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Pain catastrophizing is among the strongest predictors of pain intensity. This study
examined the role of the nearby natural environment in the experience of pain
among community-dwelling adults with chronic pain (n = 81) living in New York
City and explored the notion that attention may underlie nature’s effect. Nearby
nature was objectively measured using satellite data. Daily diary data across 14
days was employed to operationalize pain catastrophizing (and subscales: rumination,
helplessness, and magnification) and pain intensity. Results indicated that nearby nature
buffered the relation between catastrophizing and pain intensity. Moreover, nearby
nature moderated the association between pain-related rumination (the most attentionbased subscale of pain catastrophizing) and pain intensity, but did not moderate the
helplessness-pain intensity or the magnification-pain intensity associations. These results
suggest that the mechanism underlying nearby nature’s moderating influence involves
attention. Practitioners in search of strategies to reduce pain intensity experienced
by community-dwelling chronic pain sufferers might look to a community resource:
nearby nature.
Keywords: natural environment, urban, chronic pain, attention, pain catastrophizing, rumination

INTRODUCTION
Globally, the World Health Organization estimates that chronic pain afflicts one in five adults1 .
An estimated 50–80 million people in the United States experience chronic pain (Gatchel, 2004;
Johannes et al., 2010), i.e., pain that lasts beyond the expected time of healing, which is typically 3
months. Estimates of chronic pain prevalence among older adults vary (Holtzman and DeLongis,
2007), but in general, middle-aged and older adults are at increased risk for chronic pain (ReyesGibby et al., 2007; Johannes et al., 2010). Pain catastrophizing—an exaggerated negative response to
actual or anticipated pain characterized by worry, fear, and difficulty directing attention away from
pain—is one of the most reliable predictors of the chronic pain experience (Turk and Rudy, 1992;
Sullivan et al., 2001). Pain catastrophizing has been linked empirically to the experience of pain
across diverse groups of patients, both young and old (for a review, see Sullivan et al., 2001). Pain
1 International

Association for the Study of Pain [IASP]. Unrelieved pain is a major global healthcare problem. Retrieved
from
https://www.iasp-pain.org/files/Content/ContentFolders/GlobalYearAgainstPain2/20042005RighttoPainRelief/
factsheet.pdf.
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catastrophizing is associated with lower pain thresholds, greater
pain intensity in both clinical and experimental settings, as well
as increased pain behavior, greater use of healthcare services,
longer hospital stays, and increased use of analgesic medicine
(Sullivan et al., 2001; Kjøgx et al., 2016). Given the robust
linkage of pain catastrophizing with pain intensity, strategies
to reduce the experience of pain within community settings
(Reid et al., 2008; Tobias et al., 2014) might aim to uncouple
the link between pain catastrophizing and pain intensity. This
study examines the potential of an environmental factor—nearby
nature—to diminish the strength of association between pain
catastrophizing and pain intensity.
Why might nature affect pain intensity? This hypothesized
association is supported by both theory and empirical evidence
from several domains. We begin by reviewing evidence linking
the natural environment to health, in general, and to pain,
specifically. Next, we consider research documenting the central
role of attention in the experience of pain. We then briefly
describe the principles of Attention Restoration Theory (ART),
a theoretical perspective purporting that exposure to the natural
environment restores ability to direct and control attention,
and we present related empirical evidence that nature enhances
cognitive control. Finally, we test our hypotheses using data
drawn from a study of community-dwelling middle-aged and
older adults residing in an urban environment.
Many studies have documented an association between
the prevalence of nature in residential environments and
general health indicators (Frumkin, 2001; Takano et al., 2002;
Groenewegen et al., 2006; Maas et al., 2006, 2009; Mitchell and
Popham, 2007; Wells and Rollings, 2012; Hartig et al., 2014;
Capaldi et al., 2015; James et al., 2015; Frumkin et al., 2017;
Wells and Phalen, 2018). Prisoners with natural views from
their windows made fewer visits to the infirmary than those
with built views (Moore, 1981; West, 1986); other studies have
examined the therapeutic role of nature in healthcare settings
(e.g., Verderber and Reuman, 1987; Ulrich, 1999; for reviews see:
Irvine and Warber, 2002); however, few studies have examined
the relation between exposure to nature and pain intensity. One
early study employed archival medical record data of patients
who had undergone gallbladder surgery to examine the relation
of hospital room window view (trees vs. brick wall) and recovery
from surgery (Ulrich, 1984). Compared to patients with a brick
wall view, those with views of nature not only had shorter postoperative stays in the hospital and fewer negative notes in their
files from the nurses but also took fewer doses of analgesic
medications in the post-operative period. These findings raise
the questions of why and how might nature be associated with
reduced pain? Attention may provide an answer.

“The future of the field of pain. . . lies in understanding the role of
the brain” (Melzack, 1999, p. 881).

Studies indicate that attention plays a key role in pain
(McCracken, 1997; Eccleston and Crombez, 1999). This work is
based on the notion that attention is a limited resource and that
perceived pain is a function of the amount of attention devoted
to pain (McCracken, 1997). Evidence suggests that pain demands
cognitive resources and hinders the individual from directing
attention elsewhere. Eccleston (1995), for example, demonstrated
that patients suffering from chronic pain were more impaired in
their performance of an attentionally-demanding task, compared
to patients with low levels of pain and normal controls.
Rather than studying how pain draws attentional resources
away from other endeavors, some studies have explored how
intentional distraction from pain (by attending to other stimuli)
might increase tolerance of pain or reduce pain intensity.
Researchers have examined the effect of distraction on pain by
either providing stimuli to patients undergoing a potentially
painful medical procedure or by exposing pain-free participants
to acute pain in a laboratory setting with or without distraction.
For example, Arntz et al. (1994) found that compared to subjects
in the distraction condition (i.e., who watched an episode of the
television program “L.A. Law”), those in the attention condition
(i.e., who were instructed to concentrate as much as possible
on the pain stimulus) rated the pain of electrical stimulation
much higher. Similarly, Arntz et al. (1991) documented that
attention to pain, rather than anxiety, affected pain impact.
Interestingly, numerous “distraction therapy” studies have used
nature stimuli to examine the role of visual and/or auditory
stimulation as a strategy to reduce the discomfort associated
with flexible sigmoidoscopy (Lembo et al., 1998), colonoscopy
(Lee et al., 2004), burn dressing change (Miller et al., 1992),
flexible bronchoscopy (Diette et al., 2003), and induced pain
by submerging participants’ hands in cold water (Park et al.,
2004; for review, see: Kline, 2009). Remarkably, although all these
studies employ nature stimuli [e.g., “ocean scenes and sounds”
(Lembo et al., 1998); “mainly scenic views” (Lee et al., 2004), a
video containing “. . . ocean, desert, forest, flowers, waterfalls, and
wildlife” (Miller et al., 1992); foliage and flowering plants (Park
et al., 2004)] to explore the notion of “distraction therapy,” few
studies explicitly consider the potential importance of the specific
content of their intervention stimuli: nature (i.e., Diette et al.,
2003; Kline, 2009).
Additional evidence for the role of attention in pain
is provided by investigations of pain catastrophizing, and,
in particular the rumination component of catastrophizing.
Rumination is a preoccupation with pain, when a person attends
to or “keeps thinking” about the pain and “can’t seem to keep
it out of [their] mind.” Findings indicate that of the three
subscales of the pain catastrophizing scale (i.e., magnification,
rumination, helplessness), rumination is the strongest predictor
of pain intensity (Sullivan and Neish, 1998; Sullivan et al., 2001).

Attention and Pain
“Usual uses of the term attention often underemphasize the
controlling role of the environment in favor of the attentiondirecting role of the individual. Reversing this relationship appears
to have heuristic value for the study of chronic pain. . . . ”
(McCracken, 1997, p. 280).
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provides a conceptual framework for understanding how nature

2

December 2019 | Volume 5 | Article 142

Wells et al.

Nature and Pain

While most of these studies operationalize attentional capacity
with a task requiring focus and concentration, a few studies
measure attention not only with concentration tasks, but also
with tasks requiring impulse control or inhibition. Girls living
in large, urban public housing buildings with green, treed
apartment views performed better than girls with barren views in
activities related to concentration, impulse inhibition, and delay
of gratification (Faber Taylor et al., 2002). These findings suggest
that nearby nature is a resource that bolsters cognitive capacity,
enabling young girls living in the context of poverty and crime
to inhibit prepotent or impulsive responses. A second study in
Chicago public housing suggests that nearby nature may have
similar benefits for low income women. Findings indicate that
women with green, natural views performed better on measures
of cognitive functioning (DSB) and were more able to manage
major life issues. Moreover, cognitive functioning was found to
mediate the relation between nearby nature and ability to manage
major life issues (Kuo, 2001).
Although ART has not previously been employed to examine
the influence of nature on pain catastrophizing and pain
intensity, ART provides a compelling theoretical framework for
this topic. Given that exposure to nature enhances one’s capacity
to control or direct attention, and to resist the pull of competing
demands (suppress distracting stimuli), it is reasonable to ask
whether access to nearby nature enables a person to direct
attention away from unproductive ruminations (including the
distraction of pain) and thereby reduces pain catastrophizing and
pain intensity.

affects attention, and in turn, how this association might be
relevant to the pain experience. Building on the work of James
(1892), ART proposes that attention consists of two components:
voluntary or “directed” attention, which requires effort as neural
inhibitory mechanisms block out potential distraction to allow
focus and concentration; and involuntary attention, which is
captured effortlessly. When involuntary attention is gently
engaged, inhibitory mechanisms underlying directed attention
are able to rest and recover, restoring attentional control and
focus. Environments rich in inherently fascinating stimuli easily
engage involuntary attention or “fascination,” allowing directed
attention to recover. Natural settings and stimuli tend to be
particularly effective at engaging involuntary attention. Thus,
exposure to nature enhances attentional capacity. This theory has
been substantiated by a wide variety of empirical research, which
we briefly summarize below.
In recent decades, evidence that nature reduces directed
attention fatigue and enhances attentional capacity has been
found among a variety of subjects. College students with
dormitory views of trees and grass performed better on
cognitive tasks than did students with views predominantly of
buildings, cars, and streets (Tennessen and Cimprich, 1995).
Backpackers who took a wilderness hiking vacation showed
more improvement (pre- to post-vacation) on a proof-reading
task than did others who were assigned to a non-wilderness
vacation or no vacation (Hartig et al., 1991, Study 1). Cognitive
functioning improvements among children whose families
relocated were explained by increases in neighborhood greenness
(Wells, 2000). Children diagnosed with attention deficit disorder
(ADD) have been shown to have fewer symptoms in green
settings (Faber Taylor et al., 2001; Faber Taylor and Kuo, 2009).
Intervention studies indicate that nature bolsters the cognitive
functioning of women recently diagnosed with breast cancer
(Cimprich, 1992; Cimprich and Ronis, 2003). Students randomly
assigned to take a nature walk after completing cognitivelyfatiguing tasks performed better on a subsequent cognitive task
than did others assigned to take an urban walk, or to quietly
relax indoors (Hartig et al., 1991, study 2). Similarly, students
exposed to images of nature recovered from induced directed
attention fatigue, whereas those who saw urban images did not
(Berto, 2005). Adding to this evidence, Berman et al. (2008)
document the specific components of attention that are affected
by nature exposure. The researchers used a within-subjects
design, assigning subjects to either a nature walk or an urban
walk of the same distance. Comparing performance on the digit
span backwards task (DSB) after the walk to before the walk, DSB
improved significantly when participants walked in nature, but
not when they walked on urban streets. In Study 2, participants
were shown images of either nature scenery or urban settings and
along with DSB, the Attention Network Test (ANT) (Fan et al.,
2002, 2005) was used to examine three attentional processes:
alerting, orienting, and executive attention. As hypothesized,
nature affected only the ANT process that most involves directed
attention: executive attention; but had no effect on alerting or
orienting. DSB findings replicated those of Study 1. Moreover,
research evidence also links nature experience to reductions in
rumination among healthy adults (Bratman et al., 2015).
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Summary
Empirical evidence suggests that nature reduces pain intensity
(Ulrich, 1984); that pain draws upon attentional resources
(McCracken, 1997; Sullivan and Neish, 1998; Eccleston and
Crombez, 1999; Sullivan et al., 2001) limiting capacity to
perform cognitive tasks (Arntz et al., 1994; Eccleston, 1995);
various stimuli, including nature, draw attention away from pain,
reducing the pain intensity experience (Arntz et al., 1991; Miller
et al., 1992; Lembo et al., 1998; Diette et al., 2003; Lee et al., 2004;
Park et al., 2004) (for review, see Kline, 2009). Moreover, it is welldocumented that nature enhances attentional capacity, reduces
directed attention fatigue, allows greater focus and cognitive
control (Hartig et al., 1991; Cimprich, 1992; Tennessen and
Cimprich, 1995; Wells, 2000; Faber Taylor et al., 2001, 2002;
Cimprich and Ronis, 2003; Berto, 2005; Berman et al., 2008) and
reduces rumination (Bratman et al., 2015).

The Present Study
Leveraging a previously assembled sample of middle-aged and
older adults with chronic pain, this study examines the notion
that nearby nature may help to reduce pain intensity by
disrupting the linkage between pain catastrophizing and pain
intensity. Second, if attention specifically is affected, we expect
that the relation between rumination, the most attention-related
subscale of pain catastrophizing (as opposed to helplessness
or magnification subscales) and daily pain intensity will be
diminished among those with more nearby nature. Accordingly,
two research questions are examined in this study (Figures 1, 2).
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TABLE 1 | Participant socio-demographic variables.

FIGURE 1 | RQ1 Does nearby nature moderate the pain
catastrophizing—pain intensity relation?

Variable

Levels

#

%

Ethnicity

Caucasian

77

95.1

Hispanic/Latino

1

1.2

African American

3

3.7

Gender
Age

Income
FIGURE 2 | RQ2 Does nearby nature moderate the relation between
pain-related rumination (the most attention-based subscale of pain
catastrophizing) and pain intensity?

Research Question 1 (RQ1) asks: Does nearby nature moderate
the association of pain catastrophizing and daily pain intensity?
Research Question 2 (RQ2) examines: Does nearby nature
moderate the association between rumination and daily pain
intensity, but not the relations between helplessness and pain
intensity, and between magnification and pain intensity?

Marital status

Living companion
(1 unreported)

MATERIALS AND METHODS
Participants
Ninety-six New York City metropolitan area residents were
recruited from patients enrolled in an academically-affiliated
primary care practice in the city. Physicians referred patients
with chronic pain diagnoses to participate in the study. Chronic
pain was defined as “the presence of pain, aching, burning,
or throbbing on most days of every month for at least three
consecutive months in the past year due to a health condition
other than cancer” (Ong et al., 2010, p. 517). Within this
sample, chronic pain was most commonly due to lower back
pain and osteoarthritis of the hip and/or knee. Physicians’
diagnoses of chronic pain were supplemented with inclusionary
and exclusionary criteria based on participant reports of pain.
Only those patients diagnosed with chronic pain who reported
a pain level >5 on a rating scale (0 = no pain, 10 = pain as
bad as you can imagine) during the week prior to the beginning
of the study were included in the sample. Fifteen participants
were excluded from this analysis—two because they provided
only post office box mailing addresses, which prevented objective
measurement of nature surrounding their physical residence,
and 13 who did not provide complete baseline information.
The analytic sample consisted of 81 participants whose sociodemographic characteristics are displayed in Table 1.

Education level

21

25.9

Female

60

74.1

50–59

5

6.2

60–69

10

12.3

70–79

40

49.4

80+

26

32.1

<$7,500

3

3.7

$7,500–14,999

12

14.8

$15,000–24,999

11

13.6

$25,000–39,999

9

11.1

$40,000–74,999

15

18.5

$75,000–99,999

11

13.6

>$100,000

20

24.7

Single

19

23.5

Separated

1

1.2

Divorced

13

16.0

Married

27

33.3

Widowed

21

25.9

Alone
Spouse

41
24

50.6
29.6

Friend

2

2.5

Children

7

8.6

Other

6

7.4

Middle school

5

6.2

High school

11

13.6

Vocational ed

1

1.2

Some college

14

17.3

College degree

21

25.9

Post-college prof degree

17

21.0

Grad, med, law degree

12

14.8

written consent forms and were given initial baseline sociodemographic and personality measure questionnaires which
they returned by mail. Participants then received 14 daily
diary questionnaires containing pain measures, instructions for
operating an electronic stamper used to seal each day’s responses
to insure daily diary completion, and 14 postage-paid envelopes.
Researchers phoned participants with instructions before they
completed the diaries one half-hour before bedtime each day, and
phoned weekly to answer any questions and remind participants
to complete the diaries. Participants sealed each day’s responses
in an addressed envelope and stamped the seal with a hand-held
electronic time stamper (DYMO Corp., Stamford, CT) provided
by the researchers. The stamper imprinted the current date and
time and was programmed such that the date and time could not
be altered. Participants were compensated $75 for participation.
Use of the time stamper to monitor diary completion, along
with weekly phone calls, and monetary incentives resulted in a
high compliance rate that did not differ by gender or age. Of a

Procedure
All data collection procedures were approved by institutional
review boards at Cornell University and Weill Cornell Medical
College and are documented in the parent study (Ong
et al., 2010). Upon meeting study criteria, participants signed
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across weeks, which resulted in a week-to-week correlation
of 0.47.

possible 1,330 time-stamped daily diaries, participants completed
the diary on 1,237 days (93%); 85% of the completed diaries
were completed on time (i.e., on the correct night or before
noon the following day). The modal completion time was 8:00
p.m., with 96% of the diary checklists completed between 6:00
p.m. and 12:00 a.m. Analyses examining only diaries completed
on time revealed no significant difference from analyses using
all completed diaries, regardless of when they were completed.
Final analyses, therefore, are based upon analyses using all
completed diaries.

Person-Level Measures (Level 2)
Residential nearby nature was an objectively measured, personlevel independent variable that provided an indication of how
much nature was proximate to each participant’s home address.
Using Google Maps, a satellite map view of each participant’s
address, generated using the same computer monitor to maintain
a constant image resolution and extent, was set to the 50′ (20 m)
viewing scale. Once the image was centered on the address, a
one-inch grid (10 one-inch squares wide × 5 squares tall, or
500 by 250 feet) was digitally superimposed on the saved map.
The amount of nearby nature was determined by first estimating
the percentage of nature (water, trees, green space) within each
grid square (0, 10, 25, 50, 75, 90, or 100%), and then calculating
the average percentage of nature within the map view. The
overall inter-rater reliability (Ebel) of this measure, based on
three researchers’ estimations of nearby nature for 30 addresses,
was 0.997. This measure was used because land cover data often
does not distinguish between varying amounts of natural areas
in dense urban areas. Additionally, tall building shadows prevent
some trees, grass, and other vegetation from being captured in
satellite images, yielding lower estimates of natural areas. Other
available GIS data containing park, open space, and tree locations
also yield low estimates of natural areas because they exclude
privately owned land that could also contain additional natural
areas, especially surrounding residential locations. Typical areas
of low, medium, and high nearby nature in the New York City
area are displayed in Figure 3.
Because individuals may differ in their ability to capitalize on
positive emotions during stressful events such as the experience
of chronic pain (Ong et al., 2010), psychological resilience
was controlled for in this analysis. Psychological resilience
was measured by the 14-item Ego-Resiliency Scale (Block
and Kremen, 1996) included with baseline questionnaires, and
indicated “the capacity of the individual to effectively modulate
and monitor an ever-changing complex of desires and reality
constraints”(Block and Kremen, 1996, p. 359). Responses were
made on a 4-point scale, ranging from 1 (does not apply at all) to
4 (applies very strongly). Sample items include “I am regarded
as a very energetic person” and “I get over my anger with
someone reasonably quickly.” Responses were then averaged,
yielding a psychological resilience score. For this sample, internal
consistency reliability (Cronbach alpha) was 0.78 and has been
reported previously as 0.76 (Block and Kremen, 1996).
Neuroticism was also controlled for in this analysis. The
Mini-IPIP (20-items from the 50-item International Personality
Item Pool or IPIP) contained a four-item neuroticism scale that
was used to measure person-level neuroticism (Donnellan et al.,
2006). Each item, such as, “I have frequent mood swings,” was
responded to on a 5-point Likert scale, ranging from 1 (strongly
disagree) to 5 (strongly agree). Responses to all four items were
then averaged. For this sample, the reliability (Cronbach alpha)
was 0.76; Donnellan et al. (2006) report alphas ranging from 0.68
to 0.70.

Constructs and Measures
Daily Measures (Level 1)
The dependent variable, daily pain intensity, was reported daily
by participants for 14 days. Participants were asked to rate the
pain they experienced during the current day by choosing a
number between 0 and 10 that “best describes your average level
of pain today: A zero (0) indicated ‘no pain’ while a ten (10)
meant ‘pain as intense as you can imagine”’ (Jensen et al., 1999, p.
159). Reliability was estimated via test-retest correlations across
weeks, which resulted in a week-to-week correlation of 0.72.
The independent variables measured daily for 14 days and
used in this analysis were: pain catastrophizing, rumination,
helplessness, and magnification. Pain catastrophizing, an
exaggerated, negative response to actual or anticipated pain, is
characterized by worry, fear, and difficulty directing attention
away from pain, and is one of the most reliable predictors of
the chronic pain experience (Turk and Rudy, 1992; Sullivan
et al., 1995; Ong et al., 2010). Participants’ pain catastrophizing
was measured by summing responses to seven statements
representing three related but distinct subscales of pain
catastrophizing: rumination, helplessness, and magnification
(Sullivan et al., 2001). Participants selected a number from
one (not at all) to five (all the time), indicating the extent to
which they experienced the feelings described in each of the
seven items. To minimize participant burden, we employed a
7-item scale of pain catastrophizing, rather than the original
13-item scale. Daily pain catastrophizing was measured using
items with the highest total correlations from past research
(Sullivan et al., 1995). Internal consistency reliability of this
7-item measure is 0.91 as reported in the parent study (Ong
et al., 2010). Rumination is the most attention-related subscale,
and is most relevant when examining the effects of nearby nature
on pain. The rumination subscale consisted of three of the seven
pain catastrophizing statements: “I anxiously wanted the pain to
go away,” “I can’t seem to keep the pain out of my mind,” and
“I kept thinking about how badly I wanted the pain to stop.”
Rumination was measured as the sum of responses from these
three items.
To account for variations in participant exposure to nearby
nature and to isolate its effects, daily time in nature was included
as a control variable. The variable was operationalized as the
total time (0, 1–15, 16–30 min, 30 min−1 h, 1–2 h, more than
2 h) participants reported that they viewed, sat, walked, or jogged
outdoors in a green grassy area, meadow or field, forest or treed
woods, flower or vegetable garden, or other outdoor environment
each day. Reliability was estimated via test-retest correlations
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The current study examined two multilevel models. The
first (RQ1) examined whether nearby nature moderated the
pain catastrophizing and pain intensity relation. The second
model (RQ2) explored whether nearby nature moderated the
relation between the rumination subscale of pain catastrophizing,
specifically, and pain intensity. In each model, a Level 1 by
Level 2 interaction term between pain catastrophizing (RQ1),
rumination (RQ2), and nearby nature was added to examine
the hypothesized moderation. Hierarchical Linear Modeling
software (Version 6.0; Raudenbush et al. (2011) was used to
model the two, two-level equations. The full Level-1 and Level-2
models, including all independent variables and control variables,
are provided in Supplementary Material.
As control variables, neuroticism, resilience, age (continuous),
gender, and income (seven levels as illustrated in Table 1) were
modeled as fixed effects and grand-mean centered (indicated
by italics within equations). This centering calculates an
overall average value for each of these variables across the 14
study days and all participants. Catastrophizing, rumination,
helplessness, magnification, and time in nature were all modeled
as random effects.

RESULTS
RQ1: Pain Intensity and Pain
Catastrophizing
Table 2 displays results of the first multi-level model (RQ1),
including final estimation of fixed effects and variance
components (random effects). Intercept or fixed effect
coefficients (β00 -β06 , β10 , β20 ) that are significant indicate main
effects on pain intensity. Pain catastrophizing was a significant
predictor of pain intensity (β10 = 0.27, p < 0.001). The main
effect of nearby nature on pain intensity was non-significant
(β01 = −0.02, p = 0.051). Other coefficients are associated
with catastrophizing (β11 -β16 ) and time in nature (β21 -β26 )
interaction terms. Nearby nature significantly moderated the
pain catastrophizing—pain intensity relation (β11 = −0.006,
p < 0.001). For each unit increase in the percentage of nearby
nature (e.g., from 50 to 51%), the association between pain
catastrophizing and pain intensity weakened by 0.006 when
controlling for psychological resilience, neuroticism, gender,
age, and income. To aid in the interpretation, parameter values
were generated using values one standard deviation (SD) above
and below the mean to represent high and low scores for pain
catastrophizing and nearby nature (see Figure 4). Estimates of
simple slopes from the two-way multilevel interaction (Bauer
and Curran, 2005) confirmed that nearby nature was associated
with significantly lower levels of pain on days characterized
by high (b = −0.051, SE = 0.01, p < 0.001) but not low (b
= 0.020, SE = 0.01, ns) pain catastrophizing. Time in nature
neither predicted daily pain intensity (β20 = −0.05, p > 0.05),
nor interacted with nearby nature (β21 = −0.001, p > 0.05) to
affect pain intensity.
Unlike fixed effects that examine intercepts, random effects or
variance components examine slopes. The pain catastrophizing
slope, or random effect, was also significant, indicating that there
was significant variance in pain catastrophizing at Level 2 or
between-subjects to be explained (χ2 = 140.56, p < 0.001).

FIGURE 3 | Prototypical low (top), medium (middle) and high (bottom) nearby
nature in the New York City area (Imagery: ©2017 Bluesky, DigitalGlobe, New
York GIS, Sanborn, Map data: ©2017 Google, used under license).

Age, gender (males = 0, females = 1), and income
were also measured at baseline and controlled for in this
analysis. Age was a continuous variable, while income was
categorical: <$7,500; $7,500–14,999; $15,000–24,999; $25,000–
39,000; $40,000–74,999; $75,000–99,999; and >$100,000.$$

Overview of Data Structure and Analyses
This study’s two-part analysis examined objectively-measured
nearby nature as a moderator of the associations between
pain catastrophizing and pain intensity (RQ1), and between
rumination and pain intensity (RQ2). The multilevel data
structure consisted of repeated daily measures (up to 14
consecutive days) nested within 81 persons. Multilevel models
are appropriate for repeated measures data because multiple
observations of the same person lack independence. Coefficients
estimated for each Level 1 unit of analysis are analyzed at
Level 2 as dependent variables in a two-level model (Nezlek,
2001). In this study, the daily measures can be analyzed withinsubjects at Level 1 and between-subjects at Level 2. The Level 1
daily measures [pain catastrophizing (rumination, helplessness,
magnification), time in nature] are time-varying and differ across
the 14 days within each participant. The Level 2 person-level
variables (nearby nature, psychological resilience, neuroticism,
age, gender, and income) are constant or time-invariant and vary
only between participants throughout the study.
Frontiers in Built Environment | www.frontiersin.org
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TABLE 2 | RQ1: Multilevel regression predicting daily pain intensity including catastrophizing.
Final estimation of fixed effects (with robust standard errors)
Fixed effect

Estimate

SE

T-ratio

d.f.

p-valuea

For intercept, π0i
β00 intercept

3.4157

0.3220

10.607

74

0.000

β01 nearby nature

−0.0159

0.0080

−1.984

74

0.051

β02 resilience

−0.5078

0.5425

−0.936

74

0.353

β03 neuroticism

−0.0437

0.4061

−0.108

74

0.915

0.0458

0.6348

0.072

74

0.943

β05 age

−0.0129

0.0241

−0.535

74

0.594

β06 income

−0.1668

0.1191

−1.401

74

0.166

β04 gender

For catastrophizing, π1
β10 intercept

0.2690

0.0331

8.1250

74

<0.001

−0.0056

0.0010

−5.360

74

<0.001

0.0564

0.0512

1.103

74

0.274

β13 neuroticism

−0.0121

0.0419

−0.290

74

0.773

β14 gender

−0.0838

0.0531

−1.577

74

0.119

β15 age

0.0039

0.0022

1.798

74

0.076

β16 Income

0.0275

0.0116

2.381

74

0.020

β20 intercept

−0.0484

0.0253

−1.915

74

0.059

β21 nearby nature

−0.0011

0.0007

−1.607

74

0.112

β22 resilience

−0.0288

0.0310

−0.929

74

0.356

0.0894

0.0283

3.161

74

0.003

β24 gender

−0.0067

0.0335

−0.200

74

0.843

β25 age

−0.0026

0.0020

−1.293

74

0.200

0.0157

0.0098

1.607

74

0.112

SD

Variance component

d.f.

Chi–square

p-value

Intercept r 0

1.6330

2.6668

73

319.2644

<0.001

Catastrophizing slope r 1

0.1233

0.0152

73

140.5581

<0.001

Time in nature slope r 2

0.0853

0.0073

73

104.8853

0.009

Level-1 e

1.4686

2.1567

β11 nearby nature
β12 resilience

For time in nature, π2

β23 neuroticism

β26 income
Final estimation of variance components
Random effect

a

Bolded p-values indicate significance at the 0.05 alpha level.

The pain intensity model that included pain catastrophizing
accounted for 23.9% of the within- and 28.9% of the betweenperson variance in pain intensity, calculated by comparing
variances between fully conditional and unconditional models.
These percentages are proxies for effect sizes. Nearby nature
accounted for 0.26 and 0.21% of the within- and between-person
variances, respectively. The control variables (time in nature,
psychological resilience, neuroticism, gender, age, and income)
accounted for an additional 6.9 and 7.3% of the within- and
between-person variances.

RQ2: Pain Intensity and Rumination,
Helplessness and Magnification
FIGURE 4 | Relationship between pain catastrophizing and pain intensity as a
function of nearby nature. High and low values were defined as one standard
deviation from the mean.
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TABLE 3 | RQ2: Multilevel regression predicting daily pain intensity including rumination, magnification, helplessness.
Final estimation of fixed effects (with robust standard errors)
Fixed effect

Estimate

SE

T-ratio

d.f.

p-valuea

For intercept, π0
3.4831

0.3269

10.654

74

<0.001

β01 nearby nature

β00 intercept

−0.0228

0.0084

−2.710

74

0.009

β02 resilience

−0.6567

0.5512

−1.191

74

0.238

β03 neuroticism

−0.1629

0.4211

−0.387

74

0.700

0.2124

0.6394

0.332

74

0.740

β05 age

−0.0226

0.0229

−0.986

74

0.328

β06 income

−0.1478

0.1185

−1.247

74

0.217

β04 gender

For rumination, π1
β10 intercept
β11 nearby nature
β12 resilience

0.2788

0.0680

4.099

74

<0.001

−0.0063

0.0017

−3.795

74

<0.001

0.0882

0.0776

1.136

74

0.260

β13 neuroticism

−0.0316

0.0657

−0.482

74

0.631

β14 gender

−0.0610

0.0688

−0.887

74

0.378

β15 age

0.0019

0.0045

0.418

74

0.676

β16 income

0.0338

0.0208

1.628

74

0.107

For helplessness, π2
0.3080

0.1606

1.918

74

0.059

β21 nearby nature

β20 intercept

−0.0078

0.0047

−1.677

74

0.097

β22 resilience

−0.0643

0.2199

−0.292

74

0.771

β23 neuroticism

−0.0479

0.1558

−0.308

74

0.759

β24 gender

−0.3088

0.2664

−1.159

74

0.251

β25 age

0.0017

0.0104

0.166

74

0.869

β26 income

0.0259

0.0438

0.591

74

0.556

For magnification, π3
β30 intercept

0.1962

0.1363

1.440

74

0.154

−0.0036

0.0045

−0.792

74

0.431

β32 resilience

0.0703

0.1264

0.556

74

0.579

β33 neuroticism

0.0064

0.1172

0.055

74

0.957

β34 gender

0.0447

0.1327

0.337

74

0.737

β35 age

0.0105

0.0063

1.660

74

0.101

β36 income

0.0139

0.0345

0.403

74

0.688

β40 Intercept

−0.0482

0.0260

−1.858

74

0.067

β41 nearby nature

−0.0007

0.0008

−0.832

74

0.408

β42 resilience

−0.0167

0.0321

−0.520

74

0.604

0.0828

0.0283

2.922

74

0.005

β44 gender

−0.0156

0.0328

−0.476

74

0.635

β45 age

−0.0022

0.0020

−1.075

74

0.286

0.0154

0.0095

1.615

74

0.110

SD

Variance component

d.f.

Chi-square

p-value

Intercept r 0

1.5729

2.4741

55

175.4792

0.000

Rumination slope r 1

0.1608

0.0258

55

57.9279

0.368

Helplessness slope r 2

0.6105

0.3727

55

143.8126

0.000

β31 nearby nature

For time in nature, π4i

β43 neuroticism

β46 income
Final estimation of variance components
Random effect

Magnification slope r 3

0.2569

0.0660

55

42.9983

>0.500

Time in nature slope r 4

0.0871

0.0076

55

80.5423

0.014

Level-1 e

1.3968

1.9511

a Bolded

p-values indicate significance at the 0.05 alpha level.
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effects on pain intensity. Other fixed effects coefficients are
associated with interactions between Level 1 and Level 2
predictors. Significant main effects of rumination (β10 = 0.28,
p < 0.001) and nearby nature (β01 = −0.02, p = 0.009) on
pain intensity were found. Consistent with the RQ2 hypothesis,
nearby nature moderated the rumination-pain intensity relation,
but not the magnification-pain intensity or the helplessness-pain
intensity relations. For every unit increase in nearby nature, the
association between rumination and pain intensity weakened by
0.006 (β11 = −0.006, p < 0.001). Significant main effects of
rumination and the interaction between rumination and nearby
nature were independent of neuroticism, psychological resilience,
gender, age, and income. As depicted in Figure 5, the simple
slopes confirmed that on high rumination days (b = −0.042, SE
= 0.01, p < 0.001), variation in nearby nature was significantly
associated with lower pain, but there was no such association
on low rumination days (b = −0.004, SE = 0.01, ns). Time in
nature neither predicted daily pain intensity (β40 = −0.05, p >
0.05), nor interacted with nearby nature (β41 = −0.001, p > 0.05).
The rumination variance component was also not significant,
indicating that there was no significant Level 2 variance to
be explained.
The fully conditional pain intensity model that included
rumination accounted for 31.0% of the within- and 34.0% of
the between-person variances in pain intensity when compared
to the fully unconditional model. Nearby nature accounted for
0.1 and 0.8% of the within- and between-person variances,
respectively. The control variables (time in nature, psychological
resilience, neuroticism, gender, age, and income) accounted for
an additional 7.9 and 7.8% of the within- and between-person
variances. Final estimations of fixed effects with robust standard
errors and variance components are displayed in Table 3.

nearby nature moderates the relation between pain-related
rumination and pain intensity. By buffering the impact of pain
catastrophizing—and rumination (subscale of catastrophizing)—
on pain intensity, the presence of nature in the urban residential
environment reduces pain intensity among community-dwelling
middle-aged and older adults living with chronic pain. This
finding is consistent with prior evidence linking nature exposure
with acute pain reduction (Ulrich, 1984; Diette et al., 2003) and
extends our understanding to chronic pain.
These findings—particularly confirmation of the differential
hypothesis, that nearby nature moderates the relation between
rumination, the most attention-based component of pain
catastrophizing and pain intensity, but does not moderate the
relations between the other two subscales of pain catastrophizing:
helplessness and magnification, and pain intensity—lends
credence to the notion that it is through its impact on attention
that nature buffers the association between catastrophizing and
pain intensity.
This study makes several important contributions relevant
to both theory and practice. First, this study extends the
findings of prior research that focused on the role of nature
in the context of acute pain—to chronic pain. Second, this
investigation moves beyond clinical and healthcare settings to
consider how nature, a neighborhood resource, might ameliorate
the experience of pain intensity. As researchers and practitioners
strive to identify strategies to reduce pain intensity experienced
by community-dwelling chronic pain sufferers (Reid et al., 2008;
Tobias et al., 2014), the nearby natural environment may provide
one such opportunity. Importantly, the reported buffering effects
of nearby nature are clinically significant—with a reduction
of pain intensity of nearly two points (on a 10-point scale)
among those with the highest levels of pain catastrophizing
(RQ1, Figure 4, Table 2) or pain rumination (RQ2, Figure 5,
Table 3). Moreover, the context of this study—a large urban
environment—enhances both its ecological validity and practical
utility. Globally, an estimated 1.5 billion people experience
chronic pain1 and according to worldwide statistics, half of the
population lives in urban areas, where access to nature may be
limited. These findings underscore the importance of ensuring—
through architectural and urban design decisions and policies—
that every resident of our cities has access to nearby nature.
Lastly, on a theoretical level, this study begins to integrate
findings from diverse arenas. The literature documents that: (1)
pain demands attention and impairs performance on cognitive
tasks that require attention; (2) nature restores the capacity to
direct attention and to recover from cognitive fatigue; (3) and
nature stimuli have been employed to reduce the intensity of
acute pain; however, these literatures had not previously been
integrated, nor applied to issues of chronic pain.

DISCUSSION

Limitations

This study represents a preliminary foray into nature’s
relationship to pain intensity among chronic pain sufferers
living in an urban environment. Consistent with the hypotheses,
we find that nearby nature moderates the effect of pain
catastrophizing on pain intensity; and more specifically, that

This study is not without limitations. First, because of the
heterogeneity of the participant sample (e.g., ethnicity, income,
cause, and intensity of chronic pain), generalizability of the
results may be limited. Second, many other variables such as
anxiety, depression, and social networks that could affect pain
catastrophizing were not included in this analysis. Third, due

FIGURE 5 | Relationship between pain rumination and pain intensity as a
function of nearby nature. High and low values were defined as one standard
deviation from the mean.
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FIGURE 6 | Future research might examine: (A) what mediating mechanism underlies nearby nature’s buffering of the pain catastrophizing-pain intensity and
rumination-pain intensity associations; and (B) the interaction of nearby nature and time in nature.

intensity relation(s) (Figure 6A), future research might employ
measures of attentional capacity [such as Digit Span Backwards
(Kuo and Sullivan, 2001; Berman et al., 2008) or Attention
Network Test (Fan et al., 2002, 2005; Berman et al., 2008)].
In addition, future research might focus on the effects of
engaging with nature in addition to the presence of nearby
nature. With a more valid and reliable measure of time
spent in nature (e.g., objective, rather than self-report), future
research might consider how various degrees of engagement
with the natural environment affect the catastrophizing (and
rumination)-pain intensity relation(s) as well the direct effects
of varying degrees of nature engagement on pain intensity.
Moreover, future studies might examine a 3-way interaction
effect—i.e., pain catastrophizing × nearby nature x time in nature
(Figure 6) with the hypothesis that nearby nature’s buffering
effect will be bolstered when individuals with chronic pain
spend time engaged in nature. Regarding time in nature, future
investigations might also consider the context and meaning
that pain may have during and after engagement in nature.
For example, pain intensity may increase following physical
activity in a park and the interpretation of that pain may vary
considerably across individuals.
Future studies might also attempt to tease apart distraction
of attention from attention restoration in the context of
chronic pain by comparing the effect of natural vs. nonnatural stimuli. Such a study might examine non-natural
stimuli (hypothesized to distract but not restore attention)
to natural stimuli (hypothesized to restore attention). Lastly,
intervention research would be a particularly valuable next
step. A randomized controlled trial assigning individuals with
chronic pain to various levels of nature or to nature vs. nonnature exposure would allow for clearer causal conclusions
regarding nature’s buffering effect on the pain catastrophizing–
pain intensity relation.
Other factors that may impact the relationships examined in
the current study include an individual’s broader socioeconomic
niche, the dynamics of specific pain-related behaviors and
the interpretation and meaning individuals attribute to their
experience of pain, all of which should be the focus of
future investigations.

to the non-experimental nature of this study, causal conclusions
cannot be made. Fourth, although income at the individual
level was controlled for in the analyses, neighborhood-level
socioeconomic status could be a confounding variable. Fifth,
although use of Google Earth images overcomes some limitations
of land cover data in urban areas, estimates of nature based on
aerial, two-dimensional Google Earth satellite images represent
nature visible from an above-ground viewpoint and may not
reflect the experience of nature at ground level (Leslie et al.,
2010; Sugiyama et al., 2010). Therefore, some variability between
imagery and participant experience related to quality, use, and
access may have occurred. Sixth, our analyses of time in nature
relied on a self-report measure that is subject to reporting biases.
Although time in nature served as a control variable in this
study, its non-significant effect on pain intensity and absence of
a moderating effect on the catastrophizing–pain intensity and
rumination-pain intensity associations is somewhat unexpected
and may be due to limitations of the self-report measure of
time in nature. In addition, small sample size is a limitation. A
larger sample, with greater statistical power might yield larger
effect sizes.

Future Research
Further research is needed to better understand the moderating
influence of nature on the associations between pain
catastrophizing and pain intensity and between pain-related
rumination and pain intensity. Although the findings reported
here are consistent with prior evidence, the mechanism(s)
through which nature affects the pain catastrophizing (and
rumination)-pain intensity relation(s) is not clear. While a
variety of studies indicate that attention is a key factor in the
experience of pain, the notion of distraction may be a relatively
superficial perspective. Perhaps the potency of nature to reduce
pain is not merely a matter of “distracting” attention, but
instead, nature affects attention in a more profound way—by
enhancing directed attention capacity—i.e., the ability to focus
and concentrate, to control attention and to resist unproductive
preoccupations. According to ART, this may be the case. To
examine through what mechanism (mediator) nearby nature
buffers (moderates) the catastrophizing (and rumination)—pain
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analysis. MR assisted in study design and oversaw data collection.
All authors read, edited, and contributed to the writing of
final manuscript.

Our results indicate that the presence of nearby nature
buffers the relation between pain-related catastrophizing and
pain intensity among commuting-dwelling urban residents who
suffer from chronic pain. Moreover, nearby nature moderated
the relation between pain-related rumination and pain intensity,
but not the relation between helplessness and pain or between
magnification and pain, suggesting a central role of attention.
These finding may inform the development of pain mitigation
strategies to assist people who experience chronic pain.
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