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Abstract

Background: The Park Rx study is a prospective, randomized controlled trial implemented
within a federally qualified health center serving a low-income population in Washington, DC.

Design and setting: The 5-year randomized controlled trial will recruit 500 children, ages 6-16
to be randomized to receive either a park prescription (Park Rx) during routine clinical visits
(intervention arm) or care as usual (control arm).

Intervention: Park prescriptions promote both physical activity and exposure to nature. The
prescription includes a place (i.e., park), an activity, a frequency, and a duration. Compared to
usual care, we expect children receiving a park prescription will have greater physical activity
levels and improved physical and mental health outcomes.

Implications: The results of the Park Rx trial will demonstrate the efficacy of the intervention
and whether it will increase time spent in nature-rich areas (i.e., parks); have any biological
impacts on health, including reducing hypercholesterolemia, hypertriglyceridemia, HbAlc, body
mass index (BMI), and impact mental health, including stress and cognitive functioning.

Trial Registration: ClinicalTrials.gov identifier: NCT04114734. Registered on October 3, 2019.

Keywords
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1. Introduction: Rationale for the Park Rx trial

1.1. Health benefits of physical activity, outdoor activity, and nature exposure

Regular physical activity provides multiple health benefits [1] including reduced risk of
cardiovascular disease, hypertension, hyperlipidemia and Type 2 diabetes, colon cancer,
osteoporosis, depression, and other chronic diseases. Physical activity increases lean body
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mass and contributes to the control of body weight. In addition, physical activity increases
bone mass, reduces sleep disorders, and improves psychological well-being among adults
and children [2-4]. Time spent outdoors is associated with increased physical activity among
children [5] and lower chronic disease rates in a population-based sample of working age
American adults in the National Health and Nutrition Examination Survey (NHANES) for
2009-2012 [6]. Although most of the benefits of physical activity have been documented

in adult populations, research suggests that habitual physical activity also benefits children,
not only to support motor skills, healthy muscle development and bone growth [7], but

also to reduce the risk of cardiovascular disease [8], obesity [9], hypertension [10] and
hyperlipidemia [11]. Yet participation in physical activity declines among U.S. youth as they
age [12].

While physical activity alone has benefits, physical activity outdoors may have additional
positive effects beyond the well-recognized cardiovascular benefits, including reductions of
psychological stress, blood pressure, heart rate and cortisol and improved cognitive function
[13-15]. Recent studies have investigated the role of spending time outdoors in nature, not
only on stress, but also on cognitive skills, including a variety of constructs associated

with learning, self-control and attention [15-19]. There is growing evidence suggesting

that children who spend more time in green space have better cognitive functioning [20],
fewer behavioral problems and lower rates of hyperactivity than children who don't play
outdoors [21]. There is some evidence that contact with nature is a factor that can ameliorate
ADHD [22], lower blood pressure, and improve cognitive functions [23,24]. Nevertheless,
some studies show no impact for adults [25,26] and others that used accelerometry to
measure the impact of nature exposure on physical activity in children showed increases

in light physical activity, but no changes in moderate-to-vigorous physical activity [27,28].
Systematic reviews of nature and health outcomes for both children and adults are mixed,
indicating a need for stronger designs [29-31]. A recent systematic review of 108 studies
that evaluated nature and physical activity among children showed that 66% had positive
associations [32].

1.2. Promoting physical activity, outdoor activity, and nature exposure among children in

the U.S

Because patterns of physical activity (outdoor and indoor) are often established in childhood
and persist over time, it is important to establish routine physical activity habits as early as
possible [33]. However, the transition from childhood to adolescence is associated with a
34% decline in physical activity in girls [34]. Lower rates of leisure physical activity among
low-income groups likely contribute to health disparities that are ultimately manifested in
disproportionate rates of chronic diseases [35,36].

In the US an estimated 40% of children live in poverty or near the poverty level [37].
Low-income children have lower levels of achievement, worse health, and more behavioral
and emotional problems than children who are more advantaged [37,38]. The sources of
these disparities are many and include lower levels of cognitive stimulation and higher levels
of stress [37,38]. Both physical activity and exposure to nature have been associated with
stress reduction and better cognitive functioning [15-19,39]. That low-income populations
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spend less of their leisure time in physical activity and less time in outdoor settings than
higher income populations, and use parks at a lower frequency than higher income groups
[40] may, in part, explain health and achievement disparities.

Public parks provide free physical activity opportunities, potentially more attractive

than indoor physical activity. Neighborhood parks are designed for moderate-to-vigorous
physical activity (MVPA) and are the preferred site of leisure time physical activity in

many communities, particularly among minority and disadvantaged groups that cannot
afford to join health clubs or may not have access to them [41]. Both youth and seniors

are more physically active when outdoors [42,43]. Adolescents are more likely to engage

in physical activity, and achieve their highest physical activity levels outdoors [44]. Most
localities maintain parks, and most Americans in urban communities have a park within a
half-mile radius of their homes [45]. However, neighborhood parks in communities across
the US are generally underutilized and provide limited programming that supports moderate-
to-vigorous physical activity (MVPA), particularly in low- income neighborhoods [46]. The
National Study of Neighborhood Parks found that every 10% increase in neighborhood
poverty level was associated with 20% fewer visitors in local playgrounds [47]. From the
population health perspective, neighborhood parks have the potential to support much more
leisure-time physical activity than what they currently do. Park prescriptions were developed
to encourage patients to engage in more physical activity and spend time outdoors in natural
settings.

1.3. Study design

1.3.1. Overview of the intervention—A park prescription is a formal clinical
recommendation to be active outdoors. During routine primary care visits for well child

care and chronic care follow up, providers engage the participant in brief dialogue to ask
questions of the participant/family regarding where they feel safe and comfortable outside
(most often a park), what they enjoy doing outside (an activity), how many times per week
and on which days they can commit to an activity (frequency), and for how many minutes or
hours (duration). Providers are trained to ask about safety, comfort, interests, and schedules.
In this way, the prescription becomes a consensus between the family and the provider to
ensure the plan is feasible and allows parental support, but is also flexible to allow, when
appropriate, other family members or acquaintances to chaperone, or older children to fill
the prescription on their own. This brief physician intervention affords a unique opportunity
for the provider to use their medical expertise to maximize therapeutic potential, safely.
While using the parkrxamerica.org platform, the provider creates a park prescription which
must include a park or other nature-rich environment, an activity, a frequency, and a duration
of time (i.e., walk your dog with your sister at Garrison Park, every day, for 30 min).

Providers use the park prescription platform, known as Park Rx America, which is a
searchable park database (aka park formulary) that allows health providers to search for
parks by address, landmarks and park amenities. Using the same platform, the provider
sends the participant an electronic reminder (SMS text or email), commensurate with the
frequency of the prescription (e.g., every day). The provider then reminds the participant and
family to check their text/email, to answer 1-2 research questions, and log every time they
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fill their park prescription. Providers then document the park prescription in the electronic
health record by pasting the exact prescription from the platform back into the electronic
health record in the treatment section of the participant's note, corresponding to an ICD 10
diagnostic code. This entire process takes on average 2—3 min of provider time, and is done
in lieu of more general advice about the importance of exercising or moving more.

The prescription is provided both verbally and patients are given a printed prescription. In
addition, patients are sent a reminder by text or email, showing which park was prescribed.
(See Fig. 1) The reminder asks participants to log that they filled their prescription on
ParkRxAmerica.org either during or after their park visit, after they answer questions about
mood and nature connectedness. They can only log 1 park prescription per day. The Park Rx
America platform records when the park was prescribed, which parks were prescribed, who
prescribed the park, and when the patient logs a visit to the park.

Depending on the complexity of chronic disease and other clinical considerations of each
participant, the provider then schedules a follow up appointment, generally with a maximum
interval of three months, between one visit and the next. Every time the participant returns
for a follow-up routine visit, the provider uses a unique park prescription code (found in

the previous clinical note) to review how many times the previous park prescription was
filled through their individualized parkrxamerica.org account. After weighing the success
and barriers of the previous park prescription in the context of the participant's medical
conditions, the provider re-engages the participant by asking questions of safety, comfort,
activity and commitments to frequency and duration, in order to generate a new unique park
prescription. This process repeats itself approximately every three months for the duration of
study enrollment (24 months).

Given the onset of COVID-19 epidemic and restrictions on movement, with provider and
patient hesitancy in issuing and filling park prescriptions respectively, we trained and
encouraged providers to issue nature prescriptions, which can be customized to a place
other than a park and where physical activity is possible. Henceforth, “park prescription”
and “nature prescription” will be used interchangeably.

1.3.2. Experimental design—This study is a longitudinal, two-arm, randomized
controlled trial. (See Fig. 2) The intervention arm (250 participants) is receiving routine
medical attention, including a park prescription, at regular intervals (ranging from every

1 to 3 months). The control arm (250 participants) is receiving only routine medical
attention. Each enrolled participant will take a baseline measurement before any intervention
takes place. Scheduled follow-up times are at 3, 6, 12, and 24 months after the baseline.
Enrolled patients will be blocked by gender, age group and health status jointly. Age groups
are defined as ages 6-9 and ages 10-16. Health status groups are defined as 1) having
overweight/obesity only and no other conditions, or 2) at least one chronic condition (e.g.,
high triglycerides/cholesterol/pre-diabetes, Type2 diabetes, ADHD). A patient with chronic
conditions may or may not be overweight/obese. This yields a total of eight blocks (gender
by age group by health condition). Within each block, we will use a sequence of random
numbers to assign participants into the two study conditions.
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1.3.3. Eligibility criteria—An eligible individual must meet all of the following criteria:
1) Informed assent and parental informed consent to participate in the study; 2) Stated
willingness to comply with all study procedures and availability for the duration of the
study; 3) Pediatric patients ages =6 and < 16 with one or more diagnoses of chronic
conditions that usually require two or more routine health care provider visits per year; 4)
One or more eligible diagnoses (ADHD, Overweight or obesity, hypertriglyceridemia or
hypercholesterolemia, pre-diabetes and Type 2 diabetes); 5) Having not already received a
prior nature prescription; and 6) Likely to live in the Washington DC area in the next 2
years.

Exclusion criteria include: 1) Individuals who have previously been given a park
prescription; 2) Activity restrictions that limit one's ability to engage in intense physical
activity; 3) Individuals with a sibling already enrolled.

1.3.4. Recruitment and adjustments due to SARS-COV-2—The commencement
of study participant recruitment (March 2020) coincided with some of the earliest pandemic
lock-down mandates. Given the closing of clinics where we had intended to conduct in-
person recruitment, we had to change to a remote recruitment protocol. Bilingual Spanish-
English research assistants are responsible for recruitment. Based on age and eligibility
criteria, a list of eligible patients was developed. Initially, a letter was sent to all eligible
patients informing them that they may receive a call about the study. Research assistants
called eligible families, explained the study details, the need to wear an accelerometer for
one week at each of the study visits (baseline, 3, 6, 12 and 24 months) and the $40 incentive
offered at measurement. Patients who consent are randomized to one of the two study arms.
All materials are available in English and Spanish. Baseline measures, including surveys and
accelerometry, are collected before participants are randomized.

1.3.5. Process evaluation—Providers are observed at least one time during a patient
visit. Observers document how closely the providers followed the protocol, including the
documentation of prescribing a place for outdoor physical activity, a frequency and duration.
Table 1 lists the specific items documented.

After the observation, feedback is provided with the intent to improve and standardize
the nature prescription, the reminder, and documentation in the electronic health record.
In addition to the online training and observations, every park prescription is tracked and
followed by the study team, to ensure adherence to the study protocol. We will be able
to report the percentage participation in the study as well as the percentage that fills the
prescription as ordered.

1.3.6. Data collection protocol—Once enrolled participants are given an
accelerometer (GT3X) to wear for 7 days on their waist. Caregivers do not need to keep

a log of the wear time, as this is automatically captured by the accelerometer. Because
in-person visits were not possible and the mail was unreliable, deliveries and pickups were
scheduled with a driver. Surveys assessing behavior, including self-reported park visits,
stress, cognition and use of electronic media are conducted over the phone.
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1.3.7. Participant discontinuation from the study—Study participants are free to
withdraw from participation in the study at any time upon request. The reason for participant
discontinuation or withdrawal from the study is recorded on a Case Report Form (CRF).

A participant is considered lost to follow-up if he or she fails to return for 4 subsequent
scheduled visits and study staff are unable to contact the participant after at least 5 attempts.

1.3.8. Primary outcome measures—The first primary outcome is accelerometer-
measured moderate-tovigorous physical activity (MVPA) as measured by Actigraph GT3x
accelerometers. In the literature MVPA cutpoints for children have varied between 500

and 3200 counts per minute [48,49] while others use agespecific cutpoints [12]. We chose
3000 counts/per minute as the cutpoint to initially evaluate the data, but given that our
outcome will be the difference between baseline and follow-up this choice will not have a
major effect on the intervention outcome. Ultimately we will also analyze the data using

the Freedson cutpoints recommended by age group [48]. Although we are striving to have
participant wear the accelerometers for 1 week during all waking hours, we will analyze all
data with over 400 min of wear time/day, and compare this to results with more rigorous
wear time of at least 4 days and 10 h per day. In the literature, the minimum requirement for
wear time varies between 8 and 12 h per day for 3—4 days [50,51]. We chose the minimum
requirement of 8 h for 3 days of the week, which reduces the need for re-wears, and does not
appear to alter data quality [50,51].

The second primary outcome is self-reported park use. In addition to collecting data from
the Park Rx America's platform in which participants report their park use as filling the
prescription, we ask participants to self-report their park use at every measurement visit. We
also ask participants in the control group to answer the same questions about park use at
their interim visits. We ask participants to report how often they visit any parks in the last
week and month, how long they stayed, and what their primary activity was at the park.
Questions about park use and frequency have been previously validated [52].

1.3.9. Secondary outcome measures—Secondary outcomes include BMI/BMI
percentile extracted from the electronic health record and a set of biomarkers (cholesterol,
triglycerides, and HbA1c). We are using the Perceived Stress Score (PSS 10) which is a
validated scale with a 5-option Likert responses for adults and youth with a junior high
education [53,54]. We are using the PSS-C (Perceived Stress Scale for Children), for
children with less than a junior high education [55].

Given the ongoing restrictions on in-person research activity within Unity Health Care Inc.'s
health center sites and the need for remote recruitment, cognition is now being captured by
the PROMIS Pediatric Short Form v1.0 - Cognitive Function 7a and the PROMIS Parent
Proxy Short Form v1.0 - Cognitive Function 7a questions from the NIH Toolbox [56]. If

the participant is between 8 and 16 years old, both the parent and the child complete the
PROMIS questions. If the participant is =6 but <8, only the parent is asked the PROMIS
questions.
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2. Specific aims

Aim 1- To test whether park prescriptions will increase park visits and accelerometry-
measured physical activity among children, Hypothesis: Children prescribed park
prescriptions will visit parks more frequently and accrue more weekly MVPA than similar
children not prescribed park prescriptions.

Aim 2- To identify any biological impacts of park prescriptions on health, including impact
on hypercholesterolemia, hypertriglyceridemia, HbA1C, overweight and obesity, for those
patients with relevant diagnoses. Hypothesis: Children prescribed park prescriptions will
have more favorable improvements in biomarkers than similar children who do not get the
park prescriptions.

Aim 3- To explore impacts on mental health, including stress and measures of cognitive
functioning. Hypothesis: Children prescribed park prescriptions will have more favorable
improvements in stress and cognitive functioning than similar children who do not get
the park prescriptions. Study hypotheses under Aims 1 to 3 will be tested by a set of
repeated-measure regression models.

Aim 4- To determine whether there are age and gender differences in adherence to and
impact of park prescriptions. Under this aim we address age group differences as well as sex
as a biological variable.

2.1. Statistical analysis plan

We propose to implement intent-to-treat (ITT) analysis under all aims, where the treatment
condition is based on randomized assignment rather than actual compliance (e.g., whether
a patient will visit a park). We anticipate a low- to moderate-level of attrition in study
participants (an attrition is defined as lacking all follow-up measurements) given the
financial incentive and retention efforts, as well as the intervention being concurrent

with their routine medical visits. Unless patients change providers or they intentionally
drop out, we will be able to assess outcomes in their electronic health records. Since all
predictors are measured at baseline, we will be able to apply the standard missing at random
(MAR) assumption to account for missing data in the outcome by properly conditioning
on covariates which are correlated with the propensity for attrition. In the case of high
correlation between (some) covariates and missingness, we will do weighting adjustment
in all statistical analyses, where weights are the conditional probability of observing a data
point given the predictors. Statistical models will be fitted by quasi-likelihood where the
classic likelihood is weighted to adjust for the propensity of observing the data point. We
will fit longitudinal regression models and test the treatment effects for each follow-up
wave separately. Aims 1 to 3 will be based on the same model equation with different
distributional specifications for the corresponding outcome measures. Aim 4 will expand
the model to subgroup analyses by gender and age groups. Analysis under all aims will be
expanded to test potential moderations, including effect moderation by neighborhood-level
variables (park quality, size, local population density, local poverty level) and individual-
level variables. Due to the limited sample size and the relatively large number of moderators,
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we will test only one moderator a time to examine the marginal moderating relationship. All
analyses will be performed using SAS 9.4.

2.2. Power analysis

Our plan is to recruit 500 participants allowing for a 20% drop-out rate over time. Under

the regular setting of power > 0.80 and two-sided p-value<.05 we can detect a standardized
effect size of 0.28 times SD of an outcome and 0.40 times SD for a subgroup analysis with a
half of the total sample size. Our preliminary data from the first 78 participants suggest that
the SD of daily MVPA time is 14.6 min and varies between 9 and 18 min by subgroups. The
detectable effect sizes are translated to 4.1 min overall and 2.5 to 5 min by subgroups.

For reference, the sample mean of the baseline outcome is 10.7 min/person*day for all
MVPA.

3. Discussion

3.1. Contextual barriers

The National Capital Region, including Washington DC, and parts of Maryland and
Virginia, all experienced varying degrees of lockdown, with restrictions placed on public
gatherings, especially in public places, including parks at the beginning of our study.

In addition, mask mandates were also passed, in an effort to further decrease the person-
toperson transmission of COVID-19. Especially during the first half of 2020, our study team
observed both a hesitancy in providers' willingness to prescribe parks, and in participant
families' comfort level with spending time outdoors, especially in parks. Early on in

the lockdown, this meant that participants in the intervention arm might be limited to

a backyard, a patio, a balcony or open window overlooking green space, or even a
neighborhood sidewalk lined with trees.

As the vast majority of our study participants transitioned from in-person to online learning
in March 2020, schools were struggling to create online curricula to meet every student's
needs, with a focus on equity. It is unclear to us, at this time, how this change from in-person
to online learning, and the paucity or absence of physical education, which for most students
in the National Capital Region, lasted from March 2020 through June 2021, will impact our
study results. In particular, it is unclear how this sudden and dramatic change in the daily
life of a student, might impact each participant's ability and probability of filling their park
prescription.

The increase in racial unrest, fueled by police brutality, in the summer of 2020, presented
another potential barrier for our study participants to spend time outdoors time in public
spaces. Nearly all our participants are BIPOC (black, indigenous, people of color), and
would be at higher risk of experiencing a negative encounter with lawenforcement, when
compared to White counterparts. In addition to being BIPOC (black indigenous people

of color), many of our participants are immigrants, and/or whose parents/guardians are
foreignborn. 2020 was an election year, with a concomitant rise in antiimmigrant sentiment,
and in racially-motivated crime.
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On January 6, 2021, another unusual event occurred in Washington DC, at the United
States Capitol Building, an insurrection. For people living in Washington DC, freedom

of movement was again restricted, and shortly after the insurrection, a barbed wire fence
perimeter was erected around the perimeter of the US Capitol Grounds, which remained

in place for more than two months. The US Capitol Grounds is a 58-acre park and an
accredited arboretum. For many people living near the US Capitol, the Capitol Grounds fill
an important public health need, access to green space. The insurrection and subsequent
restricted access to the US Capitol Grounds, undoubtedly impacted movement of people
through one of Washington, DC's largest parks.

Another barrier was the sudden transition from in-person visits to telemedicine visits. March
2021 was beginning of incorporating telemedicine visits into provider schedules, at Unity
Health Care Inc. The practice of telemedicine at Unity was new to both patients and
providers. Not all visit types lent themselves well to the format of telemedicine. Most of the
study participants are low-income, and live in crowded housing, which adds another layer of
difficulty to safeguarding patient privacy. Unreliable Wi-Fi and shared indoor spaces present
a challenge to both providers and patients. With regard to the intervention, it was initially
not unusual for providers to shed doubt as to the feasibility of issuing a park prescription

in such less-than-ideal environments. Fortunately, Park Rx America's nature prescribing
platform was designed to be used both in-person and for virtual visits. However, the absence
of face-to-face interaction with participant families, during telemedicine visits, resulted in
difficulty in providers' confirming participants' receipt of the park prescription reminder text
or email.

Because our study team had no face-face contact with participants, we could not hand

them accelerometers or the incentive gift cards. We found the mail to be unreliable and
encountered many problems with mailboxes broken into and mail stolen. We therefore hired
a driver to deliver and retrieve the accelerometers, and sent the gift cards electronically.
Because gifts cards were delivered electronically, some families had trouble redeeming
them. This has resulted in frequent complaints from participating families, and some have
withdrawn because of their frustration with redeeming gift cards.

Lastly, we should note that our study team's physical presence was and continues to be
largely absent at Unity Health Care Inc.'s nine community health centers, except on a

few occasions when supplies and incentives for providers and clinic staff are dropped off.
As we quickly transitioned from an in-person study team to a virtual one, we noticed
insufficient time to do the work of recruitment, enrollment, and measurements (both surveys
and accelerometry). In an effort to accommaodate for the absence of our study team presence,
we regularly send communications electronically (texts, emails, eClinicalWorks messages)
to keep the line of communication open with providers.

Implications

Overall, we have made a variety of accommodations, outlined above, to address the barriers
and limitations imposed on us by COVID-19 pandemic, racial unrest, and an insurrection.
The findings from this study will reflect real-world conditions and will elucidate the impact
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of park prescriptions on a low-income population. Because the times have been so unusual,
there is a risk that the findings may not be generalizable to other settings and populations.
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Table 1

Items in the process evaluation.

© 00 N oo U A~ W N

R L N e o
A~ o 00 A W N B O

Did the provider prescribe review previous prescription in PRA platform?
Did the provider prescribe time outdoors?

Did the prescription include a location (e.g., park)?

Did the prescription include an activity (e.g., play basketball)?

Did the prescription include frequency (e.g., once a week)?

Did the prescription include duration (e.g., 30 min per visit)?

Did the provider ask parent/child permission to send a reminder?

Did the provider send a reminder to parent/child by email or text?

Did the reminder include frequency? (e.g., days of week)?

Did the reminder include duration? (e.g., 1 week, 1 mo)?

Did the provider ask the parent/child to open their email or text?

Did the provider ask the parent/child to click on the embedded link?

Did the provider remind parent/child to consent and agree to terms and conditions?
Did the provider remind the parent/child to log every prescription?

Did the provider document the prescription in the child's medical record?
Did the provider print and sign the prescription?

Did the provider avoid using the phrase park/nature prescription?

Contemp Clin Trials. Author manuscript; available in PMC 2023 November 01.

Page 15



	Abstract
	Introduction: Rationale for the Park Rx trial
	Health benefits of physical activity, outdoor activity, and nature exposure
	Promoting physical activity, outdoor activity, and nature exposure among children in the U.S
	Study design
	Overview of the intervention
	Experimental design
	Eligibility criteria
	Recruitment and adjustments due to SARS-COV-2
	Process evaluation
	Data collection protocol
	Participant discontinuation from the study
	Primary outcome measures
	Secondary outcome measures


	Specific aims
	Statistical analysis plan
	Power analysis

	Discussion
	Contextual barriers
	Implications

	References
	Fig. 1.
	Fig. 2.
	Table 1

