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and time-varying confounders. The overall average 
daily MVPA time is 16.0 min (SD = 12.7). The unad-
justed bivariate relation between daily MVPA time 
and frequency of park visit is 1.3 min of daily MVPA 
time per one day with park visits (p < 0.0001). The 
model-adjusted estimate is 0.7 daily MVPA minutes 
for 1 day with park visit (p = 0.04). The duration of a 
typical park visit is not a significant predictor to daily 
MVPA time with or without adjustments. The initial 
COVID outbreak in 2020 resulted in a significant 
decline in daily MVPA time (− 4.7 min for 2020 ver-
sus 2022, p < 0.0001). Park visit frequency is a sig-
nificant predictor to low-income youth’s daily MVPA 
time with considerable absolute effect sizes compared 
with other barriers and facilitators. Promoting more 
frequent park use may be a useful means to improve 
low-income youth’s MVPA outcome.

Keywords  Neighborhood park · Moderate-to-
vigorous physical activity · Youth

Introduction

Regular moderate-to-vigorous physical activity 
(MVPA) provides a myriad of physical and mental 
health benefits to young children and adolescents 
[1–4]. Engaging in MVPA in outdoor settings and 
public spaces further encourages social interaction, 
communication, and cooperation [5–7]. Despite 
the well-known benefits, physical inactivity among 

Abstract  Neighborhood parks are important venues 
to support moderate-to-vigorous (MVPA) activity. 
There has been a noticeable increase promoting phys-
ical activity among youth in neighborhood parks. This 
paper aims to assess the association between park use 
and MVPA among low-income youth in a large urban 
area. We recruited a cohort of 434 youth participants 
during the COVID pandemic years (2020–2022) from 
low-income households in Washington, D.C. We col-
lected multiple data components: accelerometry, sur-
vey, and electronic health record data. We explored 
the bivariate relationship between the accelerometer-
measured daily MVPA time outcome and survey-
based park use measures. A mixed-effect model was 
fitted to adjust the effect estimate for participant-level 
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youth is highly prevalent [8, 9]. Furthermore, the 
lack of MVPA among youth worsened during the 
COVID pandemic years [10, 11].

Neighborhood parks in urban areas provide valu-
able open spaces and opportunities for children to 
accrue time engaged in MVPA [12–14]. Neighbor-
hood parks are the preferred site of leisure time 
exercise in many communities, particularly among 
minority and disadvantaged groups who cannot 
afford to join health clubs or may not have access 
to them [15]. Youth are observed to be more physi-
cally active and more likely to engage in MVPA 
outdoors than indoors [16–18]. Most localities 
maintain parks, and most Americans have a park 
within a two-mile radius of their homes [19]. Dur-
ing the COVID-19 pandemic, urban neighborhood 
parks provided outdoor spaces with social distanc-
ing to support the local population’s needs for phys-
ical activity and exercise.

Various prior studies reported indirect evidence 
to quantify the contribution of neighborhood park to 
local youth’s MVPA [14, 15, 20]. At the aggregated 
community level (defined as within a 1-mile or 0.5-
mile radius of a neighborhood park), neighborhood 
parks account for a notable proportion of their local 
population’s MVPA, in particular, time spent in vig-
orous physical activity [14]. However, parks in low-
income neighborhoods may have a much smaller 
contribution to their local population’s MVPA, 
potentially due to the smaller sizes, higher popula-
tion densities, and other obstacles such as violent 
crimes and lack of programming [21, 22].

In this paper, we used a sample of low-income 
children living in Washington, D.C., with objec-
tive physical activity measurements by acceler-
ometer and self-reported park use questionnaires 
fielded during the first three COVID pandemic 
years (2020–2022). This unique dataset enabled us 
to directly quantify individual-level associations 
between park use and MVPA among socioeconomi-
cally disadvantaged minority children and during 
the pandemic years. From the population health 
perspective, parks have the great potential to sup-
port much more leisure-time MVPA in low-income 
neighborhoods. This paper adds to the literature 
quantitative references of potential effect sizes for 
designing future park-based intervention studies for 
promoting MVPA among low-income youth.

Methods

Study Sample of Low‑Income Children

The study sample is the baseline cohort of a parent 
study, which tests the effectiveness of an intervention 
to promote physical activity in a randomized con-
trolled trial. The parent study was approved by the 
institutional review board (ClinicalTrials.gov identi-
fier: NCT04114734 registered on October 3, 2019). 
Recruitment has been conducted at Unity Health 
Care, Inc., a Washington, D.C.–based federally quali-
fied health center. Study eligibility criteria include 
ages (6 to 16  years old), any chronic condition that 
usually requires two or more routine health care pro-
vider visits per year, and one or more eligible diag-
noses (ADHD, overweight or obesity, hypertriglyceri-
demia, hypercholesterolemia, pre-diabetes, and type 2 
diabetes). Although household income is not among 
the eligibility criteria of the parent study, the study 
participants were recruited from a Federally Quali-
fied Health Center that typically serves patients from 
low-income households and enrolled in Medicaid. 
Consented patients were further checked to exclude 
those with prior exposure to similar physical activity 
promotion programs, those who may be leaving the 
Washington, D.C., area, i.e., the study’s geographical 
area, during the study period, and those with a sibling 
already enrolled. For additional details of the parent 
study, see Zarr, Han, Estrada, and Cohen [23].

The primary data consisted of 434 individuals and 
data were collected between March 2020 and June 
2022.

Physical Activity Measurement

The primary outcome is daily accelerometer-meas-
ured MVPA time as measured by Actigraph GT3x 
accelerometers. We categorized moderate activ-
ity as 3000–5200 counts/min and vigorous activ-
ity as > 5200 counts/min [24]. All participants were 
given instructions to correctly wear the waist-worn 
accelerometer consecutively for a week except dur-
ing sleep, swimming, shower, and other special times 
inappropriate for accelerometer use. After the initial 
week of wearing the accelerometer, devices were col-
lected, and the participant’s wear time was checked 
using the proprietary software tool ActiLife. If a par-
ticipant had fewer than 3 valid days with a valid day 
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having eight or more hours of wear time, the partici-
pant was requested to wear the accelerometer again 
for another week.

Children Survey

As a part of the baseline data collection, bilingual 
(Spanish in English) research assistants administered 
surveys to participants right after their enrollment. 
Survey items include demographic information, park 
use frequency and duration, and PE attendance at 
school. Surveys were conducted before any interven-
tion effort in the parent study.

Electronic Medical Record

Electronic medical records at Unity Health Care were 
used to prescreen potentially eligible participants. 
Body mass index (BMI) measurements in the past 
24  months prior to enrollment were retrieved. The 
mean BMI age percentiles were calculated.

Statistical Analysis

The main outcome is the total person-day level 
MVPA time in minutes. The primary predictors of 
interest are park use frequency (days going to the park 
in a usual week) and park use duration (minutes of a 
typical park visit). Those who reported not visiting 
parks usually could have a non-zero response to the 
duration of a typical park visit. Any missing values in 
the duration question, where the response to the fre-
quency question was zero, have been imputed as zero. 
Person-level covariates include age at enrollment, 
self-reported sex and race/ethnicity, living condition 
with parents or guardians, school physical education 
(PE) class attendance, and average BMI age-percen-
tile in the past two years prior to enrollment. Time-
varying covariates include the total wear time at the 
person-day level and the time of measurement (calen-
dar year, season, weekend vs. weekday).

Our analysis dataset has a standard format of lon-
gitudinal data, where each participant had multiple 
person-day level records. First, we formed a person-
level exploratory dataset by averaging the MVPA 
outcome within a participant. Bivariate descrip-
tive analysis was conducted to explore the marginal 
and unadjusted relationship between the person-
level MVPA outcome and each of the two park use 

predictors (weekly frequency and duration of a typi-
cal visit). Next, we fitted a linear mixed effect model 
to estimate the adjusted relationship between the 
daily MVPA time and the park use predictors control-
ling for static and time-varying covariates. A person 
random effect was deployed to account for the strong 
intra-class correlation within a participant. Sensitivity 
analyses included modeling the MVPA outcome by 
repeated-measure Poisson regression and modeling 
the temporal trend by calendar years and months. All 
data preprocessing and statistical analyses were per-
formed using ActiLife software v6.13.4 and SAS 9.4.

Results

Table 1 reports the descriptive statistics of our study 
sample’s characteristics. Study participants had 
roughly even distributions in self-reported sex and 
enrollment years. Most study participants were Lati-
nos (86%) and African Americans (11%). The major-
ity of participants lived with both parents (65%). The 
mean age is 10.4  years (SD = 2.5  years). The mean 
age sex-adjusted BMI percentile is 94.9 (SD = 6.1).

Table  1 also reports the descriptive statistics of 
physical activity, PE, and park use measures. Most 
participants reported at least some park use during 
a usual week (82%) or attending some PE classes at 
their schools (75%). Among self-reported park users, 
a typical visit to the park had a duration longer than 
30  min (77%). In a usual week and on average, a 
participant visited parks on 2.1  days (SD = 1.8) and 
had PE classes on 1.6  days (SD = 1.5). The aver-
age daily MVPA time per participant was 16.0  min 
(SD = 12.7  min). On average, a participant wore 
their accelerometer for more than 8  h on 6.8  days 
(SD = 3.7 days).

Figure  1 plots the unadjusted bivariate relation-
ship between self-reported park use measures versus 
the distribution of participants’ daily MVPA time. 
Except for the outliers (park use frequency = 6  days 
in a week), the data suggest a roughly homoscedas-
tic and positive relationship between park use fre-
quency and daily MVPA. The unadjusted simple ordi-
nary least square estimate for linear slope is 1.3 min 
of daily MVPA time per day of visiting the park 
(p < 0.0001). Excluding the outlier with 6 days/week 
of park use, the slope estimate is 1.2  min of daily 
MVPA per day of visiting the park (p < 0.0001). The 
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duration of a typical park visit does not seem to have 
a clear relationship with daily MVPA. Those who 
reported the shortest park visit duration (0 ~ 30 min) 
had a lower average daily MVPA time than those who 
reported longer park visit durations. However, the 
overall F-test from one-way ANOVA is insignificant 
(p = 0.062).

Table  2 reports the mixed-effect model esti-
mates for the daily MVPA outcome after adjusting 
for participant-level and time-varying confounders. 
The main parameters of interest are the coefficients 
of park use frequency and duration. Park use fre-
quency has a significant relationship with the daily 
MVPA outcome: 1  day with park use is associated 

with 0.7  min of daily MVPA time on average (95% 
CI: 0.1, 1.3, p = 0.04). Short duration in a typical park 
visit is related to lower daily MVPA time but the dif-
ference is not statistically significant: − 1.2  min dif-
ference (p = 0.38) between short park visit duration 
(0 ~ 30 min) and long duration (> 60 min).

Among adjusted participant-level confounders, 
notable results include the following. Girls have sig-
nificantly less daily MVPA time than boys (− 5.6 min/
day, p < 0.0001). Living with both parents is associ-
ated with more MVPA time (2.2  min/day, p = 0.05). 
Older age corresponds to fewer daily MVPA minutes: 
each additional age year is associated with 0.5 fewer 
minutes of daily MVPA time (p = 0.03). Among 
time-varying confounders, the most notable finding 
is the temporal trend: compared with 2022, the year 
2020 saw a significant decline in daily MVPA time 
(− 4.7 min, p < 0.0001). Time wearing accelerometer 
was a significant confounder (p < 0.0001). Seasons of 
accelerometer measurement have a large effect: fall 
and spring see 4 to 5 more daily MVPA minutes than 
winter (p < 0.0001), while the difference between 
summer and winter is insignificant.

Latinos and African Americans do not show sig-
nificant differences in daily MVPA time. Whether the 
acetometer measurement was taken during weekends, 
the number of days attending PE classes at school, 
and BMI percentile were pre-specified confounders 
and included in the model, but none had either statis-
tically or practically significant coefficient estimates.

Results from sensitivity analyses had very similar 
findings with minor differences. The Poisson regres-
sion modeled the multiplicative effects of predic-
tors compared with the additive effects in the main 
analyses. The year-month temporal trends were com-
plicated due to month-to-month variations and had 
slightly weakened the statistical power of other pre-
dictors due to the increased number of model parame-
ters. We omitted these lengthy results from the paper.

Discussion

Neighborhood parks have been praised for their 
potential to support the recreational MVPA of the 
local population [19, 25]. Many park-based inter-
vention programs have been designed and imple-
mented to promote park use and MVPA in parks 
[12]. Based on person-level objective physical 

Table 1   Univariate descriptive statistics of all study variables 
(n = 434)

Categorical characteristics Percentage (n)

Self-reported sex
Female 50.5 (219)
Male 49.5 (215)
Enrollment year
2020 35.9 (156)
2021 38.5 (167)
2022 25.6 (111)
Race/ethnicity
Asian 0.5 (2)
African American 11.0 (48)
Others or unknown 2.1 (9)
Latino of all races 86.4 (375)
Living with both parents 65.0 (282)
During a typical visit to the park
0 ~ 30 min 23.0 (100)
31 ~ 60 min 36.4 (158)
 > 60 min 40.6 (176)
Not using parks in a usual week 17.7 (77)
Not having PE classes at school 24.7 (107)
Continuous characteristics Mean (SD)
Age 10.4 (2.6)
# Days visiting parks in a usual week 2.1 (1.8)
# Days of having PE classes at school 1.6 (1.5)
Daily MVPA minutes 16.0 (12.7)
Daily minutes wearing accelerometer 730 (130)
# Days > 8 h wearing accelerometer
Total 6.8 (3.7)
On weekend 1.6 (1.4)
BMI percentile 94.9 (6.1)
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activity measure and self-reported park use data and 
adjusting various confounders, this paper reports 
the quantified associations between park use and the 
health-beneficial physical activity outcome. Our key 
finding is the significant relationship between the 

frequency of park use and daily MVPA time among 
youth living in low-income households. Our model-
adjusted estimated effect size of park use frequency 
is 0.7 daily MVPA minutes for 1 day with park visit. 
This effect estimate may seem small but is relatively 

Fig. 1   Bivariate relation-
ship between the daily 
MVPA time and park use 
measures: frequency of 
visiting parks in a typical 
week (top) and duration of 
a typical park visit (bot-
tom). The ordinary least 
square estimate for slope 
is 1.3 min/day of park visit 
or 1.2 by excluding the 
outliers with 6 days/week 
(p < 0.0001). The one-way 
ANOVA for the duration of 
a typical park visit is insig-
nificant (F = 2.8, d.f. = 2, 
431, p = 0.062)
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large compared with other malleable factors or non-
malleable environmental predictors. Per-day of 
exposure, park visit frequency’s effect size is more 
than twice as large as the effect size of attending PE 
class at school (0.3 daily MVPA minutes per day of 
having PE). When comparing children with no park 
use to the overall study participants, the sample 
average of 2.1 days with park visits per week corre-
sponds to 1.5 min of daily MVPA time. This value 
is comparable in magnitude to the negative effects 
associated with aging by 3 years (− 1.5 min of daily 
MVPA) or not living with both parents (− 2.2 min 
of daily MVPA).

Compared with no park visits, 7 days of park vis-
its correspond to an effect size of roughly 4.9 daily 
MVPA minutes, which is similar in magnitude to the 

strongest predictors for daily MVPA, such as sex, sea-
sonality, and interruption by COVID.

The duration of a park visit is not a significant pre-
dictor of daily MVPA time. One potential reason is 
that park visit duration and park visit frequency are 
partially confounded: most participants who reported 
not using parks also had a visit duration of 0  min. 
Survey respondents may have inaccurate estimate for 
their stay time. It is also possible that a longer stay in 
the park may not have a significant additional contri-
bution to daily MVPA than shorter stays, condition-
ing on a fixed number of park visits.

COVID-19 had introduced a notable and major 
interruption in MVPA. The year 2020 saw a 
steep dip in the mean daily MVPA outcome, with 
an effect size (− 4.7 daily MVPA minutes for 

Table 2   Model estimates 
for the daily MVPA 
outcome

Predictor Estimate (SE) p-value 95% CI

Intercept 16.9 (8.6) 0.05 (0.0, 33.8)
Self-reported sex
Female  − 5.6 (1.2)  < 0.0001 (− 7.9, − 3.3)
Male –- –- –-
Race/ethnicity
Asian  − 6.2 (1.6)  < 0.0001 (− 9.4, − 3.0)
African American 0.7 (1.7) 0.69 (− 2.6, 3.9)
Others or unknown  − 1.4 (4.9) 0.78 (− 10.9, 8.2)
Latino of all races –- –- –-
Living with both parents 2.2 (1.1) 0.05 (0.0, 4.3)
During a typical visit to the park
0 ~ 30 min  − 1.2 (1.4) 0.38 (− 4.0, 1.5)
31 ~ 60 min 0.2 (1.3) 0.90 (− 2.3, 2.7)
 > 60 min –- –- –-
Age  − 0.5 (0.3) 0.03 (− 1.0, − 0.1)
# Days visiting parks in a usual week 0.7 (0.3) 0.04 (0.1, 1.3)
# Days of having PE classes at school 0.3 (0.4) 0.38 (− 0.4, 1.0)
Daily hours wearing accelerometer 0.7 (0.1)  < 0.0001 (0.5, 0.9)
Year of measurement
2020  − 4.7 (1.7)  < 0.0001 (− 8.0, − 1.4)
2021  − 2.0 (1.4) 0.16 (− 4.7, 0.8)
2022 –- –- –-
Season of measurement
Fall 5.1 (1.7)  < 0.0001 (1.7, 8.5)
Spring 4.3 (1.5)  < 0.0001 (1.3, 7.2)
Summer  − 0.6 (1.8) 0.74 (− 4.2, 3.0)
Winter –- –- –-
Measurement on weekend  − 0.1 (0.7) 0.88 (− 1.6, 1.3)
BMI percentile 0.0 (0.1) 0.57 (− 0.2, 0.1)
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2020 versus 2022) as large as the sex difference 
(− 5.1 min of daily MVPA for girls versus boys) or 
the climate effect (e.g., − 4.3  min of daily MVPA 
for winter versus spring), adjusting for all other pre-
dictors. The two subsequent years saw a quick and 
steady rebound in the mean daily MVPA time.

This paper has a number of limitations that can 
restrict the external generalizability of results. 
First, our study sample was from a single metro-
politan area. Neighborhood parks as well as urban 
geographic setting may be similar within our study 
region of Washington, D.C., and may not be repre-
sentative of other major cities in the US. Second, 
our study participants included mainly Latinos 
and a small percentage of African Americans and 
lacked sufficient representation of non-Latino White 
and Asians. Our results may be biased for estimat-
ing parks’ contributions to Asians and non-Latino 
White subpopulation. Third, the accelerometry 
data had some fundamental limitations: measure-
ments were limited to a relatively short period (1 to 
2  weeks) per participant; the accelerometer device 
did not have the capability to record the geographic 
location data; and MVPA could have occurred while 
a participant did not wear the accelerometer device. 
We were not able to differentiate MVPA occurring 
in parks versus other locations.

Despite its limitations, this paper underscores 
the importance of neighborhood parks in fostering 
physical activity among youth in urban settings. 
By the unique sample collected during the COVID 
years, coupled with objective measures of MVPA, 
we confirm and quantify that park visit frequency 
is a significant predictor of youth’s daily MVPA, 
even among low-income youth, when multiple stud-
ies have confirmed that parks in high poverty neigh-
borhoods are used less than parks in higher income 
areas [12, 21, 26]. In light of the relatively low uti-
lization of urban parks and the insufficient physical 
activity levels among youth, implementing park-
based programs holds significant promise in pro-
moting public health among this demographic.
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