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Many cross-sectional studies have investigated the relationship between neighborhood physical environment

and physical activity. However, few studies have examined this relationship longitudinally, and no study has exam-

ined the association between change in objectivemeasurements of physical activity resources and change in phys-

ical activity in adults.We used longitudinal data from theMulti-Ethnic Study of Atherosclerosis (2000–2007) of 6,814

adults whowere aged 45–84 years at baseline. Physical activity was assessed via a semiquantitative questionnaire

at baseline and at 2 follow-up visits (approximately 1.6 and 3.2 years later). Wemeasured the density of recreational

facilities within 1 mile of each participant’s home address and used linear mixed-effects models to estimate the as-

sociation between change in recreational facility density and change in physical activity. After adjusting for potential

confounders, we found that a greater increase in recreational density was associated with a less pronounced de-

cline in physical activity (mean difference in annual change in physical activity for each 1-unit increase in recrea-

tional density over time = 10.3 (95% confidence interval: 0.7, 19.9)). This association was stronger in older adults.

Better access to recreational facilities may benefit middle-aged and older adults by enabling them to maintain ac-

tivity levels as they age.

longitudinal studies; neighborhood environment; physical activity; recreational facilities

Abbreviations: CI, confidence interval; MESA, Multi-Ethnic Study of Atherosclerosis; MET, metabolic equivalent; RPA, recreational

physical activity.

After smoking, physical inactivity is the second leading
modifiable risk factor for chronic disease and has a significant
impact on mortality in Western countries (1). Previous re-
search examining the worldwide burden of chronic disease
attributable to physical inactivity found that the elimination
of physical inactivity would increase the life expectancy of
the world’s population (2), and a recent longitudinal study
found that reduction in physical activity over time was related
to increased functional disability (3). Individual-level factors,
such as lower socioeconomic status, are associated with de-
creased leisure-time physical activity (4, 5). However, recent
research has suggested that contextual factors may also be im-
portant in influencing physical activity. Creating social and
physical environments that are conducive to physical activity
may be especially important in motivating individuals to

engage in physical activity and in enhancing the impact of
individual-targeted interventions (6).

Mixed land use and residential density have been shown to
be associated with activities such as walking or biking for
transportation (7–11). In addition, previous studies have
found that the availability of physical activity equipment was
associated with vigorous physical activity/sports participation,
and that recreational facility availability and neighborhood aes-
thetics were related to recreational physical activity (RPA)
(12–19). Conversely, some studies have found weak associa-
tions between neighborhood environment and physical activ-
ity (20–22). A systematic review found that several studies
investigating the relationship between neighborhood envi-
ronment and physical activity had null/inconclusive findings,
noting that the environmental attributes investigated in many
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studies may be defined incorrectly in relationship to the type
of physical activity studied (23). This lack of specificity may
weaken the relationship between the predictor and outcome
variables (24). Stronger associations have been found in stud-
ies that investigated hypotheses linking more narrowly de-
fined combinations of environmental attributes with the
specific activities to which they may be related (23).
One limitation of existing research is that most analyses are

cross-sectional, and because of the possibility of residential
self-selection, causal inferences are limited. Longitudinal
data that track both persons and neighborhoods over time
are needed to examine whether changes in environment are
related to changes in physical activity (25, 26). This type of
change-versus-change analysis is uncommon in neighbor-
hood health research and is needed to address limitations
that arise in cross-sectional analyses. A second limitation is
the absence of large population studies with time-varying
measures of neighborhood attributes.
We used longitudinal data from a large, multiethnic study

of adults to investigate the association between baseline rec-
reational facility density and change in physical activity over
time, as well as the association between change in density and
change in physical activity. We hypothesized that individuals
living in neighborhoods with better availability of recrea-
tional facilities at baseline would experience more favorable
changes in physical activity compared with individuals living
in neighborhoods with poorer availability of facilities. We
also hypothesized that individuals living in neighborhoods
with greater increases in the availability of recreational facil-
ities would experience more favorable changes in physical
activity compared with individuals living in neighborhoods
with smaller increases (or declines) in facilities.

MATERIALS AND METHODS

Study sample

The sample consisted of participants from theMulti-Ethnic
Study of Atherosclerosis (MESA), a longitudinal study of
cardiovascular disease that comprises a population-based,
multisite (Baltimore, Maryland; Chicago, Illinois; Forsyth
County, North Carolina; Los Angeles, California; New York,
New York; and St. Paul, Minnesota), multiethnic (approxi-
mately 38% white, 28% African American, 23% Hispanic,
and 11% Chinese descent) sample of 6,814 men and women
aged 45–84 years who were free of clinical cardiovascular
disease at baseline. We based our analyses on data from the
baseline visit (from July 2000–September 2002) and 2
follow-up visits (approximately 1.6 and 3.2 years later). Par-
ticipants were observed on at least 2 occasions, and 94% had
3 observations.

Recreational facilities

Recreational facility data were purchased from the National
Establishment Time-Series database from Walls & Associ-
ates (Oakland, California). Home addresses were geocoded
by using EZ-Locate (TomTom North America, Inc., Lebanon,
New Hampshire). Data were purchased for 2000–2007, span-
ning the time range for the MESA examinations used in our

analyses. A total of 133 Standard Industrial Classification
codes (US Occupational Safety and Health Administration,
Washington, DC) were selected on the basis of existing lists
(27, 28). Densities were created for different categories of fa-
cilities for the years 2000–2007. We summed the densities of
facilities offering indoor conditioning, biking, hiking, team
sports, racquet sports, swimming, physical activity instruction,
and water activities to obtain a summary measure that corre-
sponded to exercise-related activities.
Densities were calculated for several buffer sizes around

each MESA participant’s home address for each year. Densi-
ties were matched to each MESA participant at each time
point, such that densities changed over time if the neighbor-
hood resources changed or if the participant moved. The
1-mile buffer (1 mile = 1.6 km) was selected for analyses on
the basis of a study in a subsample of this cohort, in which a
majority of physically active participants reported that they al-
ways exercised within 1 mile of their residences or did so at
least half the time (19). Kernel estimation (29) was used to cal-
culate the densities, such that facilities closer to participants’
addresses were given more weight than facilities farther away.
Densities are expressed in units per mile2 (henceforth, “densi-
ties” indicates units/mile2) and were created by using ArcGIS
software (Esri, Redlands, California).

Physical activity assessment

Physical activity was assessed at baseline and at 2 subse-
quent follow-up examinations via a semiquantitative question-
naire adapted from the Cross-Cultural Activity Participation
Study (30). Previous work has provided evidence for the va-
lidity and reliability of this survey (30). Participants were
asked on how many days a week and the average amount
of time per day they engaged in activities during “a typical
week in the past month.” Minutes of activity were summed
for each activity and multiplied by the activity’s metabolic
equivalent (MET) (31). We used a summary measure of
physical activity, which included the activities that we hy-
pothesized would be related to recreational facilities. RPA
was calculated to include walking for exercise, dance, team
sports (e.g., softball, basketball), dual sports (e.g., tennis), in-
dividual activities (e.g., golf, yoga), and conditioning activi-
ties (e.g., running, swimming, bicycling) and was measured
inMETminutes per week. HigherMETminutes per week for
an activity indicated a higher total volume of physical activ-
ity. Individual records indicating total physical activity of
more than 24 hours per day were excluded.

Measurement of covariates

Covariate datawere obtained at baseline and follow-up vis-
its and included age, race/ethnicity (white, non-Hispanic
black, Hispanic, or Chinese), education (less than high school,
high school, some college, or college graduate/graduate
school), household income (<$20,000, $20,000–49,999,
$50,000–74,999, or >$75,000), season of examination
visit (December–February, March–May, June–August, or
September–November), employment status, and move status
(never moved or moved at least once). Neighborhood-level
covariates obtained from census data included percentage
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of unemployment, percentage of people living in poverty,
and median household income.

Statistical analyses

We analyzed the distribution of individual-level variables
across the 3 examinations and estimated the mean annual
changes in recreational density and RPA.We categorized rec-
reational density and RPA into tertiles and examined the dis-
tribution of individual-level variables across the highest and
lowest tertiles. Finally, we estimated unadjusted associations
of the individual-level variables with baseline levels and
changes in RPA.

After conducting preliminary analyses by using categories
and smoothed lines to check the linearity assumption, we in-
cluded RPA and recreational density as continuous variables
in longitudinal models. We used linear mixed-effects models
to estimate the association between recreational density and
change in RPA over time, adjusting for age, sex, race/ethnic-
ity, education, household income (time-varying), and season
of examination (time-varying) in the final models. To esti-
mate the association between baseline density and change
in RPA (model A), we used linear mixed-effects models to
model repeated physical activity measurements on each par-
ticipant as a function of recreational density at baseline, time
since baseline, an interaction between density and time, and
time-invariant and time-varying covariates. The interaction
between time and baseline recreational density was used to
estimate the impact of baseline recreational density on
changes over time in RPA.

To assess the association between change in density and
change in RPA (model B), we used similar mixed-effects
models with the addition of change in density since baseline
as a time-varying covariate and an interaction between change
in density and time. This interaction term was used to assess
whether change in recreational density over time modified
the change over time in RPA.

All models included a random intercept and a random time
slope for each participant to allow the baseline responses, as
well as the time slope, to vary between individuals. Coeffi-
cients from the final model were used to compare the physical
activity trajectories over time for different levels of baseline
densities and change in densities.

We also stratified by age at baseline, whether participants
moved (32% of participants moved during follow-up), in-
come, and race/ethnicity to assess effect measure modifica-
tion or whether the association between recreational density
and RPA response trajectories differed by these characteris-
tics. We investigated each interaction in separate models and
retained those with P values of less than 0.05 in the final
model.

Sensitivity analyses were conducted by using the half-mile
and 2-mile buffers for recreational density. We used SAS,
version 9.3, software (SAS Institute, Inc., Cary, North Caro-
lina) for all analyses. All reported P values are 2-sided.

RESULTS

Of the 6,814 MESA participants, 6,191 participated in the
MESANeighborhood Study. After the exclusion of data from

visits at which participants reportedmore than 24 hours of total
physical activity per day and records with missing data on the
exposure and outcome, 23 participants were excluded, leaving
6,168 for analysis. The excluded participants did not differ
from the analytical sample with respect to sociodemographic
factors.

At baseline, 58% of the participants were younger than 65
years and 48% were male; 40% were white, 26% were non-
Hispanic black, 22% were Hispanic, and 12% were of Chi-
nese descent (Table 1). Individuals reported a median RPA
level of 840 MET minutes/week at baseline, which declined
to 825METminutes/week at examination 3 (mean follow-up =
3.2 years). The mean annual change in RPA during the study
period was −17.7 MET minutes/week. Overall, recreational
facility density increased during the study period from a
median density of 1.6 to 2.7 facilities/mile2 (mean annual
change = 0.4).

Participants in the highest tertile of recreational density
were less likely to be non-Hispanic black or Hispanic and
more likely to have higher levels of RPA and to live in neigh-
borhoods of greater socioeconomic disadvantage (Table 2).
Participants in the highest tertile of RPA were more likely
to be men, white, and college educated. They were also
more likely to earn more than $75,000/year and to have
greater access to recreational facilities.

In unadjusted models, male sex, higher education, and
higher income were associated with higher baseline RPA
(Table 3). Hispanic and Chinese race/ethnicity and lower rec-
reational density were associated with lower baseline RPA.
Older age at baseline was associated with a greater decline
in RPA over time.

In models estimating the association between baseline rec-
reational density and change in RPA (model A), we observed
a positive, statistically significant association between recre-
ational facility density and baseline RPA after adjustment for
covariates (mean difference in baseline RPA associated with
a 1-unit change in recreational density = 18.7 MET minutes/
week, 95% confidence interval (CI): 13.1, 24.4) (Table 4).
Overall, RPA decreased over time as the cohort aged (mean
annual change in RPA for individuals living in areas with 0
resource density =−31.6 MET minutes/week). The interac-
tion between baseline recreational density and time was pos-
itive, suggesting that higher baseline density was associated
with a less pronounced decline in RPA over time, but the es-
timate was not statistically significant (mean difference in an-
nual change in RPA for each 1-unit increase in density at
baseline = 1.5 MET minutes/week, 95% CI: −0.3, 3.4).

In models estimating the association between change in
recreational density since baseline and change in RPA
(model B), the interaction between change in density and
time was positive and statistically significant in the unad-
justed model (mean difference in annual change in RPA for
each 1-unit increase in the change in density since baseline =
11.6 MET minutes/week, 95% CI: 1.9, 21.1) (Table 4), indi-
cating that a greater increase in recreational density over time
was associated with a less pronounced decline in RPA over
time, even after adjustment for the effect of baseline density
on change in RPA. Estimates were slightly attenuated after
adjustment for individual-level covariates (mean difference
in annual change = 10.3 MET minutes/week, 95% CI: 0.7,
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19.9), but the association remained statistically significant. Ad-
justments for employment, move status, neighborhood-level
covariates, and site did not meaningfully alter the results.
Figure 1 shows estimated changes in RPA over time for the

90th and 10th percentiles of baseline levels and changes in
densities as estimated from the fully adjustedmodel in Table 4
(model B). Overall, persons who lived in areas with higher

recreational densities at baseline had higher levels of RPA
than those who lived in areas with lower densities at baseline.
In addition, within each set, persons who experienced greater
increases in recreational density over time showed less pro-
nounced declines or even small increases in RPA over time.
Overall, we observed the most favorable change in RPA
over time for the group in the 90th percentile of baseline

Table 1. Characteristics of Study Participants at Baseline and at 2 Follow-up Examinations, Multi-Ethnic Study of

Atherosclerosis, 2000–2007

Covariate % at Baseline % at Examination 2a % at Examination 3b

Individual level

RPA, MET minutes/weekc 840 (150–2,070)d 735 (0–1,755)d 825 (150–1,890)d

Age, years

45–54 30 23 19

55–64 28 29 30

65–74 29 31 31

75–84 13 17 20

Sex

Women 52

Men 48

Race/ethnicity

White 40

Non-Hispanic black 26

Hispanic 22

Chinese 12

Education

Less than high school 18

High school 19

Some college 24

College degree 39

Household income

<$20,000 22 23 23

$20,000–$49,999 37 37 35

$50,000–$74,999 17 16 17

≥$75,000 24 24 25

Neighborhood level

% Unemploymente 0.08 0.08 0.08

% Povertyf 0.16 0.15 0.15

Median household income, $g 44, 549 44,922 48,316

1-Mileh recreational facility densityi 1.6 (0.8–2.5)d 2.3 (1.0–5.1)d 2.7 (1.0–5.6)d

Abbreviations: MET, metabolic equivalent; RPA, recreational physical activity.

* P < 0.05; **P < 0.001.
a Mean length of follow-up was 1.6 years at examination 2.
b Mean length of follow-up was 3.2 years at examination 3.
c Mean annual change in RPA =−17.7 (standard deviation, 7.4) MET minutes/week*.
d Value expressed as median (interquartile range).
e Values are the means of the percent unemployment.
f Values are the means of the percent poverty.
g Values are the means of the median household income.
h One mile = 1.6 km. Indicates a 1-mile buffer from participant’s residence.
i Mean annual change in recreational density was 0.4 (standard deviation, 0.01)**.
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density and the 90th percentile of change in density, and we
observed the least favorable change in RPA for the group in
the 10th percentile of baseline density and the 10th percentile
of change in density.

In age-stratified models, the association between baseline
recreational density and change in RPA was stronger among
adults aged 65 years and over (mean annual change = 4.6
MET minutes/week, 95% CI: 1.7, 7.6) than among those
under 65 years (mean annual change =−1.0, 95% CI: −3.4,

1.4), and the test for heterogeneity was statistically significant
(P < 0.01) (Appendix Table 1). Similar patterns were ob-
served when analyses relating changes in density to changes
in RPAwere stratified by age; stronger associations were ob-
served among older adults (mean difference in annual
change = 16.5 MET minutes/week, 95% CI: 0.9, 32.1) than
among those under age 65 years (mean difference in annual
change = 6.2 MET minutes/week, 95% CI: −5.9, 18.2), but
the test for heterogeneity was not statistically significant

Table 2. Baseline Characteristics According to Tertiles of Recreational Facility Densitya and RPA, the Multi-Ethnic

Study of Atherosclerosis, 2000–2007

Characteristic
Tertile of Recreational Density Tertile of RPA

First, % Third, % First, % Third, %

Recreational facility density 0.5 (0.03–0.83)b 6.4 (4.5–15.8)b 1.8 (0.7–3.8)b 2.5 (0.9–5.6)b

Individual level

RPA, MET minutes/week 735 (52.5–1,890)b 1,103 (300–2,377)b 0 (0–157.5)b 2,835 (2,070–4,590)b

Age, years

45–54 29 28 30 30

55–64 29 27 28 27

65–74 30 29 29 31

75–84 12 16 13 12

Sex

Women 50 54 57 53

Men 50 46 43 47

Race

White 41 39 32 45

Non-Hispanic black 16 10 28 28

Hispanic 35 24 26 18

Chinese 8 27 14 9

Education

Less than high school 15 19 26 10

High school 22 15 23 16

Some college 27 23 23 27

College degree/
graduate school

36 43 28 47

Household income

<$20,000 21 24 29 16

$20,000–$49,999 38 35 38 36

$50,000–$74,999 19 15 17 18

≥$75,000 22 26 16 30

Neighborhood level

% Unemploymentc 0.06 0.10 0.08 0.07

% Povertyd 0.12 0.20 0.17 0.14

Median household
income, $e

47,187 41,915 41,634 47,068

Abbreviations: MET, metabolic equivalent; RPA, recreational physical activity; SD, standard deviation.
a Number of recreational facilities within 1 mile (1.6 km) of participant’s home.
b Value expressed as median (interquartile range).
c Values are the means of the percent unemployment.
d Values are the means of the percent poverty.
e Values are the means of the median household income.
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(P > 0.1). There was no significant heterogeneity by move
status, income, or race/ethnicity for either model. Analyses

using buffer sizes of half a mile and 2 miles yielded results
similar to those shown.

DISCUSSION

In this multiethnic sample, we observed a positive associ-
ation between recreational facility density and RPA at base-
line. We also observed a decline in RPA over time. We did
not observe statistically significant associations between
baseline recreational density and change in RPA in the over-
all sample. However, although RPA declined on average in
the sample as a whole, individuals who experienced greater
increases in the densities of recreational resources around
their homes experienced a less pronounced decline in RPA
over time. Among individuals who experienced the largest
increases in density of resources, the decline in RPA was
practically eliminated.
We used mixed-effects models to estimate associations of

recreational resources with RPA change. Model A revealed
cross-sectional associations between baseline density levels
and baseline RPA but showed no statistically significant as-
sociations between baseline density and change in RPA over
time. An important limitation of this model is that it does not
account for changes in density over time and assumes that
densities at a single time point affect future trajectories,

Table 3. Unadjusted Mean Differences in RPA at Baseline and

Mean Differences in Annual Change in RPA Over Follow-up Related

to Baseline Covariates, the Multi-Ethnic Study of Atherosclerosis,

2000–2007

Covariate
Baseline RPA, MET

minutes/week
Change in RPA,

MET minutes/week

Age, years

45–54 Referent Referent

55–64 21.5 −5.6

65–74 17.7 −19.3

75–84 −29.6 −57.4*

Sex

Women Referent Referent

Men 432.0*** 2.2

Race

White Referent Referent

Non-Hispanic black −35.2 −8.6

Hispanic −326.1*** 0.1

Chinese −538.5*** −21.5

Education

Less than high
school

Referent Referent

High school 385.4*** −20.5

Some college 718.9*** −15.0

College degree/
graduate school

745.0*** −9.6

Household income

<$20,000 Referent Referent

$20,000–$49,999 387.0*** −18.2

$50,000–$74,999 431.4*** 22.6

≥$75,000 737.6*** 36.7

Move status

Never moved Referent Referent

Moved at least once −96.6 22.8

Baseline recreational
density

Highest tertile Referent Referent

Middle tertile −286.6*** −12.8

Lowest tertile −327.2*** −5.6

Study site

New York Referent Referent

Illinois 11.8 49.5

Maryland −113.9 32.6

Minnesota −238.3* −19.6

California −682.9*** −12.3

North Carolina −363.0** −33.9

Abbreviations: MET, metabolic equivalent; RPA, recreational phys-

ical activity.

* P < 0.05; **P < 0.01; ***P < 0.0001.

Table 4. Mean Differences in RPA at Baseline and Mean

Differences in Annual Changes in RPA Associated With Baseline

Recreational Density and Changes in Recreational Density Over

Time, the Multi-Ethnic Study of Atherosclerosis, 2000–2007

Regression Coefficients
by Model

Mean Difference (SE),
MET minutes/week

Model 1a Model 2b

Model Ac

Difference in baseline
RPAd

24.1 (2.8)*** 18.7 (2.9)***

Annual change in RPAe −26.3 (9.2)** −31.6 (9.8)**

Difference in annual
change in RPAd

1.3 (0.9) 1.5 (0.9)

Model Bf

Difference in baseline
RPAd

23.6 (2.9)*** 19.2 (2.9)***

Annual change in RPAe −27.8 (9.8)** −32.7 (9.9)*

Difference in annual
change in RPAg

11.6 (4.9)* 10.3 (4.9)*

Abbreviations: MET, metabolic equivalent; RPA, recreational phys-

ical activity; SE, standard error.

* P < 0.05; ** P < 0.01; ***P < 0.0001.
a Unadjusted model.
b Model adjusted for age, age × time, race, sex, education, income,

and season.
c Baseline recreational density + interaction of baseline recrea-

tional density with time
d Per 1-unit increase in baseline recreational density.
e For individuals with density of 0 at baseline.
f Baseline recreational density + interaction of change in recrea-

tional density with time
g Per 1-unit increase in change in recreational density.
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which may be unrealistic if densities change over time. How-
ever, model A allows for comparisons with other work that
may have measurement at only a single time point. In con-
trast, model B showed that greater increases in density over
time were associated with a significantly less pronounced de-
cline in RPA over time. The comparison between these mod-
els highlights the impact of accounting for changes in the
exposure over time.

Recent studies have suggested that age may modify the as-
sociation between the neighborhood environment and phys-
ical activity (32, 33). In this study, the observed associations
between baseline recreational density and change in RPA
were stronger among older adults, but the difference between
the age groups was not as strong for the change in density
models. There is limited previous research investigating the
environmental correlates of physical activity in adults of dif-
ferent age groups. One study reported positive associations
between perceived access to recreational facilities and phys-
ical activity among adults aged 80 years and over (34). Longi-
tudinal studies investigating the neighborhood environment
and changes in walking behavior have reported that proxim-
ity to parks/trails is associated with maintaining/increasing
walking in older men (35), and that proximity to parks/gyms
is associated with smaller declines in walking (36). A study
examining interactions of physical environment with age
suggested that older adults may be more influenced by envi-
ronmental attributes (37), perhaps because older adults may
spend more time in their neighborhoods. Our results suggest
that further research is warranted to understand the impact of
recreational facilities on RPA in older adults.

Few studies have examined the association between changes
in neighborhood environment and changes in physical activ-
ity in adults. A recent study found that increased access near

the home to recreational facilities requiring a fee was associ-
ated with increased physical activity in young males (38). A
secondary analysis of physical activity intervention trials
found that increases in perceived access to facility- or home-
based exercise equipment were associated with increases in
moderate/vigorous physical activity (39). A study in Califor-
nia found that changes in neighborhood attributes were asso-
ciated with self-reported changes in physical activity within
the neighborhood (40). To our knowledge, ours is the first
study to show an association between change in recreational
facility density and change in RPA in adults.

Limitations

Recreational facility densities in this study were based on
commercial data and did not take into account facility quality,
hours of operation, or cost of use, nor do we have information
on whether participants were using the resources. In addition,
we did not include resources such as parks or other physical
environment features that may be related to physical activity.
Previous studies examining the quality of the commercial da-
tabases that collect and compile data on the availability of fa-
cilities suggest that there may be measurement error in the
facility counts (41–43). However, it is unlikely that this
error is patterned in such a way that it would create the asso-
ciations that we observed.

There is little information on the relevant buffer size for use
of recreational facilities. We used the 1-mile buffer because
most of the active individuals in this sample reported that they
used facilities within 1 mile of their residences; we found that
results did not vary in analyses that used the half-mile and
2-mile buffers. We used the same buffer size for the whole
sample, though the relevant buffermay vary by site.Adjustment
for site slightly attenuated our observed estimates. Furthermore,
because the 1-mile buffer was measured around residential ad-
dresses, we did not account for facilities near workplaces.

We chose to present estimates that were unadjusted for
population density because our exposure of interest was the
presence of facilities within a certain radius. On one hand,
more densely populated areas may have more resources avail-
able. On the other hand, there is no specific reason that avail-
ability of facilities should affect physical activity conditional
on the number of persons who live in the area. In addition,
population density and urban development, although relevant
for walking for transportation, are unlikely to be related to
RPA and, hence, unlikely to be confounders in our analyses.
Sensitivity analyses adjusting for population density and per-
cent retail/commercial facilities yielded results similar to
those presented.

Because physical activity was self-reported, measurement
error is possible. The form of the questionnaire likely results
in overestimates of time spent engaging in activities; thus, ab-
solute values may not be interpretable. We excluded visits at
which participants reported greater than 24 hours of total activ-
ity per day to exclude inflated measurements of self-reported
activity. Despite the limitations of the absolute values, given
that the questionnaire was similar across time points, relative
positions and trends over time remain meaningful. In using
mixed-effects models, we cannot rule out residual confound-
ing due to unmeasured covariates, especially variables related
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Figure 1. Change in recreational physical activity (RPA) over time,
comparing 4 different groups (as estimated frommodel 2B in Table 4),
categorized as follows: the 90th percentile of baseline recreational
density and the 90th percentile of change in recreational density (dia-
monds); the 90th percentile of baseline recreational density and the
10th percentile of change in recreational density (squares); the 10th
percentile of baseline recreational density and the 90th percentile of
change in recreational density (triangles); and the 10th percentile of
baseline recreational density and the 10th percentile of change in rec-
reational density (circles). MET, metabolic equivalent.
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to residential self-selection, such as individual preference for
physical activity resources, which are difficult to measure.

Strengths

Our study is unique in that it has longitudinal data on rec-
reational densities, physical activity measurements, and
individual- and neighborhood-level covariates. We used ob-
jective measures of recreational densities, and our physical
activity measure accounted for both duration and intensity
of a range of moderate/vigorous activities. In addition, our
study paired the neighborhood construct of interest, recrea-
tional facilities, with a relevant physical activity measure,
RPA, addressing the limitation in previous studies of the en-
vironmental construct of interest not corresponding closely
enough to the outcome of interest.
With available time-varying measures, we were able to esti-

mate the association between change in an objective measure
of resource availability and change in RPA. Although we can-
not completely rule out confounding or bidirectional causation
(changes in RPA of residents influencing changes in densities),
this type of change-versus-change analysis is a major step for-
ward compared with cross-sectional analyses, which may be
hampered by the possibility that individuals with certain activ-
ity preferences choose neighborhoods with better resources.

Conclusion

The results from this longitudinal study suggest that greater
access to recreational facilities may benefit middle-aged and
older adults by enabling them to maintain activity levels as
they age and to experience slower declines in physical activity
over time, which may lead to reduced morbidity and increased
functional ability. Data on quality of physical activity re-
sources, individual preferences for living in a neighborhood
with physical activity resources, and whether individuals are
using available resources would allow for better estimation of
the causal relationship between availability of recreational re-
sources and physical activity.
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Appendix Table 1. Mean Differences in Annual Changes in RPA

Associated With Recreational Densities and Changes in Recreational

Densities Over Time by Age at Baseline, Multi-Ethnic Study of

Atherosclerosis, 2000–2007

Model by Age at
Baseline, years

Mean Difference (SE) in Annual
Change in RPA, MET minutes/week

Model Aa,b,c

Age 45–64 −1.0 (1.2)d

Age 65–84 4.6 (1.5)d,**

Model Bb,e,f

Age 45–64 6.2 (6.2)g

Age 65–84 16.5 (7.9)g,*

Abbreviations: MET, metabolic equivalent; RPA, recreational phys-

ical activity; SE, standard error.

* P < 0.05; **P < 0.01.
a Baseline recreational density + interaction of baseline recrea-

tional density with time.
b Model is adjusted for age, age × time, race, sex, education,

income, and season.
c P for interaction = 0.008.
d Per 1-unit increase in baseline recreational density.
e Baseline recreational density + interaction of change in recrea-

tional density with time.
f P for interaction = 0.2.
g Per 1-unit increase in change in recreational density.
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