (only in Q2); the odds of having diabetes increased by 67%, in Q2 (95% CI: 1% to 176%);
however, it was not significant for Q3 and Q4.

Table 2. Association between the density of green space around the participants’ residence (300, 500,
1000 and 1500 m buffers) and cardiovascular risk factors in Madrid (N = 1625). Mixed-effects
logistic regression models adjusted by age, sex, migration status, population density, and area-level
socioeconomic status.

300 m 500 m 1000 m 1500 m

Green Spaces OR 1 CI 95% 2 OR CI 95% OR CI 95% OR CI 95%

Obesity
Q1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Q2 1.05 (0.76–1.43) 1.05 (0.77–1.44) 0.95 (0.69–1.29) 1.14 (0.84–1.56)
Q3 1.08 (0.79–1.48) 0.89 (0.65–1.22) 0.91 (0.67–1.25) 1.20 (0.88–1.65)

Q4 (Low) 1.00 (0.72–1.38) 1.09 (0.78–1.52) 0.95 (0.67–1.34) 1.05 (0.73–1.52)

Hypertension
Q1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Q2 0.98 (0.71–1.37) 0.84 (0.60–1.18) 0.89 (0.64–1.25) 1.32 (0.93–1.85)
Q3 1.01 (0.72–1.40) 1.06 (0.76–1.47) 1.05 (0.76–1.46) 1.38 (0.98–1.95)

Q4 (Low) 0.92 (0.65–1.30) 1.03 (0.72–1.46) 1.06 (0.74–1.53) 1.20 (0.81–1.79)

High Cholesterol
Q1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Q2 1.28 (0.93–1.77) 1.05 (0.76–1.44) 1.11 (0.80–1.53) 0.90 (0.65–1.24)
Q3 1.32 (0.95–1.83) 1.06 (0.77–1.46) 0.97 (0.70–1.33) 1.04 (0.75–1.43)

Q4 (Low) 1.46 (1.05–2.03) 1.47 (1.05–2.06) 1.55 (1.10–2.18) 1.20 (0.83–1.71)

Diabetes
Q1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Q2 1.61 (0.98–2.64) 1.67 (1.01–2.76) 1.01 (0.62–1.67) 1.15 (0.70–1.87)
Q3 1.15 (0.68–1.95) 1.15 (0.68–1.96) 1.05 (0.64–1.72) 0.97 (0.58–1.61)

Q4 (Low) 1.09 (0.63–1.90) 1.44 (0.82–2.52) 0.99 (0.56–1.75) 1.00 (0.55–1.83)
1 OR, Odds ratio. 2 CI, Confidence interval.
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In the gender-stratified models, we found that female participants showed higher OR than males
in the relationship between green spaces and cardiovascular risk factors (Figure 1 and Supplementary
Table S2). For obesity, there were no significant associations neither in males or females and the
interaction was non-significant; however, within the 1500 m buffer, there was a non-significant increase
in odds of having obesity with decreasing density, but only in female participants. In the case of
hypertension, we found a relationship between the density of green spaces within a 1500 m buffer
and an increased odds of hypertension, but only in females. For instance, females living in Q3 of
green space density within a 1500 m buffer had an increased odds of 73% (95% CI: 10% to 173%) for
hypertension. Despite this, the interaction term between density and sex was non-significant for all
densities in hypertension. For high cholesterol, the associations observed in the non-stratified models
were only still present in the models with females. Thus, there were increased odds for high cholesterol
for females living in the areas with a low density of green spaces within 500 and 1000 m buffers. For
diabetes, we found an association between 300 m and 500 m buffers of green space density and diabetes
only in females (interaction term between sex and density for 300 m p = 0.06; for 500 m p = 0.27); for
instance, females living in Q2, Q3, and Q4 of lower green space density (300 m) had an OR of 2.88
(95% CI: 1.17 to 7.10), 2.59 (95% CI: 1.02 to 6.52), and 2.32 (95% CI: 0.86; to 6.18), respectively.
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Figure 1. Association between the density of green spaces around participants’ residences (300, 500,
1000 and 1500 m buffers) and cardiovascular risk factors in Madrid (N = 1625). Mixed-effects logistic
regression models were stratified by females (red) and males (blue) and adjusted by age, migration status,
population density, and area-level socioeconomic status. Rows represent the different density of green
spaces around the home. From top to bottom: 300 m, 500 m, 1000 m and 1500 m. Columns represent
each of the cardiovascular risk factors, from left to right: obesity, hypertension, high cholesterol, and
diabetes. The interaction p-values represent the interaction between sex and the density of green spaces
(as linear instead of categorical).
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4. Discussion

4.1. Key Findings

In this study, we found a moderate association between density of green spaces around participant’s
location (within 300, 500, 1000 and 1500 m buffers) and hypertension, high cholesterol, and diabetes,
but not for obesity; particularly, females living in areas of lower green space density had greater odds
for specific cardiovascular risk factors (hypertension, high cholesterol, and diabetes) compared to
those that live in the highest density areas (Q1). These results are relevant because they deepen the
knowledge on the relationship between green spaces and cardiovascular health in the specific case of
the city of Madrid, and they open new questions regarding the gender dimension in the studies of
green spaces and cardiovascular health.

4.2. Comparison with Previous Studies and Mechanisms

Despite the lack of evidence of our results for obesity, other studies found an inverse relationship
between the increased availability of green spaces and obesity [27]. We hypothesize two main reasons
that could explain why we did not find an association between the density of green spaces and obesity.
First, we did not take into account any measure of the quality of green spaces. If we hypothesize that
green spaces might prevent obesity through physical activity, these spaces should be designed for
that. In fact, there are studies that suggest that certain characteristics of green spaces such as size,
sports facilities, quality of paths, and a safe environment might be relevant for physical activity within
green spaces [28,29]; for instance, Kaczynski et al. [28] observed that the quality of park trails and
the number of facilities and amenities in the park were associated with park-based physical activity.
Second, green spaces are usually located in areas with less population and retail density due to lack of
space, and these areas might discourage walking and physical activity as they are less walkable [30].
Despite adjusting by population density as a proxy of walkability, we did not test effect modification
by population density/walkability; meaning that we did not assess if the relationship between green
spaces and obesity is stronger or weaker in areas with high walkability.

Females living in areas with a lower density of green spaces (at 1500 m) had higher odds
for hypertension after adjusting by individual and neighborhood characteristics. Previous studies
support the idea that greater availability of green spaces around home reduces blood pressure in
adults [31,32], especially by harm reduction (e.g., exposure to noise or air pollution) [33], psychological
and physiological stress alleviation, increased social cohesion, or physical activity [15]. Similarly, we
found a relationship between green spaces and hypercholesterolemia, consistent with other previous
studies [27,31,34], that suggested that green spaces could reduce cholesterol levels via physical activity,
harm reduction or psychosocial pathways. However, we did not test the mediating pathways through
which green spaces might reduce blood pressure or cholesterol levels. Lastly, we also found an
association of green spaces density (300 m and 500 m) and diabetes in females, consistent with other
studies [35,36]. However, mechanisms behind the association between green spaces and diabetes are
not so clear; for instance, Dalton et al. [35] found that physical activity did not mediate the relationship
between green spaces and diabetes, and Bodicoat et al. [36] did not find that physical activity and other
risk factors explained this association.

4.3. Effect of Gender and Buffer Size

Overall, we only found a relationship between green spaces and cardiovascular risk factors
(hypertension, high cholesterol, and diabetes) in female participants. A previous systematic review
suggested that the association of green spaces and most mortality outcomes was greater in women and
that more research was needed on the different effects of green spaces in males and females [12]. Gender
differences in the relationship between green spaces and health have been found in other studies.
In fact, previous studies have found stronger effects of green spaces on health for women [19,37], while
others not [38]. Indeed, one study found an interaction between age, gender, and the association
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between green spaces with health; whilst the benefit of greater local green space for men was apparent
primarily in early to mid-adulthood, the benefit for women occurred later in life, in their mid−40 s and
older [39] (similar to our sample). One possible explanation to the gender differences is that males and
females have different social use and perception of green spaces; for instance, males are more likely
than females to use green spaces for physical activity [40] and females may not use green spaces if they
perceive them as unsafe [41]; in fact, a systematic review with systematic social observation found that,
when using green spaces, females seem to be more sedentary than male [42]. However, this would
explain only the physical activity pathway, not alternative pathways such as reduced exposure to air
pollution and noise. Moreover, our results go against this hypothesis as they go in the opposite direction
(green spaces might have more benefit for females). An alternative hypothesis might be that women
have stronger benefits of green spaces as they spent more time in the surrounding neighborhood
as they may feel socially responsible for housekeeper activities; in fact, a previous study found that
the relationship between greenspace and health was stronger for housewives [43]. Future studies
should clarify the pathways through which gender interacts in the association between green spaces
and health. Unexpected, most of the interaction terms were non-significant. However, this could be
because the interaction term between density (as linear) and sex assumed a linear relationship between
exposure and outcome (which is not always the case in this study). Despite this fact, we observed that
the sub-group analysis that most OR (especially in diabetes) were higher for women. We should also
consider that the use of stratified models might have caused a loss in statistical power to detect more
statistically significant associations by gender.

Another important key result of our study is the different buffer effects depending on the risk
factor. We found that the relationship of green spaces density and hypertension was only present
in larger buffers (1000 and 1500 m); while the relationship of green spaces and high cholesterol or
diabetes was stronger for smaller buffers (300 and 500 m). Some studies suggested that larger buffers
have stronger associations with health outcomes [37] as well as they might better represent distances
that people are willing to do for visiting parks and green spaces [43]; however, most of the studies
did not find evidence of different effects by buffer size, and suggests that buffer size selection might
depend on the context of cities (density, spatial configuration, etc.) [12]. It should be taken into account
that we used the population-weighted centroid as the start of our buffers instead of the participants’
exact residence, and smaller buffers (300 m) might be subjected to misclassification.

4.4. Strengths and Limitations

This study presents several strengths. Firstly, we were able to test different buffer sizes, providing
more insights into how different sizes might be more important for different pathways between green
spaces and health. Secondly, we used the street network instead of Euclidean buffers to calculate
distances and more accurately adjust the true density of green spaces. Thirdly, despite the common
use of satellite-derived land cover distributions and surrounding greenness, such as the Normalized
Difference Vegetation Index (NDVI) [14], land use data from the Urban Plan of the City of Madrid
is an official tool used by urban planners and policymakers in Madrid, so it might be relevant for
policy change. Lastly, we were able to combine two different measures for defining participants
with cardiovascular risk factors: practitioners’ previous diagnoses (by electronic health records) and
anthropometric measures (blood pressure and BMI) obtained in a clinical visit, which could reduce
information bias compared to self-reported measures or the use of electronic health records alone.

We are aware that this study has several limitations. This is a cross-sectional study, which does
not allow us to claim causality of our results. Besides, we have not taken into account the amount of
time that each person has been visiting green spaces, so in future studies, just like Paquet et al. [44],
we suggest comparing the association between the group of residents with different time exposure
to green spaces, even though visiting green spaces is not the only pathway that could explain this
association (as said above, other hypothetical pathways might be, for instance, the reduction of air
pollution, heat, and noise). We did not include measures of quality of green spaces (as the quality of
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trails, safety, etc.), which might influence the use of these spaces. Our exposure measures (density of
green spaces) were calculated from the census-section population-weighted centroid instead of the exact
residence location, which could lead to a misclassification in the exposure; however, census sections
are small spatial units (average size: 0.2 km2), thus we don’t expect a significant misclassification of
residence location. Moreover, the use of a population-weighted centroid prevents us to locate the
centroid in a non-residential area (which might be a green area). Our stratified models by male and
female might have caused a loss in statistical power to detect more statistically significant associations
by gender. Lastly, we were not able to test for the specific pathways through which green spaces are
connected with cardiovascular risk factors; future studies should study the pathways between green
spaces and cardiovascular risk factors with a gender perspective.

5. Conclusions

We found a moderate protective relationship between green space density and several
cardiovascular risk factors in female participants; hypercholesterolemia, hypertension, and diabetes,
but not for obesity. We found different effects for females and males and for different buffer distances:
there was a stronger association with hypertension when using larger buffers, while small buffers
showed stronger associations with hypercholesterolemia and diabetes. Future studies should further
study the mechanisms of this association, as well as the different effects by buffer size and gender
so policy-makers can design urban policies to prevent cardiovascular risk taking into account the
differences in the effects by gender.

Supplementary Materials: The following are available online at http://www.mdpi.com/1660-4601/16/24/4918/s1,
File S1: Types of green spaces according to General Urban Plan of the city of Madrid, Table S2: Association between
density of green space around the participants’ residence (300, 500, 1000 and 1500 m buffers) and cardiovascular
risk factors in Madrid.
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Abstract: Forest therapy is a fast-growing treatment approach, as it has the potential to alleviate
stressful life events and to improve psychological well-being and physical health. Bamboo forests are
widespread in southwestern China. Nevertheless, a knowledge gap on the specific health benefits of
bamboo forest (BF) therapy still exists. To explore the psycho-physiologic responses of participants to
the effects of BF therapy, 60 male adults aged between 19 and 24, with similar healthy conditions, were
selected to participate in this study. A one-group pretest–posttest design was used for the BF sites
and the city site (CS) to compare the difference in the psycho-physiologic responses of participants
before and after the test. Participants at the BF sites participated in a three-day bamboo forest therapy
session, and those at the CS participated in a three-day urban program. Blood pressure, heart rate,
and peripheral oxygen saturation were measured as the physical signs, and the profile of mood state
(POMS) questionnaire was completed by the participants for the psychological evaluation. Blood was
sampled, and natural killer (NK) activity, the number of NK cells, and the levels of corticosterone,
granulysin, perforin, and granzyme A/B in peripheral blood lymphocytes (PBLs) were measured.
All the measurements mentioned above were performed at 08:00 on the first and fourth days within
the test. Results indicated that the three-day BF therapy was capable of enhancing positive mood
states and also reducing negative mood states in the male participants. The blood pressure and heart
rates of the male participants decreased, while the peripheral oxygen saturation increased after the
three-day BF therapy session. Furthermore, BF therapy significantly increased NK activity and the
number of NK cells and perforin-, granulysin-, and granzyme A/B-expressing cells and significantly
decreased the corticosterone level in PBLs in the male participants. The three-day BF therapy session
improved the psychological and physiological well-being and enhanced the immune functions of the
male college students.

Keywords: bamboo forest therapy; psychological responses; physiological responses; immune system

1. Introduction

As urbanization progresses around the globe, many advantages of developed infrastructures and
artificialized urban environments might be closely related to negative health outcomes in modern
people [1]. However, given workplace limitations and the appeal of urban life, an increasing number
of people prefer to live in large cities rather than rural areas, especially college graduate students. This
trend is projected to continue and intensify [2]. As human society becomes increasingly urbanized,
various physiological and psychological diseases are caused by stress, thus affecting well-being
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and health [3]. Research has shown that high blood pressure (BP) costs the U.S. approximately
$48.6 billion per year and affects 1 in 3 Americans [4]. In China, the phenomenon of poor health
in urban populations is remarkable because the proportion of people with poor health is as high
as 76% [5]. College students have several health risk factors, including irregular sleep patterns,
personal relationship changes, over-drinking, and academic pressures, and they experience a large
amount of stress, anxiety, and depression [6]. Previous studies have shown that approximately 50%
of college students experience significant levels of stress, anxiety, or depression, or a combination of
these conditions [7]. Evidence has shown that people suffer pressure from the urban environment
psychologically and physiologically.

Air pollution, noise pollution, water pollution, work pressure, and other stresses related to
urban environments are increasingly compelling people to seek forms of stress relief and healthy
lifestyles [8,9]. Because of the negative environmental impacts in urban areas, research on the benefits
of immersion in the natural environment is important. The 16th century Swiss-German physician
Paracelsus declared the following: “The art of healing comes from nature, not from the physician” [10].
In most people, the relationship between survival and the natural environment is inseparable. Studies
have indicated that natural environments have the potential to improve the relationship between
stressful life events and psychological well-being and physical health [11–14].

An immersive forest experience known as ‘forest therapy’ has recently received widespread
attention as a novel form of psychological therapy for reducing stress and providing a feeling of
relaxation. Forest therapy is a fast-growing treatment approach [15], and researchers have sought to
improve the description and evaluation of the relationship between forests and human health [16].
Recent field studies on forest therapy have provided interesting scientific data supporting the hypothesis
that physiological indices, such as BP, pulse rate, heart rate variability [3,17], and salivary cortisol
concentration [18], were decreased after forest therapy. Moreover, compared with a city setting,
a forest therapy program led to a significant increase in parasympathetic nerve activity [19] and lower
sympathetic nerve activity [17]. Additionally, some research has shown that compared with the urban
environment, forest therapy was capable of enhancing positive mood states and reducing negative
mood states as specific psychological responses [20–23]. In addition, forest therapy trips resulted in
an increase in natural killer (NK) cell activity, which was mediated by increases in the number of
NK cells and the levels of intracellular granulysin, perforin, and granzymes A/B in peripheral blood
lymphocytes (PBLs) [24–26].

Bamboo is an important forest type in many countries, especially in East and Southeast Asia and
in African countries. It is a versatile and important component of the ecology, culture, and economy of
these countries [27,28]. Bamboo is a well-known and the most preferred plant in the Chinese landscape
design due to its unique beautiful foliage and fast-growing characteristics. However, to our knowledge,
the benefits of bamboo forest (BF) therapy on both psycho-physiological and immune system responses
have not been investigated experimentally. We hypothesized that BF therapy would also provide
benefits similar to those of forest therapy on psychophysiology and the immune system.

In the current research, we investigated the effectiveness of a BF therapy program on the
psychophysiology and immune system of a large sample of male college students through field
experiments with a one-group pretest–posttest design. The aim of the present study was to investigate
the benefits of a three-day BF therapy session on the psychophysiology and immune system of male
college students. Further, the mechanism of interactions between the nervous, endocrine and immune
systems in participants after bamboo forest therapy was discussed in the present study.

2. Materials and Methods

2.1. Subjects and Experimental Sites

All experimental sites used in this study were located in Sichuan Province in Southwest China. The
city site (CS) in Chengdu was located in the center of downtown. In Chengdu, the subjects could view
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urban buildings, cars, people and other urban elements. For the bamboo forest (BF) sites, a site located
near the city of Ya’an was selected. Ya’an is famous for pandas. The dominant forest species of the
selected site (and Sichuan Province) is Neosinocalamus affinis, a large species of cluster bamboo. The Yibin
site was located in Yibin City, which is well known for the Shunan Bamboo Sea, an AAAA-level scenic
area as denoted by the Chinese National Tourism Administration. The Shunan Bamboo Sea comprises
more than 12,000 ha of large Phyllostachys heterocycla. The Dujiangyan site was a bamboo park named
‘zhuhai dongtian’ covered with Phyllostachys praecox ‘Prevernalis’ in Dujiangyan City. The average
height of bamboo forest is 24.5 m and the average density is 600 tufts per hectare. Figure 1 shows
the locations of the four research study sites in Sichuan Province in our study, and Figure 2 shows
photographs of the four sites.

Figure 1. Sketch of experimental sites in the current study. (a) Sichuan Province in China and (b) the
four sites in Sichuan Province. The red points mark the downtown areas and the green points mark the
location of each site.
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Figure 2. Photographs of the studied sites. (a) The city site (CS) site was located at a crossroad in a
typical urban environment with cars, buildings, markets, hotels and companies. (b–d) The bamboo
forests sites.

In this study, 60 male college students from Sichuan Agricultural University participated in
three-day field experiments. None of the participants reported any physiological or psychiatric
disorders in their personal histories. Subjects who smoked or were alcoholic were excluded from this
study. Before the experiment, the goal and experimental procedures of the study were explained to the
participants, and their informed consent was obtained. This study was reviewed and approved by
the Ethics Committee of Sichuan Agricultural University. To control the background environmental
conditions, identical single rooms and similar meals were provided to each subject for the duration of
the study period. The subjects were randomly divided into four groups, and each group included
15 males. In addition, basic characteristics of the participants, such as the age, height and weight of
each subject, were measured. To avoid physiological differences, the systolic blood pressure (SBP),
diastolic blood pressure (DBP), heart rate (HR) and blood oxygen saturation levels of each participant
were measured. After collecting the basic data of the participants, analysis of variance was used for
the data comparison between the CS and BF experimental sites. The results showed no significant
differences between the CS and BF experimental sites in the subjects’ age, height, or weight. The results
are shown in Table 1.
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Table 1. Basic information of the sampling subjects at the CS and bamboo forest (BF) sites included
in this study. Body mass index (BMI) = weight (kg)/[height (m)]2. All data are presented as the
mean ± SEs. CS, city site; BF, bamboo forest sites.

Parameter CS BF

Sample No. (count) 15 45
Age (years) 21.6 ± 0.34 21.8 ± 0.25
Weight (kg) 65.5 ± 1.23 64.1 ± 0.82
Height (cm) 175.2 ± 0.50 174.6 ± 0.49

BMI (kg m−2) 21.3 ± 0.45 20.9 ± 0.24

Noise, air temperature, absolute illumination, relative humidity, radiant heat, negative air
ionization and wind velocity were measured at each experimental site. Compared with the city site,
the BF sites showed significant differences in temperature, relative humidity, radiant heat, noise,
absolute illumination and wind velocity (p < 0.05; Table 2).

Table 2. Comparison of the environmental factors of the two environmental sites. Data are presented
as the mean ± SEs. CS, city site; BF, bamboo forest sites.

Parameter CS BF

Temperature (◦C) 28.9 ± 0.26 22.9 ± 1.21
Relative humidity (%) 60.5 ± 2.53 81.1 ± 4.23

Radiant heat (◦C) 34.5 ± 0.73 23.1 ± 1.52
Noise (dB) 70.1 ± 0.68 45.6 ± 1.21

Absolute illumination (lux) 6585.7 ± 881 1578.3 ± 623.15
Wind velocity (m/s) 0.9 ± 0.19 0.2 ± 0.13

Negative air ionization (ions/cm3) 573.3 ±15.08 962.6 ± 38.97

2.2. Procedures

We chose September for this study, as it is a suitable month for outdoor travel. The weather
was sunny during the experimental period. On the afternoon of 19 September, the subjects were
divided into four groups. The groups arrived at the arranged hotels near the given experimental sites.
The experimental sites were flat areas where the experiment could be easily conducted. The hotels
were approximately 300 m from the experimental site. To prevent any effects on emotions, the subjects
were allowed to do as they wished in the hotel but were instructed to avoid strenuous exercise and
any stimulating activity in their hours of relaxation before sleeping. The experiments of the city site
(CS) and bamboo forest sites (BF) were carried out simultaneously. At 08:00 on 20 September 2017
(the first day), psychological and physiological data were taken and blood was sampled. After that,
15 male participants were taken to the city site (CS) and the others were taken to bamboo forest sites
(BF). In the next three days, the participants in BF experienced a three-day bamboo forest therapy
and the participants in CS were exposed to a city environment. All of the subjects were instructed to
remain at their experimental sites from 09:00 to 17:00 except for lunch time. At 8:00 on 23 September
2017 (the fourth day), psychological and physiological data were taken and blood was sampled
(see Figure 3).
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Figure 3. The itinerary for the subjects exposed to the bamboo or urban environment. T0: 19 September
2017; T1: 08:00 on 20 September 2017; T2: 20 September 2017 to 22 September 2017; T3: 08:00 on
23 September 2017.

2.3. Measurement

2.3.1. Psychological Indices

A subjective evaluation of mood was performed using the profile of mood state (POMS)
questionnaire. The POMS questionnaire is a well-established, analytically derived measure of
psychological distress, and its high levels of reliability and validity have been documented. The POMS
questionnaire that we used for the analysis was translated to Chinese by Zhu [29]. For this study,
the POMS questionnaire included 30 adjectives rated on a 0−4 scale (i.e., 0, not at all; 1, slightly; 2,
moderately; 3, substantially; 4, extremely) that could be consolidated into the following six effective
dimensions: tension and anxiety (T-A), depression (T-A), anger and hostility (A-H), fatigue (F),
confusion (C), and vigor (V). For T-A, D, A-H, F, and C, a lower score represents a better emotional
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condition. A higher score for V indicates a better emotional condition. The total mood disturbance
(TMD) score was calculated using the following Formula (1) [30], and a total of 120 copies of the POMS
questionnaires for the four sites provided the data in this study.

TMD score = (T−A) + (D) + (A−H) + (F) + (C) − (V) (1)

2.3.2. Physiological Indices

The physiological indices were measured six times for every participant—three times on the
first day and three time on the last day. SBP and DBP were measured with automated BP devices
(Omron HEM-7112 Comfort, Omron Health Care (China) Co., Ltd., Dalian, China). BP was measured
three times during the intervention, on the left arm with the participants resting in a seated position.
Peripheral oxygen saturation (SpO2) was measured with a pulse oximeter (Philips DB18, Philips
Medical (Suzhou) Co., Ltd., Suzhou, China) on the index finger of the left hand three times. HR was
measured with a single-channel electrocardiograph (Med-ECG-2301, Guangzhou Sanrui Electronic
Technology Co., Ltd., Guangzhou, China) three times.

2.3.3. Immune System Indices

Reagents: Roswell Park Memorial Institute (RPMI-1640) medium was purchased from HyClone
(Logan, UT, USA). Fetal bovine serum (FBS) was obtained from Clark Bioscience (Richmond, VA, USA).
NADI was purchased from Sigma (St. Louis, MO, USA), and nitrotetrazolium blue chloride (NBT) was
purchased from Biosharp (Hefei, China). Anti-CD3, anti-CD16, and anti-CD56 were purchased from
Biolegend (San Diego, CA, USA). The Human CORT ELISA KIT (XL-Eh0551), Human GNLY ELISA
KIT (XL-Eh1850), Human Gzms-A ELISA KIT (XL-Eh1375), Human Gzms-B ELISA KIT (XL-Eh1374),
and Human PF T ELISA KIT (XL-Eh0770) were purchased from Abcam (Cambridge, MA, USA).

2.3.4. Sample Preparation

Sterile fresh peripheral blood was collected from the study participants and then preserved at
−80 ◦C after adding heparin anticoagulant. Aseptic absorption of 1 mL of anticoagulant peripheral
blood was diluted and mixed with the same amount of culture medium. Then, 5 mL of Ficoll solution
was first added to a 15 mL centrifuge tube, and diluted blood was gently added to the upper Ficoll
layer of two centrifuge tubes. After centrifugation for 20 min at 2000 rpm, the cells at the junction
of the uppermost medium were carefully absorbed, and the separator was added to another aseptic
centrifuge tube. Then, 5 mL of PBS was added to the centrifuge tube and centrifuged for 10 min at
1500 rpm. The supernatant was removed and then added to the medium for the same cleaning progress.
Finally, the cells were divided into two parts—one for lactate dehydrogenase (LDH) detection and one
for flow cytometry staining.

2.3.5. LDH and Cell Number Detection

After resuscitation, passage and cryopreservation of K562 cells (K562 cells were the first human
immortalised myelogenous leukemia line to be established), K562 target cells in the logarithmic growth
period were centrifuged. The collected cells were washed three times with PBS and centrifuged for
5 min at 800 rpm. The cell density was set to 105 for further use. To regulate the concentration of
effector monocytes to 107, 100 μL of effector cells and target cells was added to a 96-well plate. Two
holes were arranged in each specimen, and the target cell natural release control group (target cell
K562 + 1640 medium) and maximum release control group (target cell K562 + NP-40) were prepared
at the same time. After incubation for 3 h, 0.1 mL of preheated LDH substrate solution was added,
followed by a light-avoiding reaction for 15 min at 37 ◦C and the addition of 30 μL of 1 mol/L citric
acid to the solution. The optical density (OD) value was read at a 570 nm wavelength, and NK activity
was calculated as follows: (experimental group OD value−natural group OD value)/(largest group
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OD value−natural group OD value). The cell numbers were determined by flow cytometry with the
default parameters.

2.3.6. ELISA Experiments

Biotin double antibody sandwich enzyme-linked immunosorbent assay (ELISA) was used to
determine the levels of corticosterone (CORT), granule lysin (GNLY), granzyme a (Gzms-a), granzyme
b (Gzms-B) and perforin (PF). Briefly, the samples to be checked were added to the enzyme-labeled
holes, which were precoated with CORT, GNLY, Gzms-A, Gzms-B and PF monoclonal antibody and
then incubated. The antibodies against CORT, GNLY, Gzms-A, Gzms-B and PF labeled with biotin
were added to bind to streptavidin-HRP to form an immune complex. After incubating and washing,
the unbound enzyme was removed, and then substrates A and B were added to generate a blue
product, which was converted to final yellow under the action of acid. The depth of color is positively
correlated with the concentration of each index in the sample.

Blood was sampled and NK activity was determined; the proportions of NK cells and the levels
of granulysin-, corticosterone-, perforin-, and granzyme A/B-expressing cells in PBLs were measured.
All measurements were made on the mornings of 20 September and 23 September 2017 at 08:00.
All blood samples were placed in an ice/water box at 4 ◦C, and assays were performed within four
hours of the blood draw.

2.4. Statistical Analysis

Because the variability between individuals in the physiological and immune system indices was
large, we did not compare the difference in the data between the BF sites and CS locations. Rather,
differences in all the data before and after each type of trip were compared in the present study. The BF
data were the average of the data from the Ya’an, Yibin and Dujiangyan sites. A paired t-test was used
to compare the data between pretest and posttest after the three-day bamboo forest therapy session.
The Statistical Package for Social Sciences software (v20.0, SPSS Inc., Chicago, IL, USA) was used for
all statistical analyses. All data are presented as the means ± standard errors (SEs), and differences
were considered significant at p < 0.05.

3. Results

3.1. Bamboo Forest Therapy Contributes to the Regulation of Psychological Responses

Scores of negative mood for T-A, D, F, C and A-H at the BF sites significantly decreased after the
bamboo forest program (p < 0.05; Figure 4a–e). No difference was found in the scores of negative mood
for T-A, D, F, C and A-H after the urban program. The scores of V mood significantly increased after
the BF program and significantly decreased after the urban program (Figure 4f). In addition, the TMD
scores significantly decreased after the bamboo forest program and significantly increased after the
urban program (Figure 4g).
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Figure 4. (a) tension-anxiety (T-A), (b) depression (D), (c) fatigue (F), (d) confusion (C), (e) anger-hostility
(A-H), (f) vigor (V), (g) total mood disturbance TMD. T-scores for tension-anxiety (T-A), depression (D),
anger-hostility (A-H), fatigue (F), confusion (C), vigor (V) and total mood disturbance TMD on the
profile of mood state (POMS) questionnaire after the bamboo forest and urban programs. A paired
t-test was used to compare the data between pretest and posttest after the three-day bamboo forest
therapy session. The data are presented as the mean ± SEs. * p < 0.05, significantly different data
between the pretest and posttest for the six mood parameters of the POMS questionnaire by paired t
test. CS (n = 15), city site; BF (n = 45), bamboo forest sites.

3.2. Bamboo Forest Therapy Decreases BP in Male College Students

SBP was significantly decreased after the three-day forest bamboo therapy (p < 0.05; Figure 5a).
At both the CS and BF sites, no significant difference was found between before and after the program
in the DBP, HR and SpO2 of male participants (Figure 5b–d). However, the average value of HR was
lower at the BF sites and higher at the CS than before the program, although the change was not
statistically significant (p > 0.05). The results indicated that bamboo forest therapy decreased BP in
male college students.

109



IJERPH 2019, 16, 4991

Figure 5. (a) systolic blood pressure (SBP), (b) diastolic blood pressure (DBP), (c) heart rate (HR),
(d) peripheral oxygen saturation (SpO2). Comparison of systolic blood pressure, diastolic blood
pressure, heart rate and peripheral oxygen saturation in participants after the bamboo forest and urban
program. A paired t-test was used to compare the data between pretest and posttest after the three-day
bamboo forest therapy session. The data are presented as the mean ± SEs. * p < 0.05, significantly
different data between the pretest and posttest for the physiological indices by paired t test. CS (n = 15),
city site; BF (n = 45), bamboo forest sites. SBP, systolic blood pressure; DBP, diastolic blood pressure;
HR, heart rate; SpO2, peripheral oxygen saturation.

3.3. Bamboo Forest Therapy Enhances the Immune Response in Male College Students

Compared with the pretest values, NK activity, the number of NK cells, and the levels of perforin,
granzyme A and granzyme B in the PBLs of participants were significantly increased after the BF
program (p< 0.05; Figure 6a–f). Corticosterone in PBLs was significantly decreased after the BF program
(Figure 6g). For the CS program, no significant difference was found in NK activity, the number of
NK cells, or the levels of perforin, granulysin, corticosterone, granzyme A and granzyme B in PBLs.
In addition, no significant difference was found in granulysin in PBLs with the BF program.
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Figure 6. (a) NK activity), (b) the number of NK cells, (c) perforin, (d) granulysin, (e) granzyme A,
(f) granzyme B, (g) corticosterone. Comparison of NK activity, the number of NK cells, perforin-,
granulysin-, granzyme A/B- and corticosterone-expressing cells in peripheral blood lymphocytes in
participants after the bamboo forest and urban programs. A paired t-test was used to compare the
data between pretest and posttest after the three-day bamboo forest therapy session. The data are
presented as the mean ± SEs. * p < 0.05, significantly different data between the pretest and posttest for
the parameters by paired t test. CS (n = 15), city site; BF (n = 45), bamboo forest sites.

4. Discussion

This study investigated the psychological, physiological and immune system effects of a three-day
BF therapy on male college students, as well as the difference in these effects before and after the
three-day BF therapy.
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The present study confirmed that the three-day therapy session in the BF enhanced positive mood
states and reduced negative mood states. A previous study reported that forest environments improve
psychological well-being [20,21]. Furthermore, the literature has also reported that forest therapy
can reduce negative psychological symptoms and increase positive mood states [3,23], which was
consistent with our results for the psychological response to BF therapy.

Physiological data from this field experiment showed that the SBP was significantly lower in
participants after a three-day BF therapy session. The DBP and HR exhibited the same trend as SBP,
but the change was not statistically significant. The SpO2 of participants was higher after the BF
program than before the program. However, no difference in physiological indices was found between
pretest and posttest with the urban program. Previous studies have also shown that the mean HR
was significantly lower when participants viewed a forest area than when they viewed an urban
area [23,31–33]. The present result on the physiological benefits of BF therapy is partly consistent
with the previous study. BP is one of the vital signs, along with respiratory rate, HR, SpO2, and body
temperature. Normal resting BP in an adult is approximately 120 mm of mercury systolic and 80 mm
of mercury diastolic. SpO2 is the fraction of oxygen-saturated hemoglobin relative to total hemoglobin
in blood. Normal blood oxygen levels in humans are considered 95%–100%. Given the probable
differences between individuals, the decrease in DBP and HR and the increase in SpO2 between the
pretest and posttest measurements were not statistically significant. However, despite these differences
between individuals, it seems that there is a relatively clear tendency showing the beneficial effects of
BF therapy sessions compared with urban environment sessions on the physiological response of male
college students.

The present study provided evidence for strengthening of the immune system in male college
students after a three-day BF therapy session. The results of a paired t-test comparing the pretest
and posttest conditions showed a significant increase in NK activity, the number of NK cells, and the
levels of perforin and granzymes A/B in lymphocytes and a significant decrease in corticosterone in
the blood samples. Recent field studies on forest bathing have provided interesting scientific data
indicating that forest bathing trips significantly increased NK activity, the number of NK cells, and the
levels of perforin, granulysin, and granzymes A/B in PBLs, and the increased NK activity lasted for
more than 7 days after the trip [24–26]. Other studies have shown that participants in a two-day forest
therapy session showed a significantly larger increase in NK cell activity than participants in the control
group [34]. In addition, a forest bathing trip can increase NK activity, and this effect is at least partially
mediated by increasing the number of NK cells and by the induction of intracellular anticancer proteins.
However, no significant difference was found between pretest and posttest in the urban program in
NK activity, the number of NK cells, the levels of granulysin, perforin, granzymes A/B in lymphocytes,
or corticosterone levels. NK cells are a sub-population of lymphocytes that are able to recognize and
lyse a wide variety of target cells [35]. NK cells are recognized as a separate lymphocyte lineage, with
both cytotoxicity and cytokine-producing effector functions [36]. Recent studies continue to confirm
the importance of NK cells for host resistance, particularly against tumor metastasis [37] and against
infection by certain viruses [38]. One mechanism for NK cells to induce tumor- or virus-infected target
cell death involves granule exocytosis, with the direct release of cytolytic granules containing perforin,
granzymes and granulysin that kill target cells via apoptosis [39]. The increase in the number of NK
cells and perforin-, granulysin-, and granzyme A/B-expressing cells in PBLs represents benefits for
humans [24]. Therefore, bamboo forest therapy enhances the immune function of male college students
by increasing NK activity, the number of NK cells and the levels of intracellular granulysin, perforin,
and granzymes A/B in PBLs.

BF therapy can improve the psychological and physiological well-being and enhance the
immune functions of male college students. However, the mechanism underlying the benefits
to the psycho-physiological and immune systems after BF therapy is unclear.

First, according to biophilia and human evolutionary theories [40,41], the result may be partly
explained by the fact that humans have spent many thousands of years adapting to the natural
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environment and possess an innate tendency to seek connections with the natural environment and other
forms of life. According to Kaplan’s [42] “Attention restoration theory,” an environment that possesses
a restorative effect requires four properties: being away, fascination, extent, and compatibility [33].
Consequently, Kaplan argued that natural environments are ideal places to restore diminished
attentional capacity and provide these elements. In accordance with these theories, a BF is a restorative
environment that may improve the psychological and physiological well-being of people.

Second, aromatic volatile substances (phytoncides) extracted from trees may play an important
role in the recovery of the immune system. Many studies have shown the meaningful physiological
effects of a forest atmosphere on people [17,43,44]. In addition, floral scents can improve mood
states and may lead to improvements in emotional health, depression, and memory disorders [45].
These effects are believed to be achieved by inhaling the forest atmosphere, which includes various
phytochemicals mainly produced by trees. Li et al. measured NK activity, the percentages of NK
and T-cells, and the levels of granulysin-, perforin-, and granzyme A/B-expressing lymphocytes in
the blood of participants who were exposed to a room containing many phytoncides produced by
vaporizing Chamaecyparis obtusa (hinoki cypress) stem oil [46]. Phytoncides, such as α-pinene, β-pinene,
β-cadinene, and limonene, were detected in the hotel room air during the experiment. The results
showed that phytoncides from trees can increase NK activity, the number of NK cells, and the
expression of intracellular perforin and granzyme A/B in male subjects. In addition, essential oils
derived from various plants have neuroprotective effects against neurodegenerative conditions in vivo
and in vitro [47]. Other studies have also shown that alcohols, acids, alkanes, phenols, and ketones are
the main aromatic volatile substances in the BF environment [48,49]. Therefore, phytoncides in BF
air may partially contribute to the increased NK activity, the number of NK cells, and expression of
intracellular perforin and granzyme A/B in subjects after a three-day BF therapy session.

Third, in addition to the phytoncides, the physical environments at BF sites that differ from the
environment at the CS may affect the benefits in participants who experienced a three-day therapy
program. A beneficial environment such as a forest, which should include diverse vegetation and
ecological components, helps improve the effect of a psychotherapeutic intervention [50,51]. In addition,
a five-senses experience from walking or staying in a forest was reported to relieve stress and thus yield
health benefits [43]. Additionally, there has been little research on the effects of physical environments
on the immune system. Exposure to high concentrations of atmospheric particulate matter, noise and
ultraviolet light for a long time is not beneficial for the immune system of humans. However, the urban
environment possesses characteristics that are unnatural, unhealthy, uncomfortable, too bright and
noisy [19]. In the present study, the absolute illumination at the BF site was significantly lower than
that at the CS location. The temperature at the BF site was close to 25 ◦C, which is a more suitable
temperature for humans than the temperatures at the CS location. The noise level at the BF sites was
significantly lower than that at the CS location. Based on our field investigation, the environment at
the BF sites was significantly different from that at the CS location in terms of absolute illumination,
temperature, noise and negative air ionization. Therefore, the physical environments in the BF may
induce psycho-physiological relaxation and immune system recovery.

Fourth, the cultural conceptions about bamboo may be an explanation for the positive effects on
psychological and physiological responses after a three-day BF therapy session. Mental health and
culture are intertwined, and culture is a great determinant of mental well-being and psycho-pathological
state. Culture also influences the cause, perception, symptomatology, course, health-seeking behavior
and treatment of mental illness [52]. Studies have demonstrated that adaptation to culturally
characterized visual environments may lead to distinct patterns of perception [53]. Bamboo culture has
a long history and is well known in East and Southeast Asia and in African countries. Bamboo-derived
objects are prevalent among people living in bamboo-growing areas, and people have developed a
special attachment to bamboo, which has developed into a bamboo culture. In our study, participants
who viewed the landscape of BF presented positive patterns of perception that were influenced by
bamboo culture.
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Evidence-based research has clarified the benefits of forest therapy on psychophysiology and
the immune system. However, the mechanism underlying the benefits in participants after a
three-day bamboo forest therapy were not clear. Actually, there are complex interactions and
exchanges of biologically active molecules between the nervous, endocrine and immune systems.
Pathways between the brain and the immune system are bidirectional [54]. Two pathways link the
brain and the immune system: the autonomic nervous system and neuroendocrine outflow via the
pituitary. The central nervous system (CNS) can communicate with the immune system following
activation of the hypothalamic–pituitary–adrenal (HPA) axis and the sympathetic nervous system (SNS).
All immunoregulatory processes take place within a neuroendocrine environment that is sensitive to
the influence of the individual’s perception of and response to events in the external world. Because
lymphocytes bear receptors for various hormones and neuropeptides, the cellular interactions that
mediate humoral and cellular immune responses can be modulated by the neuroendocrine environment
in which these immune responses occur. In addition, a striking example of CNS involvement in the
modulation of immunity is the Pavlovian response, which is a classical conditioning of antibody- and
cell-mediated immune responses [55]. Therefore, the interactions between the nervous, endocrine and
immune systems could explain the psychophysiology and the immune system responses in participants
after a three-day BF therapy session (Figure 7).

 

Figure 7. The mechanism of interactions between the nervous, endocrine and immune systems in
participants after a three-day bamboo forest therapy.

Participants were stimulated by the BF environment both psychologically and physiologically.
First, the CNS, including the brainstem, had increased parasympathetic nerve activity and suppressed
sympathetic nerve activity by neuropeptides after the stimulus of BF therapy [32,56]. The effects on the
parasympathetic nervous system could include a reduction in HR, improvements in heart rate variability
and baroreflex sensitivity parameters, changes in cytokine expression, or other electrophysiological or
central modulations [57]. For forest stimuli, the resulting elevated parasympathetic nervous activity,
which is usually observed under conditions of relaxation, indicates that forest bathing may facilitate
physiological relaxation [56,58]. In the present study, the decrease in BP, HR, and score of negative
mood state may be caused by the activity of the parasympathetic nervous system. The parasympathetic
nervous system is also associated with decreases in blood levels of adrenaline, noradrenaline and
corticosterone via hormones secreted from the pituitary gland [54]. The levels of corticosterone in PBLs
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were significantly lower after the three-day BF therapy session but not after the urban program in this
study. Forest bathing trips were shown to significantly decrease urine adrenaline and noradrenaline
concentrations in males with lower stress [59]. Alternatively, neuroendocrine factors may modulate
the immune response indirectly by affecting the production of lymphokines and monokines [60].
Reports indicated that adrenaline and noradrenaline inhibit human NK activity [61,62]. In addition,
physical and/or psychological stress decreases NK activity, NK receptor levels, and mRNA transcription
levels of granzymes and perforin in mice [63]. Additionally, psychological states are related to the
immune system, such that a good psychological condition in participants enhances immunity [64].
Therefore, the improvement in the immune system may be caused by a decrease in adrenaline and
noradrenaline concentrations and a positive psychological condition. The increase in parasympathetic
nerve activity after a three-day BF therapy session resulted in low levels of adrenaline and noradrenaline
and psychological and physiological relaxation. In the urban program, no significant difference in
psychophysiological and immune system responses was found between pretest and posttest data
in participants.

5. Conclusions

A three-day BF therapy session was capable of enhancing positive mood states and reducing
negative mood states in male college students. The BP and HR of male college students were decreased,
and SpO2 was increased after a three-day BF therapy session. BF therapy significantly increased NK
activity, the number of NK cells, and the levels of perforin, granulysin, and granzymes A/B in PBLs in
male college students. In summary, a three-day BF therapy session can improve the psychological
and physiological well-being and enhance the immune functions of male college students. First,
the stimulation of BF therapy increased parasympathetic nerve activity and suppressed sympathetic
nerve activity in participants. Then, the concentrations of adrenaline, noradrenaline and corticosterone
in the PBLs of participants and stress were reduced after the increase in parasympathetic nerve activity.
Finally, a decrease in adrenaline and noradrenaline concentrations and a positive effect on psychology
may lead to an increase in NK activity, the number of NK cells, and the levels of perforin, granulysin,
and granzymes A/B in PBL.

This study is the first to research the benefits of a three-day bamboo forest therapy session on the
psychophysiology and immune system responses of male college students. We gave an explanation of
the mechanism underlying the benefits in humans and the interactions between the nervous, endocrine
and immune systems in participants after a three-day bamboo forest therapy. However, the study has
limitations. A small sample size may be the limitation for the data statistics. Individual differences are
also a difficult problem to address. While the benefits of bamboo forest therapy to college students
was obvious, aromatic volatile substances (phytoncides) extracted from bamboo forests should be
tested. The inclusion of a larger number of participants in this experiment would have produced more
scientific and objective results. Further studies with larger samples, including subjects with illnesses
such as cardiovascular disease, hypertension and cancer, are warranted.
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Abstract: A growing body of evidence from observational and experimental studies shows the
associations between exposure to urban green spaces (UGSs) and mental health outcomes. Little is
known about which specific features of UGS that might be the most beneficial. In addition, there is
potential in utilizing objective physiological markers of mental health, such as assessing brain activity,
but the subject requires further investigation. This paper presents the preliminary findings from an
on-going within-subject experiment where adult participants (n = 22; 13 females) were passively
exposed to six landscape scenes within two UGSs (a park and a neighborhood green space) and three
scenes of a busy urban downtown (control site). The landscape scenes were pre-selected based on
their contemplative landscape score (CLS) to represent different levels of aggregation of contemplative
features within each view. Participants went to each of the sites in a random order to passively view
the scenes, while their electroencephalography (EEG) signal was being recorded concurrently. Frontal
alpha asymmetry (FAA) values, commonly associated with the approach-related motivation and
positive emotions, were extracted. The preliminary results show trends for the main effect of site on
FAA, suggestive of stronger FAA in park compared to the control site, akin to more positive mood.
There was also a trend for the interaction between the site and scene, which suggests that even within
the individual sites, there is variability depending on the specific scene. Adjusting for environmental
covariate strengthened these effects, these interim findings are promising in supporting the study
hypothesis and suggest that exposure to urban green spaces may be linked to mental health outcomes.

Keywords: urban; landscape; brain; visual; green; contemplative; mental health; well-being; FAA;
EEG; UGS; depression

1. Introduction

Environmental exposures are a sum of all sensory stimuli we receive along the life cycle, closely
intertwined with our mental health and well-being (MH&WB) [1,2]. As visual stimuli provide the
most information about the environment around us [3], the visual quality of scenes we are exposed to
seems worth investigating. This is even more so if we consider a rapidly urbanizing world where most
people already live in cities [4].
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Urbanized areas are characterized by the concentration of built elements and infrastructure,
crowdedness, noise and pollution. Visually, the urbanized environment is highly transformed from
its natural manifestation. Potential negative effects of the urban visual exposures on MH&WB have
been already noted by Sir Fredrick Law Olmsted, the front runner of American sanitary reform in
early XIX century, known as the Father of Landscape Architecture: “A man’s eyes cannot be as much
occupied as they are in large cities by artificial things . . . without harmful effect, first on his mental and
nervous system and ultimately on his entire constitutional organization” [5]. Recent meta-analysis
seems to confirm these words with scientific evidence, demonstrating the 38% higher prevalence rate
of mental health disorders in urban when compared to rural areas, with mood disorders, such as major
depressive disorder (MDD) causing a major burden [6,7].

Therefore, urban green spaces (UGSs) play a major role in mitigating the negative effects of urban
environment exposures on MH&WB. There is an established consensus among researchers that contact
with natural environments has beneficial influence on MH&WB of people [8–16]. However, most
studies are based on a vague comparison between “urban” versus “nature” exposure, while more
specific elements and attributes of UGS, and their composition have not been, to date, identified.
Moreover, the knowledge in this area is based mostly on the correlational analyses, and more rigorous
experimental approached are needed to examine causal relationships between specific environmental
features and mental health that will form the basis of future urban landscape design. There is a
need to identify which specific types of the natural environments found in cities have the most
beneficial effects on people’s MH&WB. Moreover, there is a need to assess these effects through
rigorous experimental designs, with the use of objective tools and objective markers of mental health
in order to examine causality.

1.1. Frontal Alpha Asymmetry and Mental Health

FAA is one of the most studied brainwave patterns that is an objective measure of current mood.
It is associated with an increased alpha power in the right frontal lobe when compared to the left. As in
brain science more alpha power indicates less activation, FAA can be also referred to as decreased
activation of the right frontal lobe when compared to the left. According to the approach-withdrawal
hypothesis [17] FAA is associated with the appetitive motivational system towards the perceived
stimulus and positive emotions (e.g., happiness and calmness), while the pattern opposite to FAA is
associated with aversive behavior and negative emotions (e.g., fear and sadness), and withdrawal in
relation to the perceived stimulus. The latter had been observed in patients with depression [17–21]
and comorbid anxiety [22,23] in multiple studies, and therefore recognized as a potential marker for
depression [24]. The therapeutic value of inducing FAA in the brain of depressed patients, sometimes
known as “alpha asymmetry training”, has been demonstrated in multiple clinical studies [25–27]. We
argue that passive environmental exposures, depending on their features, can induce either a pattern
of brain activity associated with positive emotions and approach or the aversive pattern. Being able
to identify urban settings and scenes inducing the FAA, and estimate the size of their therapeutic
effect, can contribute to establishing new, cost-effective, widely accessible approaches to self-care and
mental healthcare promotion. Such approaches have the potential to become a new self-care practice
for diagnosed patients, and also of public health benefit in preventive care for urban dwellers at risk of
mental health issues or who are looking for a mental health improvement regime.

1.2. Scope

Previous studies on the role of UGS on MH&WB have several limitations—including the lack of
reliable physiological biomarkers and tools that can be deployed for an outdoor environment. For
example, a relatively inexpensive and highly portable electroencephalography (EEG) apparatus, Emotiv
EPOC has been used previously but its reliability is questionable due to high noise-sensitivity and
generally poor performance [28]. Furthermore, previous studies did not attempt to establish causality
between the actual exposure and MH&WB outcomes, but focused on correlational relationships [29–31].
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In this study, we leveraged on the technological advances in neuroscience by using a non-invasive,
portable yet reliable brain scanning equipment. We considered the passive exposure to the views as the
most common and the most accessible type of interaction with the surrounding space. Additionally,
in this preliminary phase we tested the passive exposures in situ, when immersed in actual outdoor
spaces to ensure the ecological validity, rather than pictorial representations in the laboratory setting.
The aim of the current study was to examine the effects of exposure to UGS with varying visual quality,
on the pattern of brain activity recorded using EEG neuro-imaging. Data collection is ongoing. It is
anticipated that the results of this study will provide novel information on the effects of the features of
urban spaces on mood and will inform future intervention and prevention programs.

2. Materials and Methods

2.1. Participants

This is an on-going study and the results presented here are based on a sub-sample of 22 healthy
volunteers (13 female, age M = 32.9, SD = 12.7) from Singapore. Participants were of Chinese (73%),
Indian (5%) and other (22%) ethnicities. The full sample on completion will comprise n = 100. The
inclusion criteria were: age between 21 and 75 years old, right-handed, no serious visual impairment,
no pacemaker or recent otologic surgery and willing to commit to the full study period of three outdoor
sessions. Participants were reimbursed with S$50 worth vouchers after completion of the sessions.
One participant did not complete the experiment, without providing a reason, and therefore was not
included in the analyzed sample. The study was granted NUS Ethical Committee’s approval (ref#:
S-18-352).

2.2. Sites and Scenes Selection

The selected sites are two UGS in Singapore (an urban park and a neighborhood green space),
and one busy urban street (control) characterized by negligible greenery. Geographically, Singapore
is located near the equator and has tropical climate with abundant rainfall (14 rainfall days per
month), high and uniform temperatures and humidity all year round (28 ◦C, 70% Rh on average).
Meteorological variables do not show large month to month variability and diurnal variations are
strongly influenced by solar radiation [32].

Within each site, participants were exposed to three different landscape scenes with different
landscape quality values and features within the view. Each of the scenes was previously annotated
by four landscape architecture experts using the contemplative landscape model (CLM) and a mean
was used to score each scene [33]. CLM is an expert-based instrument to assess level of aggregation
of contemplative components of any given UGS within the viewing angle from the ground. There
are seven key-components (and 36 possible subcomponents) of the CLM: landscape layers, landform,
vegetation, color and light, compatibility, archetypal elements and character of peace and silence, each to
be scored on a 1–6 Likert scale, which ranged from low to high aggregation level per component [33,34].
Higher scores were considered more contemplative. The most contemplative landscapes are considered
to be soothing, restorative environments, which are inviting to rest, promote contact with nature,
self-reflection and reorientation of one-self within a larger order [35,36]. Photographs of the selected
scenes as well as their CL scores are presented in Figure 1.

2.3. Assessment of Participant’s Depression

In order to control for depressive symptoms we utilized Beck Depression Inventory II (BDI), a
21-item self-reported multiple choice inventory, widely used as an indicator of severity of depression
(81% of sensitivity and 92% specificity) [37].
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Figure 1. Selected sites and scenes, with contemplative landscape score between 1 and 6 points for
each scene.

2.4. Procedure

Data was collected between March and May 2019, during morning or late afternoon hours of the
working week. Experimental sessions were scheduled individually, during one session there was one
site with three scenes visited (order randomized [38]). Participants were blinded, to the hypothesis.
Participants completed the self-reported Profile of Mood States questionnaire (POMS [39]) before and
after each experimental session. Following that, they were seated on a chair facing the selected scene
and EEG apparatus, V-amp 16-channel amplifier with dry active electrodes (Brain Products GmbH,
Munich, Germany), was installed on their head. The participants were first instructed to put on the
white mask blocking the view and then to relax, while equipment was calibrated and raw signal
recording was initiated. After 1 min recording of the resting state with the mask on, the participants
were asked to remove the mask and passively observe the landscape scene before them for another
1 min. Once this was completed, the 1 min resting state with mask on and 1 min scene watching was
repeated for the same scene. This process was repeated for all the three scenes. Scenes locations as well
as walking areas were selected in shaded areas to avoid excessive sun exposure. After the recording for
all the three scenes were over, the participant completed the post- measurement POMS questionnaire.
The duration of each session took between 30 and 45 min. Participants were allowed to drink water
between the scenes but not to eat. Environmental variables (temperature, humidity, brightness and
noise) were recorded with 4-in-1 environment meter (CEM, DT-8820) at each scene for each participant
to control for confounding variables. The procedure on the day of testing is described in Figure 2.
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Figure 2. Setup and procedure: (a) participant viewing the scene in S2_3, (b) participant during
resting state in S3_1, (c) participant walking between the scenes in Site 1 and (d) steps of the in-situ
experimental protocol.

2.5. EEG Data Processing

The EEG signal was processed offline using the Brain Analyzer 2 software (Brain Products GmbH,
Munich, Germany). The raw signal had a 500 Hz sampling rate, with 2000 μS sampling interval, and
was filtered with the high cutoff 40 Hz and 50 Hz notch filter. Channels were referenced according to
the 10–20 international system and the visual inspection was performed to evaluate the signal quality,
noisy or missing channels. Topographic interpolation of noisy or lost channels was performed where
necessary, and ocular movements were corrected using the Independent Component Analysis (ICA)
ocular correction function. Later, the 60 s long segments for both baseline and viewing conditions were
extracted and non-complex fast Fourier transformation was performed on both segments. Further, the
frequencies from two segments were averaged, and the alpha power (8–13 Hz) values for each electrode
was extracted. The exported viewing data was then corrected for the baseline (viewing-baseline), and
alpha power values for the left and right frontal regions were computed (Left = AFp1 + AFF5h + F7;
Right = AFp2 + AFF6h + F8) [17,22]. Positive FAA values are indicative of more alpha power on the
right frontal hemisphere as compared to left and negative of more alpha power on the left frontal
hemisphere compared to the right. Higher values indicate higher FAA and are a marker of positive
approach motivation as opposed to the withdrawal.

3. Statistical Analysis

A repeated measures general linear model (3 × 3) was used to test the main effect of site and the
interaction between the site and the view on FAA. Unadjusted post-hoc comparisons were conducted
to investigate specific group differences. In addition, to examine whether the landscape score (CLS)
predicts FAA independently of the experimental condition, we used a linear regression model with
bootstrapped 95% confidence intervals (CI), with 1000 samples and bias corrected accelerated CIs. For
this purpose, CLS from the control condition were dummy coded and assigned a score of 1, while
the raw CLS from the experimental conditions remained unchanged. As external conditions may
impact the quality of exposure, data were re-analyzed after adjusting for Thom’s discomfort index
(TDI), which is a good summary measure of the external conditions [40]. Due to the small sample size
it was not viable to control for additional environmental measures such as temperature or humidity.
As the sensitivity analysis, all tests were repeated after adjusting for BDI and the results remained
unchanged (not presented). Analyses were also adjusted for participant gender, and although the
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results did not change, there were some non-significant indications of potential gender differences in
the responsiveness to the experimental manipulation (not reported here). Dependent subjects t-test was
used to compare the before and after POMS scores. Analyses were conducted in IBM SPSS v.23 (IBM
corp., Armonk, NY, USA) and the alpha level of 0.05 was used as an indicator of statistical significance.

4. Results

4.1. Sample Characteristics

Sample characteristics, including selected environmental metrics, are described in Table 1.

Table 1. Sample characteristics (mean, SD or #).

Variable Participants in Preliminary Phase (n = 22)

Age M = 32.9 (SD = 12.7)

Gender

Male 9 (41%)
Ethnicity

Chinese 16 (73%)
Indian 1 (5%)
Others 5 (22%)

Education

Tertiary 20 (91%)
Secondary 2 (9%)

Profile of Nature Exposure [41]
High (92%–100%) 0

Versatile (70%–91%) 3 (14%)
Unilateral (32%–69%) 19 (86%)
Average (19%–31%) 0

Low (0%–19%) 0
Beck Depression Inventory-II

Low (1–16 pt.) 19 (86%)
Moderate (17–30 pt.) 3 (14%)

Significant (31–>40 pt.) 0
Inter-session break M = 11 days (SD = 13 days)

Site 1 Site 2 Site 3

Temperature (◦C) M = 29.38 (SD = 0.63) M = 27.73 (SD = 0.50) M = 28.09 (SD = 0.62)
Humidity (%Rh) M = 69.42 (SD = 0.62) M = 72.13 (SD = 1.37) M = 68.01 (SD = 0.30)

TDI M = 26.76 (SD = 0.49) M = 25.79 (SD = 0.41) M = 26.52 (SD = 0.54)

Notes: Interpretation of TDI values—<21—no discomfort; 21–24—less than half population feels discomfort;
25–27—more than half population feels discomfort; 28–29—most population feels discomfort and deterioration of
psychophysical conditions; 30–32—the whole population feels a heavy discomfort; >32—sanitary emergency due to
the very strong discomfort, which may cause heatstroke.

4.2. Differences between the Sites and Views

Sphericity assumption was violated for the main effect and the interaction (p< 0.05), so multivariate
tests (Pillai’s trace) were reported alongside the within-subject effects, with degrees of freedom corrected
using Greenhouse–Geisser estimates of sphericity.

The multivariate effects showed a non-significant trend for the main effect of site (F(2, 15) =
3.04, p = 0.078), which was attenuated in the within-subjects tests (F(1.17, 18.77) = 1.37, p = 0.26).
After adjusting for TDI, the multivariate tests showed a significant main effect of site (F(2,12) = 5.14,
p = 0.024), which was slightly attenuated in the within-subjects tests (F(1.15, 14.95 = 3.25, p = 0.087).

The highest mean FAA were recorded in Site 1 (urban park), and the lowest in Site 3 (urban street)
and these are depicted in Figure 3a. Site 1 did not differ from Site 2 (neighborhood green space; p = 0.61)
or Site 3 (p = 0.20), but Site 2 was significantly different from Site 3 (p = 0.023).
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Figure 3. Differences in mean values of frontal alpha asymmetry (FAA) across participants passively
viewing the landscapes: (a) within 3 sites (Site 1—Urban Park, Site 2—Residential Green and Site
3—Control (Busy Downtown) and (b) exposed to nine different scenes of these sites (S1_1, S1_2, S1_3,
S2_1, S2_2, S2_3, S3_1, S3_2 and S3_3; * p < 0.05; ** p < 0.1).

The multivariate tests showed a non-significant trend for the interaction between the site and the
view (F(4, 13) = 2.57, p = 0.088), which was not present in the within-subjects tests (F(1.48, 23.63) = 0.36,
p = 0.64). These trends were further attenuated after adjusting for TDI in multivariate tests (F(4,10) =
1.84, p = 0.20) and though within-subjects comparisons showed significant interaction between the
site and the view (F(1.67, 21.69 = 5.42, p = 0.016). The mean FAA across the sites and the views are
summarized in Figure 3b.

Independently of the site, there was a non-significant weak positive association between the CLS
and FAA (β = 0.10, p = 0.16), and adjusting for TDI did not influence that association (β = 0.10, p = 0.17).

In addition, there were no POMS changes before and after the exposure in Site 1 (p > 0.05) and Site
2 (>0.05). However, the total mood disturbance seemed to increase from before to after the exposure in
the control group (t = −2.0, p = 0.06).

5. Discussion

This study examined FAA among participants exposed to UGS varying in visual quality. The
preliminary results presented here show non-significant trends suggesting that passive visual exposure
to certain UGS might be linked with higher alpha power in the right frontal lobes as compared to
the left, compared to exposure to other UGS views for example landscapes in the residential areas.
Moreover, same participants showed reverse pattern of brain activity (more alpha on the left compared
to right lobe) when exposed to the busy street environment in high-density downtown with negligible
greenery. Importantly, there was a trend for a non-significant interaction between the site and the
view type, suggesting that even within the individual sites, there may be a heterogeneous response to
different views and some scenes may induce more or less FAA response than others (Figure 3b). This
finding informed a post-hoc hypothesis that, independently of the site, views with higher CLS might
invoke higher FAA. We subsequently tested this assumption and the results showed a non-significant
positive trend between CLS and FAA, suggesting that even within the residential areas, views with
higher CLS might be beneficial for FAA, which might provide important information when planning
the landscapes of residential areas in the future. After adjusting for environmental conditions, we
observed stronger effects, which suggests that not controlling for the weather conditions, especially in
countries with strong temperature and humidity variability might constitute a serious confounding
factor in these types of experiments.

These preliminary findings support previous research findings suggesting that quality of green
exposure can play a more important role than the quantity or accessibility of UGS for the MH&WB
outcomes [29,42] and build on the previous research by providing evidence for an objective improvement
in brain pattern activity typically associated with positive mood/affect. Nevertheless, this is the
first study to demonstrate that in-situ exposure to a contemplative space can elicit FAA. Previous
experimental studies on FAA were, to our best knowledge, conducted only in the indoor laboratory
environment, and demonstrated greater FAA in the brain of healthy control as compared to depressed
patients [17–24]. Studies also show that besides the withdrawal tendencies associated with depression,
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FAA can be a marker of the positive and negative affects. For example, Davidson and colleagues [43],
examined brainwaves of participants watching and evaluating television shows. Positively rated TV
scenes were associated with greater relative left-hemispheric alpha frontal activation, while negatively
rated scenes were associated with greater relative right-hemispheric frontal activation. Interestingly,
previous within-subjects study on the brain response to contemplative landscape videos, conducted
indoors, did not find FAA differences between contemplative and non-contemplative landscape
exposure [44]. As for the previous experiments conducted outdoors, they did not examine the FAA
patterns, but demonstrated that green urban spaces (often described as nature) triggered improved
mood, emotional regulation, recovery from stress and mental fatigue as compared to exposure to space
often defined as urban [45–47]. In our study we did not observe improved mood (as measured with
POMS) between before and after the exposures in both green urban sites. However, we did observe
decreased mood in the busy urban street site. This suggests that FAA may be a more accurate predictor
of positive MH&WB outcomes caused by the urban landscape exposures, than the self-reported mood
questionnaire such as POMS. Alternatively, it is plausible that these two measures capture different
aspects of mood, which should be explored in future research. Moreover, the in-situ EEG measurement
besides having more ecological validity, may also be more sensitive to differences in FAA, as compared
to indoor lab exposures.

Future research will examine the differences in brain oscillations between indoor and outdoor
exposure to contemplative and non-contemplative landscapes, including in the sample patients with
diagnosed depression. We will also run the dose-response analysis, which will evaluate the optimal
exposure time for the best MH&WB outcomes.

The strength of this study was a well-controlled experimental design with multiple conditions
and objective physiological measures. The main limitation of the study was the small sample size
at this preliminary stage, as the data collection was still ongoing. There also was a possibility of
bias regarding the outlying FAA values, noticeable through the values of standard deviation varying
between Site 1 and Site 2 and 3. However, the bias risk was mitigated by a within-subjects design, as
each participant went through the same data collecting procedure in three different environments and
to remain conservative all FAA values were adjusted for baseline.

6. Conclusions

On completion, the results of this study will provide a basis for prevention and interventions that
target mental health outcomes and will be used as guidelines for designing UGS that are optimal for
mental health promotion.
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