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Objective. In this cross-sectional study, we examined the relationship between socio-environmental charac-
teristics of neighborhood of residence and the frequency of leisure-time physical activity (LTPA) among older
adults from Porto (Portugal).

Method.Data fromEpiPorto – a prospective adult cohort study from Porto (Portugal) –were used. Only adults
aged ≥65 at baseline (1999–2003) were included (n = 580). We used a Geographic Information System to
objectively measure the neighborhood characteristics and Generalized Additive Models to estimate their effect
on participation in LTPA (none vs. some reported) and frequency of LTPA (min/day).
Results. 62% of the participants reported no LTPA. Active elderly spent on average 38 (women) and 67 (men)
minutes per day exercising. Neighborhood characteristics were unrelated to whether older people exercised
or not. However, among active individuals, distance to the nearest destination (β = −0.154, p = 0.016), in
women, and distance to the nearest park, in men (−0.030, 0.050), were predictors of LTPA frequency.

Conclusion. There was almost no association between neighborhood characteristics andwhether older adults
engaged in LTPA or not, but among those that did engage, neighborhood characteristics were associated with
increased frequency of LTPA. The promotion of well distributed destinations and parks might improve physical
activity levels among the elderly.
© 2013 Elsevier Inc. All rights reserved.
Introduction

Along with a healthy diet and psychosocial well-being, physical
activity (PA) is a major determinant for successful aging (Gremeaux
et al., 2012). International guidelines among older adults recommend
150 min of moderate–vigorous PA per week (WHO, 2010) but even
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light intensity PA is an important predictor of survival (Dogra and
Stathokostas, 2012). Still, the majority of older people report sedentary
lifestyles.

Several motivators and barriers may influence an older person's PA
(Schutzer and Graves, 2004). While there has been a recent plethora of
studies on the associations betweenPA andneighborhood characteristics,
these focused predominantly on children, adolescents and working-age
adults. But changes in functional and cognitive capacity, reductions in
income and increasingly limited spaces for activity make seniors more
vulnerable to the effects of local environment on health and related
behaviors (Kawachi and Berkman, 2003).

Many environmental correlates of PA have been mooted. However,
systematic reviews have found inconsistent results. The association
between neighborhood attributes and PA is by no means proven
(Cunningham and Michael, 2004; Koeneman et al., 2011; McCormack
and Shiell, 2011). It is also likely that associations will vary by gender,
and that gender differences may interact with age. Firstly, the older
individuals are, the lower their mobility. Secondly, the use of space is
highly dependent on social constructs. For instance, women appear to
be more vulnerable to the neighborhood effects (Stafford et al., 2005).
In addition, social environment seems particularly important in women,
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whereas physical environment predominantly affects men (Kavanagh
et al., 2006).

However, several weaknesses can be pointed out inmost of the stud-
ies exploring the relationships between environment and health-related
behavior: 1) self-reported bias because of the use of subjectivemeasures
about neighborhood environment; 2) focus on large heterogeneous
urban settings, disregarding smaller city neighborhood effects may be
different; and 3) preference for multilevel models that contemplate nei-
ther the inter-area dependency (Chaix et al., 2005) nor the modifiable
area unit problem, when results are influenced by the size/shape of the
administrative divisions (Openshaw, 1984).

Our study addresses a current gap in the literature by examining,
using a cross-sectional design, the relationship between socio-
environmental variables of neighborhood of residence and the fre-
quency of leisure-time physical activity (LTPA) among older adults
from Porto (Portugal).

Methods

Setting

Located in the northwest of Continental Portugal, Porto municipality had ap-
proximately 260,000 inhabitants in 2001(INE, 2001) distributed across 41.7 km2.
It is near the Atlantic coast, along the Douro River estuary. Historically, Porto is an
industrial and port city that competes with Lisbon in terms of economic power.

Participants

The EpiPorto Cohort encompasses a representative sample of adults aged
18–92 years living in Porto. Baseline evaluation was conducted from 1999 to
2003. Participants were recruited by random digit dialing using households as
the sampling frame. After assessing the number and age of the residents of
each household, a simple randomization was applied to select one eligible
person among the permanent adult residents. In the case of a refusal, no re-
placement was permitted. The response rate was 70%, resulting in a total of
2485 participants (Santos and Barros, 2003).

The local ethics committee approved the study protocol. The studywas car-
ried out according to theHelsinki Declaration and all participants completed the
informed written consent form. A Geographical Information System (GIS) was
used to georeference addresses. For the present study, only adults aged 65 or
more at baseline were included (N = 648). Three (0.5%) were excluded be-
cause of bad quality of address data.

TheMiniMental State Examination (MMSE)was used to screen for cognitive
impairment. Taking into account that MMSE is highly affected for educational
levels and no consensual cut-off values exist (Schmand et al., 1995), individuals
with scores below the 5th percentile were excluded according to education-
adjusted cut-off values: N14 for 0–2 years of schooling, N21 for 3–4 years (the
former levels of obligatory education in Portugal), N23 for 5–8 years and N25
for more than 8 years of schooling. Accordingly, 35 participants (5.4%) were
excluded, reducing the sample to 610 individuals.

Leisure-time physical activity assessment

LTPA was evaluated using the EpiPorto Physical Activity Questionnaire to
measure time and intensity of a wide range of activities, such as rest, transport,
work, household and leisure, which includes walking and organized sports
(Camões et al., 2010). Time spent (min/day) in LTPAwas available for 580 indi-
viduals, our final sample. Participants were classified into two categories: inac-
tive (no LTPA reported) and active (some LTPA even if insufficient).

Compared with the final sample, subjects with missing data on LTPA
were older, less educated and had been more frequently employed in man-
ual occupations (p b 0.001).

Individual variable assessment

Individual characteristics were obtained through structured questionnaires
and variables established as important predictors of LTPA were included as
confounders: age; marital status; educational attainment (number of schooling
years); previous occupation (re-categorized into manual and non-manual
workers); smoking status (smoker, occasional smoker, non-smoker and ex-
smoker); comorbidities (absence or presence of at least one of the following
conditions — cardiovascular, respiratory, osteoarticular and musculoskeletal
disorders, cancer, depression, cirrhosis and hypo/hyperthyroidism); residence
in Porto for 20 years or more (yes/no); and body mass index (discretized
according to the World Health Organization, WHO, cut-offs).

Socio-environmental variable assessment

Neighborhood characteristics included as independent variables in the sta-
tistical analysis were: socioeconomic status (SES) and population density of
the census tract of residence, distances to the nearest park, sport space, destina-
tion and sea/riverside, density of street intersections and bus stops and average
land gradientwithin 200 m (adopted as thewalkable distance for older individ-
uals, simply referred to below as neighborhood) around participant's residence.
Since individual data refers to baseline evaluation (1999–2003) all neighbor-
hood characteristics were collected for 2001.

Latent class analysis was used to model SES, from a set of socioeconomic
indicators at census tract level, related to age and education/occupation of resi-
dents and housing characteristics obtained from Statistics Portugal (INE, 2001)
(Alves et al. [results not published yet]). Three discrete classes of SESwere iden-
tified for Porto — from the least to the most deprived. Census data were also
used to compute population density.

Park boundaries and entrances were obtained from the city council digital
maps. Public sports spaces were georeferenced using a Global Positioning Sys-
tem. Sport spaces were classified into those typically preferred by men (n =
71, football, volleyball, walking, tennis, table tennis, boccia, swimming, golf, ath-
letics and cycling); or women (n = 25, volleyball, walking, tennis, table tennis,
boccia, swimming, golf, athletics and cycling). This classification was based on
local Portuguese reports and international studies, which documented a clear
mismatch between sports preferences in older women and men (Marin, 1988;
Salvador et al., 2009; Warde, 2006).

Additionally, the position of common destinations was assessed (using ex-
haustive lists and Google Earth imagery): public medical care services (hospital
and health centers), places ofworship (churches and cemeteries), cultural infra-
structure (libraries and museums), shopping centers and elementary schools
(accessed for leaving and picking up grandchildren).

Distances to parks, sport spaces, destinations and sea/riverside were calcu-
lated by the shortest street route from residence to the nearest feature.

Bus stop locations were obtained from STCP (Society for Collective Trans-
ports of Porto) and average land gradient (%) was computed using a digital
elevation model (scale = 1:25,000) from the Army Geographical Institute.

The location of the participant's residence and socio-environmental attri-
butes are depicted in Fig. 1.

Statistical analysis

Descriptive statistics were computed for all variables, by sex and degree of
participation in LTPA. Mann–Whitney U and Chi-square tests were employed
to compare distributions and proportions— differenceswere confirmed at a sig-
nificance value ≤0.05.

For data modeling, LTPA was used as a dependent variable and individual
and neighborhood characteristics as covariates. Firstly, the null hypothesis
that LTPA doesn't depend on the spatial location of an individual's residence
was tested. Secondly, univariate analysis was conducted and all covariates
with p-values ≤0.10 were included in the initial multivariate model. Then,
each covariate was removed step by step until the final adjusted model was
attained, eliminating consecutively those with the highest p-values. The final
model included only covariates with p-values ≤0.05 and a function (thin plate
spline) applied on the coordinates of each participant's residence. The presence
of interactions was evaluated by including interaction terms between gender/
marital status and area variables.

Two phases of models were built to test the hypotheses that 1) neighborhood
characteristics were related to participation in LTPA and 2) neighborhood charac-
teristics affect the time spent on LTPA among already-active persons. The first
model (Eq. (1)) included the whole sample and assessed LTPA as a dichotomous
variable (active/inactive). The second (Eq. (2)) contained only active individuals
and assessed LTPA as a continuous variable (min/day). Given its skewed distribu-
tion, the variable LTPA was log-transformed. The equations are presented below:

ln yið Þ ¼ β0 þ
X

βkxik þ f northi; eastið Þ þ ei ð1Þ

zi ¼ β0 þ
X

βkxik þ f northi; eastið Þ þ ei ð2Þ



Fig. 1. Spatial distribution of the participant's residences and built and socio-environmental features (Porto, 1999–2003).
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where yi is any LTPA, zi is the logarithm of the time spent on LTPA, βs are the
coefficients of the model, xik are the explanatory variables, f(northi, easti) is a
smooth function of the coordinates and ei are the residuals.

Additionally, the shape of significant relationships was estimated using thin
plate splines and graphically represented. Due to the presence of interactions
between sex and some neighborhood characteristics, sex-stratified models
were built.

All analyses were conducted in R using the packages ‘mgcv’ (Wood, 2009),
‘spatstat’ (Baddeley and Turner, 2013) and ‘spdep’ (Bivand, 2013). ArcMap
was used to georeference addresses, assess neighborhood characteristics, calcu-
late routes and map results.

Results

Descriptive statistics

Table 1 shows the demographic and neighborhood socio-
environmental characteristics of the study sample.

From the total sample of 580 participants (57.9% women), 62.4% re-
ported no LTPA. The mean age was around 72 years old for both sexes.
Most of the participants were married; among women, there were a
large proportion (39.3%) of widows. Contrary to men, women were
more likely to have been previously employed in manual professions.
The mean number of schooling years was 5 and 7 years, respectively
for women and men (p b 0.001). Overweight was the most common
BMI condition but gender differences were found (p b 0.001). While
there were very few female smokers, only 34.8% of the men reported
they had never smoked (p b 0.001). Around 60% of the women and
32% of the men reported at least one illness (p b 0.001).

Mean distance to the closest park, sport space and destination was
below 1 km, reflecting equal opportunities to Porto residents. The aver-
age street intersection density was 3 nodes per hectare and participants
had on average 3 bus stops around their residence. The average distance
to the coast or riverside was more than 3 km. The majority of partici-
pants lived in medium SES neighborhoods. Distance to suitable sport
spaceswas greater (p b 0.001) forwomen: around 800 m to the nearest
feature.With the exception of neighborhood population density – lower
among the active – no other neighborhood or individual variable dif-
fered significantly between active and inactive participants.

Among active individuals, the mean LTPA was 38.4 (women) and
66.9 (men) minutes per day. Only 11% of the females and 8% of the
males fulfilled the WHO recommendations for PA (150 min per week
of moderate-to-vigorous intensity).

Missing values were rare — a maximum of 13 cases for BMI.

Generalized Additive Models

There was no spatial autocorrelation in the distribution of partic-
ipation in LTPA (either active/inactive or min/day). Thus, the spatial
smoothing term was excluded from the models.

Results from the first phase of modeling (logistic regression with all
participants, predicting any LTPA) showed that neighborhood character-
istics – apart frompopulation density inmen (OR = 0.995, p = 0.013) –
had a limited effect on LTPA among older people. The model had a poor
explanatory capability: 9.4% (men) and 6.0% (women) of the variability
of the response (results not shown).

Table 2 shows the unadjusted and adjusted results of the second
phase of modeling (already-active persons). Unadjusted analysis
(Model 1) revealed a significant negative influence of neighborhood
SES in LTPA in men and a positive effect among women. Distance to
the nearest destination was negatively associated with women's LTPA.

After adjustment for potential confounders (Model 2), distance to
destinations remained significant with women, with a negative effect
on LTPA (β = −0.1536, p = 0.016). For every increase of 100 m in
the distance to the nearest destination, the time spent in LTPA reduced



Table 1
Characteristics of the participants (Porto, 1999–2003) according to participation in LTPA (inactive or active).

Total (N = 580) Inactive (N = 362) Active (N = 218)

Women (N = 336) Men (N = 244) Women (N = 232) Men (N = 130) Women (N = 104) Men (N = 114)

Mean (SD)a or % Mean (SD) or % Mean (SD) or % Mean (SD) or % Mean (SD) or % Mean (SD) or %

Age (years) 71.8 (5.2) 2.0 (5.4) 71.9 (5.4) 71.8 (5.7) 71.5 (4.9) 72.3 (4.9)

Marital status⁎

Married 44.6 86.5 44.0 87.7 46.2 85.1
Single 9.8 0.4 9.5 0.8 10.6 0.0
Widowed 39.3 9.8 40.9 8.5 35.6 11.4
Divorced/separated 6.3 3.3 5.6 3.1 7.7 3.5
Education attainment (no. years)⁎ 5.0 (3.9) 6.8 (4.2) 4.5 (3.5) 7.1 (4.6) 6.2 (4.5) 6.6 (3.7)

Type of occupation⁎

Non-manual 29.8 61.7 27.2 62.8 35.6 60.5
Manual 70.2 38.3 72.8 37.2 64.4 39.5
Residence in Porto (N20 years) 82.1 81.1 80.6 79.2 85.6 83.3

Comorbidities⁎

No 39.9 67.6 42.2 72.3 34.6 62.3
Yes 60.1 32.4 57.8 27.7 65.4 37.7

Body mass index⁎

Underweight (b18.5) 0.3 1.2 0.5 0.8 0.0 1.8
Normal (18.5–24.9) 17.5 33.6 15.8 31.0 21.2 36.6
Overweight (25.0–29.9) 47.5 46.5 46.4 48.1 50.0 44.6
Obese (≥30.0) 34.7 18.7 37.4 20.2 28.8 17.0

Smoking habits⁎

Smoker 1.2 14.8 0.9 15.4 1.9 14.0
Occasional smoker 0.3 0.8 0.4 0.8 0.0 0.9
Non-smoker 93.7 34.8 93.9 33.8 93.3 36.0
Ex-smoker 4.8 49.6 4.8 50.0 4.8 49.1
LTPAc (min/day)⁎ 11.9 (29.2) 1.3 (53.0) 0 0 38.4 (41.8) 66.9 (60.3)
Met WHO recommendations (150 MVPA min/week)d 3.3 33.7 0.0 0.0 10.6 7.9
Distance to the nearest park (hm) 8.3 (5.7) 88.6 (5.6) 8.1 (5.4) 8.7 (5.3) 8.6 (6.3) 8.4 (5.9)
Distance to the nearest suitable sport space (hm)⁎ 8.1 (4.2) 55.0 (2.9) 8.0 (4.1) 5.2 (3.0) 8.2 (4.6) 4.9 (2.9)
Distance to the nearest destination (hm) 2.3 (1.5) 23.3 (1.4) 2.3 (1.5) 2.4 (1.5) 2.2 (1.4) 2.3 (1.4)
Distance to the sea/riverside (hm) 30.5 (11.3) 330.8 (10.2) 30.9 (11.0) 31.1 (10.0) 29.6 (11.9) 30.4 (10.4)
Population density (inhabit/ha)# 121.9 (73.6) 1123.6 (78.9) 124.7 (76.1) 134.1 (81.2) 115.8 (67.6) 111.6 (74.8)
Intersection density (nodes/ha)e 3.4 (1.8) 33.3 (1.9) 3.4 (1.7) 3.4 (1.9) 3.4 (2.0) 3.2 (1.8)
Bus stopse 3.3 (1.9) 33.2 (1.9) 3.4 (2.0) 3.2 (1.9) 3.1 (1.8) 3.3 (1.8)
Land gradient (%)e 2.6 (1.5) 22.5 (1.4) 2.6 (1.5) 2.4 (1.3) 2.5 (1.6) 2.5 (1.5)

Neighborhood SESb

1 — least deprived 18.5 221.3 16.8 24.6 22.1 17.5
2 — medium deprived 64.9 660.7 65.5 60.0 63.5 61.4
3 — most deprived 16.7 118.0 17.7 15.4 14.1 21.1

a SD = standard deviation.
b SES = socioeconomic status.
c LTPA = leisure-time physical activity.
d WHO = World Health Organization, MVPA = moderate-to-vigorous physical activity.
e Within 200 meter circular buffer.
⁎ p ≤ 0.05 comparing men and women.
# p ≤ 0.05 comparing active and inactive.
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by 14.2% ((1 − eβ1) × 100). Among men, it was distance to parks that
showed a slightly detrimental effect on LTPA (β = −0.0298, p =
0.050): for every 100 meter increase in distance, LTPA decreased by
2.9%. No other variables were significantly associated. Overall, the
models accounted for 12.6% (women) and 14.5% (men) of the variability
in LTPA.

We examined the functional form of the associations shown in
Table 2 and detected a linear dose–response relationship between
LTPA and distance to destinations among women (Fig. 2). In men, how-
ever, the relationshipwas curvilinear, less clear and only significant up to
500 m (Fig. 2).

Discussion

We examined the relationship between several objectively mea-
sured neighborhood characteristics and the frequency of LTPA in older
people from Porto. Neighborhood characteristics were unrelated to
whether they were physically active or not.When analysis was restrict-
ed to those active in someway, only distance to the nearest destination,
in women, and distance to the nearest park, in men, were (negatively)
associated with LTPA.

The direction of associations between LTPA and environmental char-
acteristics was as expected and in line with findings from other studies.
Proximity to shops, schools, cultural sites and places of social interaction
may encourage older adults to perform PA, and has been associated
with different types of PA (Inoue et al., 2011; Michael et al., 2006;
Nagel et al., 2008; Nathan et al., 2012; Siu et al., 2012; Van
Cauwenberg et al., 2012). We observed this association only for
women and this, too, is echoed in the literature (Inoue et al., 2011;
King et al., 2005; Van Dyck et al., 2012). Older women, especially in tra-
ditional societies such as Portugal, are usually responsible for domestic
tasks – shopping, leaving grandchildren at school – and involved in



Table 2
Association between daily minutes spent in leisure-time physical activity (log-transformed) and neighborhood characteristics, stratified by sex (Porto, 1999–2003).

Model 1a Model 2b

Women Men Women Men

Coefficient p-Value Coefficient p-Value Coefficient p-Value Coefficient p-Value

Distance to the nearest park (m) −0.0265 0.051 −0.0230 0.124 – – −0.0298 0.050
Distance to the nearest sport space (m) 0.0055 0.770 0.0219 0.477 – – – –

Distance to nearest destination (m) −0.1675 0.004 0.0459 0.468 −0.1536 0.016 – –

Distance to the sea/riverside (m) −0.0051 0.482 −0.0042 0.626 – – – –

Population density (inhabit/ha)c −0.0015 0.231 0.0003 0.788 – – – –

Street intersection density (nodes/ha)c −0.0329 0.455 0.0098 0.842 – – – –

Bus stopsc −0.0233 0.625 0.0319 0.509 – – – –

Land gradient (%)c −0.0029 0.958 −0.0044 0.940 – – – –

Neighborhood SESd – – – –

1 — least deprived Ref Ref
2 — medium deprived −0.2436 0.245 0.4390 0.066
3 — most deprived −0.6442 0.026 0.2161 0.445

a Univariate analysis.
b Multivariate analysis, adjusted for age, educational attainment, marital status, type of occupation, comorbidities, BMI and smoking habits.
c Within 200 meter circular buffer.
d SES = socioeconomic status.
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church activities. It is thus reasonable to expect that the vicinity of those
destinations might increase PA.

The association between proximity to parks and LTPA amongmen
has been explored in other studies (Hanibuchi et al., 2011; Li et al.,
2005; Siu et al., 2012). In our work, the distance from parks was neg-
atively associatedwith PA amongmen, but the strength of this relation-
ship was weak, indicating its contribution might be minor. Indeed, the
literature finds the association for men to be relatively inconsistent
and perhaps dependent on park attributes, and that associations for
women are more usually absent (Hall and McAuley, 2010; Inoue et al.,
2011; Nagel et al., 2008; Strath et al., 2012; Van Cauwenberg et al.,
2012). Several studies have noted that the use of green space differs
by gender: women tend to visit public parks less frequently and avoid
them if they are unsafe and/or neglected. Men, in contrast, report
fewer concerns about safety and tend to visit them often (Foster et al.,
2004; O'Brien, 2005; Richardson and Mitchell, 2010). We could not
assess the effect of public safety or quality of parks on LTPA, due to
absence of data. However, since Porto is known to be a rather secure
city, public safety might not be a key variable.

The absence of a relationship between LTPA and distance to sport fa-
cilities diverges from other studies (Cerin et al., 2012; Giehl et al., 2012;
Fig. 2. Effect of distance to the nearest destination (women) and park (men) on the frequency o
estimating the effect of distances (hm) on the frequency of leisure-time physical activity; gray
Li et al., 2005). The lack of association in our study might result from a
preference among Porto's older population for walking as PA, as in
other settings (Cohen-Mansfield et al., 2004), thus not requiring exer-
cise facilities. However, our data did not allow us to distinguish walking
from other forms of PA.

No association between LTPA and street connectivity and density of
bus stops was observed, which contrasts with studies where older peo-
ple living in highly connected areas have been found to be more active
(Hall and McAuley, 2010; Li et al., 2008). However, many other studies
found no association (Hanibuchi et al., 2011; Nagel et al., 2008; Strath
et al., 2012).

Land gradient and distance to sea or riverside had no effect on LTPA,
but population density seemed to slightly inhibit PA. To our knowledge
only one study has found such a negative relationship before (Tsunoda
et al., 2012),while others foundno clear association (Gomez et al., 2010;
Hanibuchi et al., 2011). Unmeasured characteristics associated with
dense urban areas – noise, unsightliness, traffic and crime – could ex-
plain our findings. These features have been examined elsewhere, and
have been found to have a negative association with PA (Gomez et al.,
2010; Kremers et al., 2012; Li et al., 2005; Nagel et al., 2008; Strath
et al., 2012; Van Cauwenberg et al., 2012).
f leisure-time physical activity (Porto, 1999–2003). Solid line represents the smooth term
shade limits the 95% confidence interval.

image of Fig.�2
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Surprisingly, we found no association between neighborhood SES
and LTPA frequency, and no interaction between neighborhood SES
and other neighborhood characteristics. Comparisons with other stud-
ies are difficult because the role of neighborhood SES on older individ-
uals' PA has been poorly explored and area-level SES measurements
vary greatly between studies and settings. Perhaps inevitably then,
mixed results are found throughout the literature (King et al., 2005;
Michael et al., 2010; Siu et al., 2012; Van Dyck et al., 2010). Furthermore,
it is possible that our measurement of area SES did not capture all
dimensions of this broad construct, despite being a multidimensional
classification.

Limitations

Nonetheless, study weaknesses need to be acknowledged. Firstly,
the cross-sectional design prohibited investigations of causality. Sec-
ondly, it relied on self-reported frequency of LTPA. Systematic bias in
recollection or reporting remains a possibility. Thirdly, only frequency
of PA was measured. There was no discrimination of PA's modalities,
only of groups of activities based on energy expenditure. However, the
EpiPorto PA Questionnaire was based on a well-established question-
naire (European Prospective Investigation into Cancer and Nutrition)
and the validation procedure showed that it is a valid and reproducible
instrument for assessing PA among adults (Camões et al., 2010). Fourth-
ly, the studywas restricted to a single urban settingwith unique charac-
teristics – relatively homogeneous and compact urban design and an
equal distribution of socio-demographic characteristics among its in-
habitants – which certainly limits the generalizability of the results.
Lastly, although we did assess a large number of neighborhood charac-
teristics, we could not include important factors, such as crime, traffic
and social support. Likewise, due to data unavailability, we did not
incorporate subjective measures of urban environment, which, as seen
in previous studies (Inoue et al., 2011; Strath et al., 2012; Van
Cauwenberg et al., 2012), might act as important barriers/motivators
of PA among older adults and could have contributed to increase the
amount of the variability in LTPA explained by our models.

Strengths

The study has several strengths. The use of objective measures to
characterize neighborhood environment reduced the risk of bias associat-
edwith subjectivemeasures, frequently seen as a cause of inconsistencies
between studies (Koeneman et al., 2011). Our study also captured awide
range of attributes from sport infrastructures to physical environment,
maximizing the chance that important correlates were included. Addi-
tionally, it was based on a large well-characterized population-based co-
hort. Being oneof thefirst studies onolder population in Southern Europe
and the first in Portugal, this represents an important strength, because
research should cover diverse regions in order to confirm findings and
analyze its generalization potential. Finally, our work fits international
and, particularly, European Commission demands in terms of scientific
research: Horizon 2020 (framework program for research and innova-
tion) is pushing member states to target their investigation at the field
of active aging and age-friendly environments.

Conclusions

Proximity to shops, cultural sites, places for social interaction and,
weakly, parks was associated with increasing time spent on LTPA
among the elderly who already participate in PA. However, in this set-
ting, neighborhood characteristics did not define whether older adults
were active (some PA) or inactive (no PA at all). From a public health
perspective, promoting well distributed destinations and parks could
increase the (currently small) percentage of older people who meet
PA recommendations. Nevertheless, there is a lack of consensus as to
the environmental correlates of PA claims for more longitudinal studies
and standardized/validated measures of PA and neighborhood attri-
butes. Given that the pressure over health and social provision systems
has been aggravated as demographic aging advances, more attention
should be drawn to primary prevention, namely through urban plan-
ning interventions.
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