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Abstract
Contact with nature is widely considered to ameliorate psychological 
stress, but the empirical support for a causal link is limited. We conducted 
a systematic review to synthesize and critically assess the evidence. Six 
electronic databases were searched. Twenty-six studies evaluated the 
difference between the effect of natural environments and that of a suitable 
control on the acute psychophysiological stress response. Eighteen studies 
were rated as being of moderate quality, four studies of low quality, and four 
studies of high quality. Meta-analyses indicated that seated relaxation (g = .5, 
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p = .06) and walking (g = .3, p = .02) in natural environments enhanced 
heart rate variability more than the same activities in control conditions. 
Cortisol concentration measures were inconsistent. While intuitively and 
theoretically sound, the empirical support for acute stress-reducing effects 
of immersion in natural environments is tentative due to small sample sizes 
and methodological weaknesses in the studies. We provide guidelines for 
future research.

Keywords
biomarker, green exercise, mental health, relaxation, restorative environments, 
social ecology/human ecology

While factors that increase the risk of mental disorders are multifarious and 
complex (Tost, Champagne, & Meyer-Lindenberg, 2015), contact with nature 
has been suggested to ameliorate chronic stress and improve mental health 
(Hartig, Mitchell, de Vries, & Frumkin, 2014; Tost et al., 2015). Cumulative 
exposure to events or environments perceived as stressful is suggested to 
over-activate neurobiological responses that are normally activated during 
adaptation to a threat. These responses are essential and generally protective, 
but when activated repeatedly under circumstances of chronic or overwhelm-
ing adversity, they can become pathogenic (Lupien, McEwen, Gunnar, & 
Heim, 2009; Shonkoff, Boyce, & McEwen, 2009). The phenomenon is some-
times referred to as allostatic load (McEwen, 1998) and is linked to a wide 
array of physical and mental health impairments, as well as physiological and 
emotional dysregulation (Lupien et  al., 2009; Shonkoff et  al., 2009). 
Restoration through contact with nature has frequently been mentioned as a 
theoretically plausible pathway to improve mental health (Hartig, 2008; 
Hartig et al., 2014; Maller, Townsend, Pryor, Brown, & St. Leger, 2006; Tost 
et al., 2015). However, the empirical support for the effects of contact with 
nature on psychological stress remains unclear due to a scarcity of well-con-
trolled studies (Tost et al., 2015).

Research Background and Hypotheses

We performed a systematic review and meta-analysis to quantitatively syn-
thesize and critically assess the existing research literature investigating the 
effects of immersion in natural environments on psychophysiological stress 
response indicators. This review focuses on acute psychological stress 
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response, measured by psychophysiological indicators, and not on the 
physiological dysregulation of other systems (e.g., cardiovascular or 
immune), caused by accumulated or chronic stress (i.e., allostatic load). In 
the following, we refer to the acute psychological stress response simply as 
the “stress response.”

The Promise and Challenge of Psychophysiological Measures

While stress response may be investigated using self-report measures or a 
mix of methods, we focused on psychophysiological measures for two rea-
sons. First, psychophysiological measures are not influenced by response 
bias stemming, for example, from biophilic enculturation. Second, psy-
chophysiological measures merit attention because they are vulnerable to 
specific methodological challenges, such as measurement reactivity and 
intrusiveness, that can render measurements useless (Clay-Warner & 
Robinson, 2015). Applications of psychophysiological measurement 
instruments outside of labs, for example, during or directly after immer-
sion in natural environments, present a plethora of potential challenges 
distinct to the type of measurement. As such, psychophysiological mea-
sures offer both unique methodological opportunities and challenges. To 
fulfill the potential of psychophysiological stress indicators and thereby 
provide stronger assessments of the effects of immersion in nature on the 
stress response, special precautions should be taken during data genera-
tion. Therefore, systematic and thorough quality assessment, tailored to 
research using psychophysiological measures in the specific research 
domain, is essential.

While no universally recognized standard for stress response evaluation 
exists, we included only psychophysiological measures that provide valid 
indicators of neurobiological stress system activation or relaxation, for exam-
ple, cortisol, noradrenaline, or vagally mediated heart rate variability (HRV). 
These responses, among many others, are triggered or, in the case of vagally 
mediated HRV, reduced as part of the two main, interdependent stress 
response pathways: the hypothalamic pituitary adrenal (HPA) axis and the 
autonomic nervous system (ANS; Marques, Silverman, & Sternberg, 2010). 
The ANS consists of two branches: the parasympathetic nervous system 
(PNS) and the sympathetic nervous system (SNS). In response to a perceived 
stressor, the HPA axis is responsible for the release of glucocorticoids and 
cortisol, whereas parasympathetic withdrawal and SNS activation allow the 
release of adrenaline and noradrenaline (Marques et al., 2010). These neural 
and neuroendocrine pathways can provide insights into the transmission of 
stress responses through the body.
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Other measures sometimes used as stress response indicators, for exam-
ple, blood pressure or heart rate (HR), are influenced by multiple cardiac 
factors. Although related to stress response, HR constitutes an imprecise indi-
cator because a multitude of physiological cardiac functions influence HR. In 
contrast, the specific input of the PNS, responsible for rest and relaxation, 
may be approximated by exploring fast changes in beat-to-beat intervals, that 
is, the time domain (e.g., root mean square of successive differences 
[RMSSD]) or spectral measures (e.g., high-frequency [HF] HRV) of HRV 
(Akselrod et al., 1981; Task Force of the European Society of Cardiology and 
the North American Society of Pacing and Electrophysiology, 1996). The 
utility of vagally mediated measures of HRV as measures of stress response 
was recently reviewed and found to be valid (H.-G. Kim, Cheon, Bai, Lee, & 
Koo, 2018). Measures of vagally mediated HRV can be used as an indicator 
of adaptability and resilience to stressors (e.g., Chalmers, Quintana, Abbott, 
& Kemp, 2014) or as an indicator of acute psychophysiological stress 
response. We focus on the latter use of the indicator.

Literature Review

Although previous reviews provided valuable overviews over aspects of the 
effects of exposure to natural environments on stress response (Bowler, 
Buyung-Ali, Knight, & Pullin, 2010; Haluza, Schönbauer, & Cervinka, 2014; 
Tsunetsugu, Park, & Miyazaki, 2010), none, to our knowledge, offer a con-
temporary, comprehensive overview in which studies are subjected to sys-
tematic and tailored quality appraisal. In a recent meta-analysis, 
Twohig-Bennett and Jones (2018) reviewed the benefits of nature on various 
health outcomes, including psychophysiological outcomes. Although the 
review had several strengths and displayed an impressive generalized over-
view of the evidence, the results should be interpreted with caution. The 
pooled measures in the review were based on heterogeneous exposures and 
study designs: exposures ranged from accessibility to nature, that is, the prox-
imity or opportunity to engage with nature, to various types of sustained and 
intentional engagement with natural environments. Observational and inter-
vention studies were collapsed to generate mean differences between the 
highest and lowest green space exposure groups. While systematic quality 
assessments were conducted, the quality items used were generic, for exam-
ple, “Is the hypothesis/aim/objective of the study clearly described?” and 
“Are the interventions of interest clearly described?” (Twohig-Bennett & 
Jones, 2018, p. 632), to match the diversity of interventions, study designs, 
and outcomes included in the review. The authors found that 58.3% of the 
observational studies and 77% of the intervention studies scored 9 or more 
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out of 11 items in their respective quality appraisal tools. As such, the useful-
ness of the quality assessments, particularly when used to assess the rigor in 
studies based on psychophysiological data, requires reevaluation. This type 
of data is highly sensitive to a number of exogenous sources of measurement 
disturbance, such as physical activity or diet, and requires strict experimental 
procedures to avoid confounding.

Research Questions and Hypotheses

In the present review, we focus exclusively on experimental and quasi-
experimental research involving direct and immersive experiences of 
nature. To increase intervention homogeneity, we include only public green 
space, excluding private gardens, indoor nature, views of nature, and vir-
tual nature. Based on quality assessments inspired by the review by Ohly 
et  al. (2016), we provide methodological recommendations for future 
research tailored to the research designs and adapted to psychophysiologi-
cal outcomes. Ohly et al. (2016) developed and applied a framework spe-
cifically for use with research using similar designs and exposures, although 
it was focused on cognitive performance outcomes. Synthesis and critical 
appraisal is warranted to quantify potential benefits that may be used to 
inform practice and policy, as well as future research in the field by formu-
lating methodological recommendations. Therefore, this systematic review 
will address the following two key questions:

Research Question 1: (How much) are psychophysiological indicators of 
the stress response improved by exposure to natural environments relative 
to indoor or outdoor control environments across populations?
Research Question 2: (a) How strong is the evidence when subjected to 
systematic quality assessment, and (b) what recommendations for psycho-
physiological research can be drawn from these assessments?

Method

The systematic review followed the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) statement (Moher, Liberati, Tetzlaff, 
Altman, & The PRISMA Group, 2009) (for PRISMA checklist, please see 
Supplemental Material A). The results presented in this review are a sub-
sample of a systematic review with a wider scope (results from this larger 
systematic review are reported elsewhere; Mygind, Kjeldsted, Hartmeyer, 
Mygind, & Bentsen, 2018; Mygind et al., 2019). While the purpose of the 
larger systematic review was to investigate the effects and associations of 

https://journals.sagepub.com/doi/suppl/10.1177/0013916519873376
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nature-based interventions and programs on mental, social, and physical 
health, this review centers specifically on experimental and quasi-experimen-
tal studies utilizing psychophysiological stress markers. This strategy was 
based on the assumption that relevant papers would be framed within this 
broader scope and that themes included in the search string might be investi-
gated using psychophysiological stress indicators. The search string included 
terms relating to the broader themes of mental health, well-being, psycho-
logical stress, life stress, and psychological resilience (for the specific search 
string, see Supplemental Material B). It was not feasible to include the search 
term stress due to the resultant extent of irrelevant hits relating to the verb 
stress, even in conjunction with the nature exposure search terms. The review 
protocol of the larger systematic review can be accessed on the PROSPERO 
register of systematic reviews (ID: CRD42017057988).

Eligibility Criteria

Studies were included if they were based on within-subject or between-sub-
ject experimental or quasi-experimental designs with control groups and 
compared the effects of direct and immersive experiences of natural envi-
ronments against those of a suitable control. As mentioned above, we 
included only public green space. Immersive experiences were operational-
ized as types of interactions with nature that were direct, intentional, and 
sustained. This, for example, did not include motorized activities or trans-
port to and from work through natural environments. We included studies in 
which any type of control group or condition had been used, regardless of 
assignment approach. For within-subject comparisons, control conditions 
were considered suitable when the type of activities were held constant 
across the two environments. For between-subject comparisons, a “no-treat-
ment” or “treatment-as-usual” condition was required, depending on the 
population. For example, a population diagnosed with hypertension or 
depression should be assigned to either the intervention or the usual treat-
ment provided to the population. As the present systematic review was 
nested within a larger systematic review, the initial search strategy did not 
specifically focus on psychophysiological stress indicators. As such, we did 
not predefine the dependent variables.

Publications were included in this review if they had been subject to peer 
review, presented one or more empirical original studies, were communi-
cated in the English language, and had been published between January 2004 
and May 2017. The latter of these criteria was chosen to build on existing 
reviews. We did not apply any restrictions pertaining to population character-
istics. The eligibility criteria are summarized in Table 1.

https://journals.sagepub.com/doi/suppl/10.1177/0013916519873376
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Information Sources

An electronic literature search was performed in ERIC, PsycINFO, Scopus, 
the Web of Science, SPORTDiscus, and Dissertation Abstracts and was final-
ized by the beginning of May 2017. A generic search string was adapted to 
the individual electronic databases. We obtained additional literature through 
snowballing, that is, manual reference list checks (Greenhalgh & Peacock, 
2005), of all eligible publications. When means and SDs were not explicitly 
reported in the publications, authors were contacted. Authors were also con-
tacted in relation to unclear quality appraisal items, for example, randomiza-
tion method.

Study Selection

All identified literature was screened by two individual reviewers (L.M., 
E.K., R.H., E.M.) by reading titles and abstracts. Full-text eligibility was 
likewise determined by two independent reviewers. Disagreements were 
settled through discussion between the two reviewers. If an agreement could 
not be made, a third reviewer (L.M., P.B.) made the final decision.

We identified 26 individual studies that met all eligibility criteria. These 
studies were, as mentioned above, a subsample of a larger systematic review. 
The results of the full screening procedures are included in Figure 1 and 
described in detail in Mygind et al. (2019).

Table 1.  Eligibility Criteria.

Item Criteria

Intervention/
exposure

Direct experience of public, predominantly green space, 
excluding private gardens, indoor nature, views to nature 
and virtual nature

Comparison For within-subject studies: similar exposure or activity in a 
predominantly synthetic environment, for example, indoor 
or urban

For between-subjects studies: a no treatment or treatment as 
usual condition

Outcome Psychophysiological stress response markers, not predefined
Methods and 

design
Quantitative research using within-subjects and between-

subjects, randomized and non-randomized controlled designs
Language Danish, Swedish, Norwegian, German, or English
Time Published after 2003, search finalized in May 2017
Type publication Peer-reviewed publications
Target group No restrictions
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Most publications from the larger review were excluded because the 
investigated health outcomes were outside the scope of this review, for exam-
ple, social well-being, physical activity, or cognitive functioning. Furthermore, 
as described in the introductory section, studies in which stress was measured 
by self-report (e.g., Morita et al., 2007; Takayama et al., 2014) were consid-
ered outside the scope of the review. Likewise, we excluded studies including 
only HR, blood pressure, or pulse as indicators of a stress response (Kjellgren 
& Buhrkall, 2010; Li et al., 2016; Mao, Cao, et al., 2012). Fluctuations in 
these measures are related to the neurobiological stress activation system, but 
they are also influenced by a range of other cardiac influences. Due to the 
questionable construct validity, we excluded these studies.

Figure 1.  Flowchart.
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Publications that were not subjected to formal peer review were excluded 
(Bertone, 2015; Thompson, 2014). Studies based on nonexperimental 
designs, for example, one-group before and after designs (Ochiai et al., 2015; 
Yu, Lee, Kim, Yoon, & Shin, 2016), were also considered ineligible for inclu-
sion at this stage: the absence of a control group or condition provides poor 
internal validity and an inappropriate basis for conclusions related to effects. 
Two papers compared sitting-condition indoors with walking-condition out-
doors (Gatersleben & Andrews, 2013; Toda, Den, Hasegawa-Ohira, & 
Morimoto, 2013). For the purpose of this review, we did not consider it 
appropriate to compare a physically active outdoor condition with a seden-
tary indoor condition, and the studies were considered ineligible on this basis.

Data Items and Extraction Process

Data were procured from the literature by a single reviewer using a consistent 
data extraction procedure. Data extracted from the literature included study 
information (i.e., publication year, authors, and country in which the study 
was performed), study sample (sample size, sex, participant characteristics, 
and age), study design (research design; Ryan et al., 2013), activity, length of 
exposure, characteristics of natural and control conditions, outcome mea-
sures, and reported results. Means and SD scores were extracted from papers 
when possible.

Risk of Bias in Individual Studies

The risk of bias assessment was inspired by Ohly et al. (2016) who combined 
three quality indicator guidelines (Centre for Reviews and Dissemination, 
2009; Critical Appraisal Skills Programme, 2013; Effective Public Health 
Practice Project, 2013) to assess studies investigating the effects of exposure 
to nature on attention restoration outcomes.

Quality indicators included rigor and transparency of (a) the study design 
(e.g., reporting of power calculation), (b) potential confounders (e.g., base-
line balance in psychophysiological measures between groups or pre-expo-
sure to conditions), (c) intervention integrity (e.g., clear description of the 
intervention and control and consistency of the intervention), (d) data collec-
tion methods (e.g., blinding of outcome assessors), (e) analyses (e.g., usage 
of appropriate statistical methods), and (f) external validity (i.e., participants’ 
representativeness of the population). Furthermore, we added a unique qual-
ity indicator that relates specifically to the use of psychophysiological out-
come measures. Psychophysiological measures are extremely sensitive to 
influences of stable variables, for example, smoking or habitual consumption 
of alcohol, and transient variables, for example, physical activity and food 
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consumption before and during the experiment. Strategies should be 
employed to control for these confounders by asking the participants to 
abstain from or follow rules regarding these behaviors or thorough statistical 
control (Quintana & Heathers, 2014). Taking actions, per protocol or statisti-
cal control, to regulate confounders was therefore included in the quality 
assessment scheme.

Ten percent of the full sample was assessed by two reviewers to validate 
the assessments. Only minor discrepancies were found and solved through 
discussion.

Summary Measures and Synthesis of Results

Eleven studies presented comparable psychophysiological measures, that is, 
HF HRV and cortisol, and types of activities, that is, walking and seated 
relaxation, as well as the necessary statistical information, that is, mean and 
SD. To ensure intervention and outcome homogeneity, four individual meta-
analyses for each combination of activity and outcome were conducted.

Random effects meta-analyses were performed in RevMan 5.3 (The 
Cochrane Collaboration, 2014) to calculate pooled effect sizes. The principal 
summary measure was standardized difference in means (Hedges’ g). Hedges’ 
g is used to measure the magnitude of the difference between the intervention 
and control postexposure means and is standardized by dividing the differ-
ence between the means by the pooled SD of the means. Effect sizes and 
confidence intervals were illustrated by forest plots, that is, graphical sum-
maries of the estimated results for the individual study and pooled findings 
from the meta-analyses. Individual references and study information are 
included in the left-hand column, and the right-hand column lists the mea-
sures of the effect. Here, individual studies as well as the pooled effect sizes 
are plotted with confidence intervals represented by horizontal lines. The for-
est plot includes a vertical line representing no effect. Differences between 
postexposure means were deemed significant at a p value lower than .05. The 
extent of between-study heterogeneity for each meta-analysis was tested 
using the I2 statistic, which indicates the fraction of variance in the effect size 
estimates that is caused by heterogeneity.

The individual meta-analyses were divided into subgroups according to 
whether individual studies had reported that psychophysiological outcomes 
(a) had been balanced at baseline, that is, no statistical difference between 
groups; (b) had not been balanced at baseline, that is, a significant difference 
between groups; or (c) were missing explicit statistical information to deter-
mine baseline balance. This information is essential for determining whether 
the potential for change in the outcome measures was comparable between 
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groups, or for within-subject studies, before exposure to the different envi-
ronments. For example, lower levels of cortisol before an exposure could 
result in a lower or higher responsivity to the exposure, which in turn pro-
vides a poor background for comparison of postexposure means. Therefore, 
balanced baselines are preferable. Funnel plots were generated to visualize 
the risk of small-study bias. Funnel plots illustrate the relationship between 
the magnitude of the difference, that is, effect sizes, in the individual studies 
versus variability in the magnitude of the difference, that is, standard error of 
the effect sizes. Information pertaining to study quality was included in the 
funnel plots.

When meta-analyses did not indicate significant differences in effects, we 
used the two one-sided test (TOST) procedure to assess the evidence for sta-
tistical equivalence (Lakens, 2017). The TOST procedure requires a determi-
nation of the smallest effect size of interest against which an assessment of 
data insensitivity or statistical equivalence can be made. The smallest effect 
size of interest can be determined theoretically or from existing empirical 
work. Here, we defined the smallest effect size of interest to be small based 
on a theoretical consideration: When accessible on a population level, small 
intervention benefits for individuals can be powerful preventive measures 
(Rose, 2001). Given that natural environments are accessible in some form to 
most people, we determined the smallest effect size of interest to be small and 
set equivalence test bounds at .2. Equivalence tests were conducted using the 
TOSTER spreadsheet (version 0.4.6) (Lakens, 2017).

Results

Study Characteristics

Of the 26 included studies, most were from Asian countries (n = 18), with 
substantial representation from Japan (n = 15). Six studies were from 
European countries, and one study was derived from the United States. 
Individual studies are presented in Table 2.

Research designs.  Three experimental studies were designed as between-sub-
ject randomized controlled trials (RCTs), but only D. K. Brown, Barton, 
Pretty, and Gladwell (2014) reported the randomization procedure used and 
applied a type of randomization (i.e., computer-randomized numbers) that 
was in accordance with the Cochrane recommendations (Ryan et al., 2013). 
Accordingly, we categorized the two remaining studies (Calogiuri et  al., 
2015; Mao, Lan, et al., 2012) as quasi-randomized trials. Most studies were 
experimental and designed as within-subject, randomized, crossover trials (n 
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= 16). Among the crossover trials, only Gidlow, Jones, et al. (2016) described 
the manner by which randomization was performed. Three studies were 
quasi-experimental and utilized within-subject designs without crossover of 
the sequence of exposures to reduce potential order bias (Aspinall, Mavros, 
Coyne, & Roe, 2015; Li et al., 2016; Li et al., 2011). Last, four studies were 
quasi-experimental and designed as controlled before-and-after studies in 
which a group of participants was pragmatically assigned to an intervention 
or a control group.

Participants.  Half of the studies included university students (n = 13), and 85% 
of these studies included males. Six studies included healthy adult participants 
(Beil & Hanes, 2013; D. K. Brown et al., 2014; Calogiuri et al., 2015; Gidlow, 
Jones, et al., 2016; Li et al., 2011; Tyrväinen et al., 2014), one study included 
healthy students in junior high school (Hohashi & Kobayashi, 2013), and one 
study included students in elementary school (Dettweiler, Becker, Auestad, 
Simon, & Kirsch, 2017). Two studies included middle-aged individuals with 
prehypertension or Stage 1 hypertension (Li et al., 2016; Song, Ikei, Kobayashi, 
et al., 2015), and one study included elderly hypertensive patients (Sung, Woo, 
Kim, Lim, & Chung, 2012). Last, one study included individuals with major 
depressive disorder (W. Kim, Lim, Chung, & Woo, 2009).

Activities and duration of exposure.  The two most common types of activities 
included walking and seated relaxation for short durations of time (from 10 
to 30 min). In five studies, participants performed both activities (Park, 2009; 
Park et al., 2007; Park, Tsunetsugu, Kasetani, Kagawa, & Miyazaki, 2010; 
Tsunetsugu et al., 2007; Tyrväinen et al., 2014). One study explored the acute 
effects of 30-min horseback riding in nature versus simulated horseback rid-
ing indoors (Matsuura et al., 2011).

A few interventions were of longer duration (e.g., one day that included 
two walks; Li et al., 2016; Li et al., 2011) or an 8-week walking program 
(D. K. Brown et  al., 2014). Other types of more complex interventions 
included forest therapy, where the accumulated effects of cognitive behav-
ior therapy and nature exposure were compared to treatment as usual (W. 
Kim et  al., 2009; Sung et  al., 2012), cognitive behavior therapy with no 
nature exposure (W. Kim et al., 2009), and control groups that were pro-
vided with no treatment at all (Han et al., 2016). The interventions ranged 
from 2 days (Han et al., 2016) to 8 weeks (Sung et al., 2012). Dettweiler 
et al. (2017) investigated how curriculum-based teaching in a natural envi-
ronment affected psychophysiological measures in comparison to the 
effects of typical, classroom-based teaching.

Outcomes.  Psychophysiological outcomes included serum and salivary corti-
sol (n = 13); HF HRV (n = 12); time-domain HRV indicators (e.g., standard 
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deviation of the normal-to-normal [SDNN] interbeat intervals and RMSSD) 
(n = 2); salivary amylase (n = 3); adrenaline, noradrenaline, and dopamine 
(n = 2); and cortisol awakening response (n = 1). Hemoglobin concentration 
in the prefrontal area of the brain was used as an indicator of stress response 
(n = 1), although descriptions of the utility of the measure in the study were 
scarce. Last, distinct parts of the cerebral cortex in the brain were used as 
indicators of stress, arousal, and frustration (n = 1). The latter two indicators 
are less well-established measures with limited background research to back 
up their utility as stress response measures.

Risk of Bias Within Studies

Overall, most studies (69%, n = 18) were categorized as being of moderate 
quality, four studies of low quality, and four of high quality (see Figure 2). 
Scores ranged from 27.8% to 83.3%. The quality assessment of individual 
studies is presented in Table 3. The sum of these indicators was intended to 

Figure 2.  Distribution of quality assessments of individual studies (n = 26).
Note. Scores below and equal to 33% were considered low quality and scores above 66% 
high quality. We have added three more groupings to nuance the scores within the moderate 
category.
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reflect the overall quality of the studies in the context of this review’s focus, 
which may not be identical to the individual study aim. Quality indicators that 
were frequently unclear included statistical power calculation, randomization 
procedures, blinding of participants (in relation to research question and aims) 
and outcome assessors (in relation to assignment of participants), and sample 
representativeness. Although outcomes, that is, means and SDs, were not con-
sistently reported in all studies, this information was in several cases supple-
mented through direct contact with the authors of the individual studies.

Results of Individual Studies

Individual studies most frequently (n = 13) reported that natural environ-
ments improved psychophysiological outcomes more than control environ-
ments and conditions (see Table 2). Among these 13 studies, two were rated 
as being of low quality (Aspinall et al., 2015; Park et al., 2010) and 11 were 
rated as being of moderate quality (Dettweiler et al., 2017; Han et al., 2016; 
W. Kim et al., 2009; Lee, 2014; Lee, Park, Tsunetsugu, Kagawa, & Miyazaki, 
2009; Lee et al., 2011; Li et al., 2016; Li et al., 2011; Mao, Lan, et al., 2012; 
Song, Ikei, Igarashi, Takagaki, & Miyazaki, 2015; Sung et  al., 2012). On 
average, these studies scored 50%.

Four studies reported mixed findings of alternate psychophysiological 
outcomes (Calogiuri et  al., 2015; Lee, Park, Ohira, Kagawa, & Miyazaki, 
2015; Park et al., 2007; Tsunetsugu et al., 2007). For example, Tsunetsugu 
et al. (2007) reported that walking in natural environments reduced cortisol 
levels more than walking in the urban comparison environment, while no 
significant differences could be observed in HF HRV. Of these studies, one 
was rated as being of high quality (Calogiuri et al., 2015) and three were of 
moderate quality (Lee et al., 2015; Park et al., 2007; Tsunetsugu et al., 2007). 
These studies scored 59% on average.

Two studies showed that individual indicators, measured over several time 
points, provided mixed results: Indicators were at some time points different in 
favor of the natural environment, while no statistically significant differences 
could be observed at other time points (Park, 2009; Park et al., 2008). These 
studies were deemed as being of low quality and scored 33% on average.

Finally, seven studies reported no significant differences between natural 
and control environments and conditions (Beil & Hanes, 2013; D. K. Brown 
et  al., 2014; Gidlow, Jones, et  al., 2016; Hohashi & Kobayashi, 2013; 
Matsuura et  al., 2011; Tyrväinen et  al., 2014; Yamaguchi, Deguchi, & 
Miyazaki, 2006). Three of these were rated as high quality (Beil & Hanes, 
2013; D. K. Brown et al., 2014; Gidlow, Jones, et al., 2016), and four were 
rated as moderate quality (Hohashi & Kobayashi, 2013; Matsuura et  al., 
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Figure 3.  Forest plot of pooled effect sizes (Hedges’ g) for serum and salivary 
cortisol related to walking in natural versus control environment.
Note. Lower levels of cortisol indicate findings in favor of the natural environment. Gidlow, 
Jones, et al. (2016) (in the forest plot referred to as Gidlow et al., 2016) reported on the 
effects of two types of natural environments, that is, (a) a park with a lake and (b) a park, on 
the same 38 participants. Means and SDs from both conditions are presented in the forest 
plots, but only one of the conditions was included in the pooled analysis. We chose to 
include the park condition as the baseline values were numerically closer to each other in this 
condition than those for the condition that included a park with a lake. Std. mean difference 
= standardized mean difference (measure of effect size, also referred to as Hedges’ g);  
CI = confidence interval; tau2 = variance of the true effect sizes; chi2 = test of independence; 
df = degrees of freedom; P = statistical significance (more commonly symbolized as p);  
I2 = extent of heterogeneity in effect size across studies; Z = standard deviations away  
from the mean.

2011; Tyrväinen et al., 2014; Yamaguchi et al., 2006). Studies indicating no 
difference scored, on average, 64% out of the quality appraisal items.

Synthesis of Results

In the following sections, we present the meta-analyses of the effects of walk-
ing and seated relaxation in the natural and control environments on cortisol 
and HF HRV, respectively.

Effects of walking in natural versus control environments.  Six studies explored 
the effects of walking in natural versus control environments on serum and 
salivary cortisol (Park et al., 2007; Park et al., 2010; Gidlow, Jones, et al., 
2016; Mao, Lan, et al., 2012; Tsunetsugu et al., 2007; Tyrväinen et al., 2014). 
Four experimental studies, for which all necessary data were available, were 
included in the meta-analyses, and data for 72 unique participants were 
pooled. The studies were rated as being of moderate (Mao, Lan, et al., 2012; 



Mygind et al.	 21

Park et al., 2007; Tsunetsugu et al., 2007) to high (Gidlow, Jones, et al., 2016) 
quality. Only two studies reported that baseline cortisol levels were balanced 
(see Figure 3). For example, Mao, Lan, et al. (2012) presented descriptive 
statistics to demonstrate that the intervention and control groups had similar 
baseline serum cortisol concentrations, whereas Gidlow, Jones, et al. (2016) 
used a statistical approach that controlled for baseline differences but did not 
report any baseline comparison statistics. The pooled effects of walking in 
natural versus control environments on serum and salivary cortisol measures 
were not statistically significant (g = −.27 [−.85 to .3], p = .35). Equivalence 
tests indicated that we could not reject an effect as large or larger than .2 (Z 
= .3, p = .95), indicating data insensitivity rather than an absence of a “true” 
effect. The heterogeneity statistics suggested that variance within and 
between studies may have been an issue, although conventionally speaking, 
not at a significant level (I2 = 58%, p = .07). Figure 4 illustrates the relation-
ship between effect sizes and variability in effect sizes and suggests a larger 
variability among the studies that included small samples and that were of 
moderate quality. The number of studies included in the funnel plot is limited 
and should be interpreted with caution.

Figure 4.  Funnel plot of studies exploring effects of walking in natural and control 
conditions on cortisol concentration, divided by study quality.
Note. Higher values of SMD indicate higher effect sizes, and higher values of SE (SMD) indicate 
larger within-study variability in effects. The dotted line indicates the pooled effect size. SMD 
= standardized mean difference.
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Figure 5.  Forest plot of pooled effect sizes (Hedges’ g) for HF HRV related to 
walking in natural versus control environment.
Note. Higher levels of HF HRV indicate findings in favor of the natural environment. Gidlow, 
Jones, et al. (2016) (in the forest plot referred to as, Gidlow et al., 2016) reported on the 
effects of two types of natural environments, that is, (a) a park with a lake and (b) a park, on 
the same 38 participants. Means and SDs from both conditions are presented in the forest 
plots, but only one of the conditions was included in the pooled analysis. We chose to 
include the park condition as the baseline values were numerically closer to each other in this 
condition than those for the condition that included a park with a lake. HF = high-frequency 
heart rate variability; HRV = heart rate variability; Std. mean difference = standardized mean 
difference (measure of effect size, also referred to as Hedges’ g); CI = confidence interval; 
tau2 = variance of the true effect sizes; chi2 = test of independence; df = degrees of freedom; 
P = statistical significance (more commonly symbolized as p); I2 = extent of heterogeneity in 
effect size across studies; Z = standard deviations away from the mean.

Seven studies explored the effects of walking in natural versus control 
environments on HF HRV (D. K. Brown et  al., 2014; Gidlow, Jones, 
et  al., 2016; Lee, 2014; Park, 2009; Park et  al., 2010; Song, Ikei, 
Kobayashi, et al., 2015; Tsunetsugu et al., 2007). Five experimental stud-
ies, encompassing a total of 130 unique participants, were included in the 
meta-analysis (Gidlow, Jones, et al., 2016; Lee, 2014; Park, 2009; Song, 
Ikei, Kobayashi, et  al., 2015; Tsunetsugu et  al., 2007). HF HRV was 
higher after walking in natural environments than after walking in con-
trol environments (g = .31 [.06 to .55], p = .01), a finding associated 
with a small effect size (see Figure 5). The studies were of low (Park, 
2009), moderate (Lee, 2014; Song, Ikei, Kobayashi, et  al., 2015; 
Tsunetsugu et al., 2007), and high quality (Gidlow, Jones, et al., 2016). 
Higher quality studies with larger sample sizes displayed the least within-
study variability and limited between-study disagreement in effect sizes 
(see Figure 6). A subgroup analysis including only the four studies that 
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reported that participant levels of HF HRV were balanced at baseline 
(see Figure 5) provided similar results, although with a slightly larger 
effect size (g = .39 [.01-.69], p = .01). There was no evidence of hetero-
geneity between studies (all studies: I2 = 0%, p = .55; studies with bal-
anced baselines: I2 = 0%, p = .57).

Effects of seated relaxation in natural versus control environments.  Eight 
studies explored the effects of seated relaxation in natural versus con-
trol environments on serum and salivary cortisol (Beil & Hanes, 2013; 
Lee et  al., 2015; Lee et  al., 2009; Lee et  al., 2011; Park et  al., 2007; 
Park et al., 2010; Tsunetsugu et al., 2007; Tyrväinen et al., 2014). Esti-
mates were pooled across 74 unique participants and six small-scale, 
experimental studies of high (Beil & Hanes, 2013) and moderate (Lee 

Figure 6.  Funnel plot of studies exploring effects of walking in natural and control 
conditions on HF HRV, divided by study quality.
Note. Higher values of SMD indicate higher effect sizes, and higher values of SE (SMD) indicate 
larger within-study variability in effects. The dotted line indicates the pooled effect size. HF = 
high-frequency heart rate variability; HRV = heart rate variability; SMD = standardized mean 
difference.
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et al., 2015; Lee et al., 2009; Lee et al., 2011; Park et al., 2007; Tsu-
netsugu et al., 2007) quality, of which three reported balanced baseline 
cortisol levels (see Figure 7). Salivary cortisol levels were lower after 
seated relaxation in natural environments compared to after seated 
relaxation in control environments (g = −.72 [−1.19 to −.25], p = 
.003), with an effect size associated with a medium effect (see Figure 
7). Variance between studies was observed, but not at a statistically 
significant level (I2 = 48%, p = .09). A subgroup analysis including 
only the three studies that reported that participant levels of cortisol 
were balanced at baseline did not indicate a differential effect of seated 
relaxation in natural environments compared to seated relaxation in 
control environments (g = −.61 [−1.26 to .04], p = .07, I2 = 48%). The 
funnel plot (see Figure 8) hinted a linear tendency for the studies with 
the largest variability in effect sizes to also report the largest effect 
sizes in favor of the natural environments. As such, the individual study 
effect sizes were not distributed symmetrically around the pooled effect 
size.

Six studies investigated how seated relaxation in natural and control 
environments affected HF HRV (Lee et al., 2015; Lee et al., 2011; Park, 
2009; Park et al., 2008; Park et al., 2010; Tsunetsugu et al., 2007). Four 
experimental studies encompassing a total of 48 unique participants 
were included in the meta-analysis (Lee et al., 2015; Lee et al., 2011; 
Park, 2009; Tsunetsugu et al., 2007). The quality of the individual stud-
ies was low (Park, 2009) or moderate (Lee et al., 2015; Lee et al., 2011; 
Tsunetsugu et al., 2007). HF HRV tended to be higher after seated relax-
ation in natural environments than after seated relaxation in control 
environments (g = .51 [−.01 to 1.03], p = .06), a finding associated 
with a medium effect size although, conventionally speaking, not sig-
nificant (see Figure 9). Equivalence tests indicated that an effect as 
large or larger than .2 (Z = −1.12, p = .99) could not be rejected, indi-
cating data insensitivity rather than an absence of a “true” effect. A 
subgroup analysis of only the three studies with balanced baseline HF 
HRV values showed unclear results (g = .30 [−.17 to .78], p = .21). 
There was no evidence of heterogeneity between studies (all studies: I2 
= 36%, p = .12; subgroup of studies with balanced baseline values: I2 
= 0%, p = .43). Although based on only four studies, the funnel plot 
(see Figure 10) illustrated a linear tendency in which larger within-study 
effect size variability was associated with larger effect sizes favoring 
the natural environments, rather than a random distribution around the 
pooled effect size estimate.
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Figure 7.  Forest plot of pooled effect sizes (Hedges’ g) for salivary cortisol related 
to seated relaxation in natural versus control environment.
Note. Lower levels of salivary cortisol indicate findings in favor of the natural environment. 
Std. mean difference = standardized mean difference (measure of effect size, also referred 
to as Hedges’ g); CI = confidence interval; tau2 = variance of the true effect sizes; chi2 = 
test of independence; df = degrees of freedom; P = statistical significance (more commonly 
symbolized as p); I2 = extent of heterogeneity in effect size across studies; Z = standard 
deviations away from the mean.

Figure 8.  Funnel plot of studies exploring effects of seated relaxation in natural 
and control conditions on cortisol concentration, divided by study quality.
Note. Higher values of SMD indicate higher effect sizes, and higher values of SE (SMD) indicate 
larger within-study variability in effects. The dotted line indicates the pooled effect size. SMD 
= standardized mean difference.



26	 Environment and Behavior 00(0)

Figure 9.  Forest plot of pooled effect sizes (Hedges’ g) for HF HRV related to 
seated relaxation in natural versus control environment.
Note. Higher levels of HF HRV indicate findings in favor of the natural environment.  
HF = high-frequency heart rate variability; HRV = heart rate variability; Std. mean difference 
= standardized mean difference (measure of effect size, also referred to as Hedges’ g);  
CI = confidence interval; tau2 = variance of the true effect sizes; chi2 = test of independence; 
df = degrees of freedom; P = statistical significance (more commonly symbolized as p);  
I2 = extent of heterogeneity in effect size across studies; Z = standard deviations away from 
the mean.

Figure 10.  Funnel plot of studies exploring effects of seated relaxation in natural 
and control conditions on HF HRV, divided by study quality.
Note. Higher values of SMD indicate higher effect sizes, and higher values of SE (SMD) indicate 
larger within-study variability in effects. The dotted line indicates the pooled effect size. HF = 
high-frequency heart rate variability; HRV = heart rate variability; SMD = standardized mean 
difference.
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Discussion

Summary of Results

Across 26 experimental and quasi-experimental studies, most studies (n = 13) 
indicated that outcomes were improved more in the immersive nature-experience 
groups and conditions than in the control groups or conditions. These studies 
were rated as being of low to moderate quality, with an average score of 50%. 
Comparatively, studies (n = 7) that reported no differences between the immer-
sive nature-experience groups and the control groups or conditions were rated as 
being of moderate to high quality, with an average score of 63%. While this dif-
ference is suggestive and does not, in itself, imply inefficacy, the body of litera-
ture may be skewed toward positive findings being based on predominantly 
low- to moderate-quality studies (Schwarzer, Carpenter, & Rücker, 2015).

Meta-analyses indicated that walking in natural environments, in com-
parison to walking in urban environments, enhanced vagally mediated HRV 
(p = .02). The effects of seated relaxation on vagally mediated HRV were, 
conventionally speaking, not significant. Equivalence tests indicated data 
insensitivity rather than a null effect, potentially as a result of small sample 
sizes and the quality of the studies.

The pooled results for cortisol were unclear. Across all studies, seated relax-
ation in natural environments provided favorable effects compared to the effects 
associated with urban environments. However, upon exclusion of studies in 
which baseline values were significantly unbalanced, no such effect could be 
observed. No effect could be observed for walking. The effect sizes were hetero-
geneous in all three cases, although according to conventions not at a significant 
level. Equivalence testing indicated that there was no statistical equivalence to 
indicate a null effect of walking in natural environments compared to the effects 
associated with the control conditions. As such, the cortisol findings were 
unsuited as a basis of quantifying to what extent psychophysiological indicators 
of stress were improved by exposure to natural environments relative to indoor 
or outdoor control environments across populations. At present, the most consis-
tent results indicate small effects of walking in natural environments relative to 
walking in control environments on vagally mediated HRV.

Some of the observed heterogeneity could potentially be explained by 
methodological limitations that will be addressed more thoroughly in the 
strengths and limitations section later.

Results Compared to Previous Reviews

In 2014, Haluza et al. reviewed 17 studies exploring the physiological effects 
of exposure to natural environments. They included studies that had been 
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published before January 2012 and a vast number of physiological outcomes, 
some of which were psychophysiological stress markers (e.g., salivary corti-
sol or amylase) and others that were not (e.g., white blood cell count). Since 
January 2012, 14 new papers utilizing psychophysiological stress markers 
specifically were published and included in this systematic review. As such, 
there appears to be a rapid growth in the quantity of this type of research.

The meta-analyses by Twohig-Bennett and Jones (2018) differ from the 
present meta-analyses in a number of ways. Most notably, statistically sig-
nificant reductions in salivary cortisol (Mean Difference (MD): −.05, p < 
.001) and enhancements of vagally mediated HRV (MD: 91.87, p < .001) 
were observed by Twohig-Bennett and Jones (2018) by comparing high– ver-
sus low–green space exposure groups. Furthermore, no heterogeneity was 
observed for the cortisol measures. Based on these results, nature interaction 
was interpreted to ameliorate stress response. However, some important dif-
ferences in the included literature and meta-analytic approaches should be 
considered.

Twohig-Bennett and Jones (2018) included both observational and experi-
mental studies in their pooled analysis of cortisol measures, and short- and 
long-termed exposures were collapsed. The meta-analysis included one study 
(Toda et al., 2013), which was excluded from the present systematic review 
because the control condition was considered unsuited for comparison: 
Sitting-condition indoors were compared with walking-condition outdoor 
introducing a probability that physical activity confounded the results. 
Furthermore, information pertaining to balance of the pre-exposure outcome 
levels was not presented, which introduces a risk of bias due to unequal 
potential for change. For example, upon excluding unbalanced studies from 
our meta-analyses, we did not identify any significant differences in cortisol 
measures following seated relaxation in natural and control conditions. Given 
the mix of acute and accumulated responses to diverse interventions and 
inclusion of both experimental and observational studies, as well as a poorly 
controlled study, it seems possible that the statistical homogeneity derived in 
Twohig-Bennett and Jones (2018) is influenced by confounding variables 
and does not equate clinical homogeneity. We maintain that the heterogeneity 
in the cortisol measures in response to an acute effect of direct contact with 
natural environments calls for further investigation.

Previous reviews reported benefits of exposure to natural environments 
for self-reported, distinct positive emotions, for example, tranquility, and 
negative emotions, for example, anxiety (Bowler et al., 2010; Haluza et al., 
2014), but not experiences of stress responses specifically. However, self-
reported constructs related to stress responses seem to be improved. Bowler 
et al. (2010) found that these self-reported constructs were more consistently 
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improved than physiological indicators such as cortisol or diastolic and sys-
tolic blood pressure. Bowler et al. (2010) argued that the self-reported mea-
sures could be influenced by prior beliefs of the participants and that the lack 
of blinding of the participants to the research question could be problematic. 
These issues would not pertain to psychophysiological measures. However, 
these measures are susceptible to other types of bias, and we discuss these 
further in the following sections.

Sources of heterogeneity.  Pooled effects of walking and seated relaxation on 
cortisol favored exposure to natural environments (only significantly for 
seated relaxation) but were either significantly or close to being significantly 
heterogeneous. Participant characteristics were similar across the individual 
studies, and as such, unlikely to have contributed greatly to the observed 
heterogeneity between study effect sizes: All participants were male univer-
sity students, except for the sample of older, healthy individuals included in 
the studies by Gidlow, Jones, et al. (2016) and Beil and Hanes (2013). How-
ever, inconsistent baseline cortisol levels between studies and small sample 
sizes could have introduced heterogeneity. The possibility of small-study 
effects was supported by visually asymmetric funnel plots, suggesting that 
the smaller and low-to-moderate quality studies more often reported findings 
associated with larger effect size variability but also larger effect sizes in 
favor of the natural environments. While the number of studies included in 
the funnel plots was limited and served only as tentative indications, small-
study effects have previously been found to skew meta-analyses toward 
exaggerated effect sizes (Schwarzer et al., 2015). Based only on small-scale, 
low- or moderate-quality studies, the estimated effect sizes related to seated 
relaxation for both vagally mediated HRV and cortisol could be overesti-
mated and should be interpreted with caution.

In comparison, a slightly larger number of studies (n = 4) with a pooled 
total of 92 participants, in which vagally mediated HRV was used as an 
outcome measure, included balanced baseline values before walking in 
natural and control environments. Here, a small and significant effect size 
was observed. The same tendency could be observed for vagally mediated 
HRV after seated relaxation, although it is possible that the smaller sample 
sizes in congruence with low or moderate study quality resulted in exten-
sive within-study variability and the, conventionally speaking, nonsignifi-
cant pooled effect size. As reported above, no evidence of between-study 
heterogeneity was observed for vagally mediated HRV for either the seated 
or the walking condition.
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Cortisol as a measure of acute stress response.  Studies have suggested that 
there might be a time lag in cortisol response to a psychological stressor of 
approximately 18 min in comparison to salivary amylase, which was imme-
diately affected (Takai et al., 2004). While the cortisol response to a stressor 
may not be directly compared to the relaxing factor, it is possible that the 
timing of data collection is particularly important for cortisol measures. In 
the studies included in the meta-analysis, it was described in detail how sali-
vary cortisol samples were collected using oral swabs from Salivette (Lee 
et al., 2015; Lee et al., 2009; Lee et al., 2011; Gidlow, Jones, et al., 2016; Park 
et al., 2007; Tsunetsugu et al., 2007) or Salimetrics kits (Beil & Hanes, 2013) 
collected before and after exposure (and immediately frozen in all studies). 
However, the exact timing from the end of exposure to collection of saliva 
samples was not reported. As such, varying timing of the measurements 
could result in heterogeneous effect sizes between studies. In comparison, 
vagally mediated HRV is theorized to provide an instantaneous, peripheral 
indicator of autonomous nerve activity. Although this could be a plausible 
explanation of the observed heterogeneity, it does not match the empirical 
results of the study conducted by Gidlow, Jones, et  al. (2016). Here, two 
postexposure cortisol measurements were performed, one that was immedi-
ately after exposure and an additional measure 30 min after exposure. Neither 
indicated a differential effect of the natural and urban environments. Corre-
sponding results from vagally mediated HRV supported that there was no 
differential impact of the natural environment. In summary, the heterogeneity 
of the acute responses cannot be explained with reference to timing only, 
although it may be a contributing factor to be considered in future studies.

Strengths and Limitations of the Reviewed Studies

This review has taken steps toward quantifying the acute effects of natural 
environments on selected psychophysiological stress markers. The studies 
included in this systematic review were based on small sample sizes and were 
heterogeneous in terms of types and durations of exposure, psychophysiolog-
ical outcome measures, baseline levels, level of detail in describing natural 
and control environments and conditions, and statistical methods used. The 
samples were skewed toward male students.

Distinguishing factors for the four most highly rated studies (Beil & 
Hanes, 2013; D. K. Brown et  al., 2014; Calogiuri et  al., 2015; Gidlow, 
Jones, et al., 2016) included clear and detailed descriptions of participant 
inclusion criteria and recruitment, as well as intervention and control con-
ditions, which also made it possible to determine the consistency of the 
intervention between and within groups. In addition, high-quality papers 
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reported all outcomes and accounted for the loss of participants. 
Furthermore, the use of random assignment of participants to groups or 
sequences and the reporting of randomization procedures distinguished the 
high-quality papers (Beil & Hanes, 2013; D. K. Brown et  al., 2014; 
Calogiuri et al., 2015). The authors reported attempts to blind participants 
to the research aims (Beil & Hanes, 2013; Calogiuri et al., 2015; Gidlow, 
Jones, et al., 2016), and in one case included power calculations in a pre-
published study protocol (D. K. Brown et  al., 2014). Prepublication of 
study protocols would greatly enhance the confidence with which results 
could be interpreted, as this reduces researcher biases. Future research 
would benefit from consideration of the quality items applied in this review 
and could take inspiration from the included high-quality papers.

Recruitment strategies and sociodemographic background variables were 
rarely described in much detail, making it difficult to determine the represen-
tativeness and generalizability of the sample. Furthermore, studies lacked 
descriptions of the natural and, especially, control environments. While the 
natural environments were often described to some extent in terms of type of 
vegetation and elevation, the control conditions were frequently only 
described as urban, perhaps with a picture to illustrate the environments (e.g., 
Mao, Lan, et al., 2012; Park et al., 2008).

Consequences of intervention blackboxing.  Blackboxing, that is, the simplifica-
tion of complexity pertaining to the characteristics and processes of the expo-
sures, including the control conditions, limits the interpretational value of the 
comparisons and therefore the possibility of convincingly attributing stress-
reducing or stress-recovering effects to the natural environment. In other 
words, if the response to natural scenery is compared with a bustling down-
town area, the observed effects may be caused by a stressful experience as 
much as a stress-reducing influence of spending time in nature. Significantly, 
Gidlow, Jones, et al. (2016) did not find a difference in cortisol levels between 
what was described as a pleasant urban environment and natural environ-
ment. While the comparative nature of the evidence is a condition for this 
type of research, it also stresses the importance of thorough description of 
both natural and control environments. There is no environmental vacuum or 
placebo against which to measure the effect of exposure to an environment. 
The cursory descriptions of the environments and conditions hinder the iden-
tification of the composite features of immersive nature experiences that 
reduce stress, the judgment of the suitability of the control conditions, the 
interpretation of positive or absent effects, and the explanation of variations 
in effect sizes across studies. Some environmental characteristics that should 
be described and, if possible, measured include the type and density of 
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vegetation and buildings, ground elevation, noise level, people density, ambi-
ent temperature, and humidity.

Blackboxing raises both interpretational and data sensitivity issues. 
Arguably, the cooling from trees and lower ambient temperatures can be seen 
as constituting elements that set natural and synthetic environments apart. 
Simultaneously, it introduces a potential spurious factor and inferential chal-
lenge for research based on psychophysiological measures. For example, 
several studies reported that the ambient temperature, which are known to 
relate to HRV (e.g., Liu, Lian, & Liu, 2008; Matsumoto et  al., 1999; Wu 
et al., 2013), was higher in the control environments (e.g., Lee et al., 2009; 
Tsunetsugu et  al., 2007). As such, the higher levels of HRV may be con-
founded by physiological processes related to the adaptation to ambient tem-
peratures. To increase the inferential usefulness of the research, the effect of 
ambient temperature and humidity should be considered. Impacts of con-
founding factors that are not easily controlled per protocol, for example, 
ambient temperature and humidity, should be considered in the statistical 
modeling, for example, by mixed effects modeling (see, for example, 
Calogiuri et al., 2015 or Dettweiler et al., 2017).

Transient factors.  In many of the studies, some or extensive action was taken 
to control for transient, confounding factors, for example, physical activity 
and intake of food and beverages. In some studies (Park, 2009; Park et al., 
2007; Tsunetsugu et al., 2007), vagally mediated HRV was measured dynam-
ically while participants were walking. Although a few of these studies 
reported that attempts were made to equalize, for example, walking speed 
and exhaustion, these were not quantitatively measured and controlled and 
could potentially introduce disturbances in the data. Given the importance of 
these factors for the reliability of psychophysiological measures, such as HF 
HRV (Quintana & Heathers, 2014), this should remain a high priority.

Sample sizes.  While the studies included in the meta-analyses were homoge-
neous in terms of outcome measures, type of activities, and participant fac-
tors, issues such as small sample sizes and inconsistent baseline levels were 
likely factors that introduced heterogeneity within and between studies. In an 
effect size distribution analysis of almost 300 HRV effect studies, Quintana 
(2017) reported that, for case-control studies, an appropriate sample size 
would be 233 participants to identify a small effect size. Although pre-post 
designs were not included in this analysis and the results were not necessarily 
transferable to designs included in this review (Quintana, 2017), the research 
was generally underpowered. Consequently, there is a need for larger, well-
controlled studies to qualify the estimated effect sizes and to perform 
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subgroup and moderator analyses. This could contribute to an understanding 
of the effects as well the heterogeneity that was addressed earlier. Subgroup 
and moderator analyses of special importance could relate to, for example, 
characteristics of natural environments (e.g., forest versus park, urban versus 
rural), control conditions (e.g., pleasant/not stressful versus unpleasant/
stressful), participant characteristics (e.g., stressed versus not stressed or 
adults versus children), and timing of the cortisol measurements.

Study designs.  Randomized crossover designs were frequently used and are 
indeed appropriate for filtering out individual-specific influences on acute 
effects. For an increased focus on accumulated effects of repeated exposures, 
which seems a worthwhile direction for future research, the performance of 
traditional between-subject RCTs would be preferred. In RCTs, participants 
are randomly assigned to either an intervention or control group, which pre-
vents selection bias and balances intervention and control groups with respect 
to many known and unknown confounding variables. The RCT is widely 
seen as the foremost approach to insuring the internal validity of a study and, 
ultimately, the best basis for causal inference. Although RCTs are not always 
feasible and ethical, adaptive designs such as dynamic waitlisted designs (C. 
H. Brown et al., 2009), time series, or regression discontinuity designs (Gott-
fredson et al., 2015) may be useful.

Quality of reporting or quality of conduct.  We received additional information 
about outcome measures from several studies (51%, n = 14) but less success-
fully gathered information about quality indicators that were unclear (n = 5). 
Consequently, a few studies could have been rated higher if all information 
had been available. As highlighted by Ohly et al. (2016) in the context of 
assessing studies that were potentially developed for other purposes than 
what was the focus of their systematic review, some quality indicators may 
have been rated poorly due to lack of reporting for the research question at 
hand. However, future studies of psychophysiological indicators would ben-
efit from taking the quality items into account during study planning and 
conduct. This would improve the basis for accumulating high-quality evi-
dence from which directions for practice could be formulated.

Strengths and Limitations of This Review

A notable weakness in these meta-analyses is related to small sample 
sizes in the included studies and that at least two of the meta-analyses 
were at risk of being influenced by small-study effects, indicated by 
asymmetric funnel plots. Small-study effects, which can encompass 
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publication bias where small studies are more frequently published when 
they report treatment effects, distort the estimated pooled effect sizes, 
rendering them a less accurate representation of the “true” effect sizes. 
Although the number of studies included in the funnel plots was small 
and indications of publication bias were tentative, we recommend that 
researchers as well as journals publish null findings and results that 
counter hypotheses.

As described in the “Method” section, the review was nested within a 
larger review with a broader set of inclusion criteria. While the comprehen-
siveness of the literature search might have elicited a high retrieval rate by 
covering diverse fields of research and search terms, the approach would be 
immensely time-consuming to reproduce. Furthermore, the search strategy 
was based on the assumption that a broad, thematic search relating to health, 
well-being, and psychological stress would include studies utilizing psycho-
physiological outcomes. As such, the dependent variables were not pre-
defined or included in the search strategy. While this could be speculated to 
result in the omission of relevant papers, the retrieval rate within the specific 
field of this review was higher than previously seen (Bowler et  al., 2010; 
Haluza et al., 2014; Twohig-Bennett & Jones, 2018). In comparison to the 
most recent review by Twohig-Bennett and Jones (2018), we retrieved nine 
studies not included in their review (Aspinall et al., 2015; Brown et al., 2014; 
Dettweiler et  al., 2017; Gidlow, Randall, Gillman, Smith, & Jones, 2016; 
Hohashi & Kobayashi, 2013; W. Kim et al., 2009; Lee et al., 2009; Matsuura 
et al., 2011; Park et al., 2008), while we missed five studies included in theirs 
(Grazuleviciene et al., 2016; Jia et al., 2016; Song et al., 2013; Song, Ikei, 
Igarashi, et al., 2015; Tsunetsugu et al., 2013). To acknowledge the contribu-
tions made by these five additional studies, we performed post hoc quality 
assessments and included study characteristics and quality in Supplementary 
Material C. The studies generally reported positive findings but did not alter 
the overall conclusions of our review. The studies were rated as being of low-
to-moderate quality and shared the limitations observed in the body of evi-
dence discussed above.

No one in the author group was proficient in Asian languages, and some 
studies that could potentially have been relevant were excluded from this 
review (e.g., Joung et  al., 2015; Park et  al., 2014; Song, Lee, Ikei, et  al., 
2015). In addition, studies exploring the effects of contact with nature 
through, for example, gardening, views through windows, or virtual nature 
were not included in this review.

https://journals.sagepub.com/doi/suppl/10.1177/0013916519873376
https://journals.sagepub.com/doi/suppl/10.1177/0013916519873376
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Conclusion

While intuitively and theoretically sound, the empirical support for a 
stress-reducing impact of natural environments is tentative. The majority 
of the studies reported positive effects, but small-study effects might bias 
the body of evidence. Where possible, random-effect meta-analyses were 
performed to calculate pooled effect sizes. Meta-analyses indicated that 
seated relaxation (g = .5, p = .06) and walking (g = .3, p = .02) in natural 
environments enhanced vagally mediated HRV more than the same activi-
ties in control conditions. Cortisol concentration measures were inconsis-
tent. Future research would benefit from including larger sample sizes, 
increased population diversity (in terms of sociodemographic factors, 
medical conditions and diagnoses, age, and sex), blinding of outcome 
assessors (for group or condition assignment) and participants (for research 
question and aims), and thorough descriptions of natural and control envi-
ronments and conditions, as well as participant recruitment and inclusion 
criteria. Further attention to quantitative assessment and control for poten-
tial confounding factors, such as temperature and physical activity, as well 
as inconsistent baseline levels, is warranted. Last, we recommend that 
researchers preregister trials to enhance transparency and accountability in 
the research field.
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