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Abstract

Background: Built environments that are designed to provide accessible, attractive, and convenient locales promote regular physical activity (PA).
Norway has great variability in its geographic, natural, and built environment features. Urban areas have well-developed built environment
features, whereas the rural areas are less walkable and this may influence the mode of transport. In general, active transport is more common in
urban centers. Further, public transportation is more developed in urban areas, whereas motorized transport may be more widespread in the rural
areas. Despite this, in Sogn & Fjordane, a rural county in western Norway, high PA levels are frequently observed. Thus, the aims of this study were
to (1) explore perceived built environment features and characterize their associations with objectively measured PA levels in Norwegian adults
and (2) explore the differences in these correlates between Sogn & Fjordane and the rest of Norway.

Methods: In this cross-sectional study, participants used questionnaires to rate perceptions of their built environments, and their PA was objectively
measured for 7 consecutive days using the ActiGraph GT1M accelerometer. There were 972 Norwegian adults who were included in the study. The
average age was 46.9 + 6.5 years and 43.8% of participants were men. Data were analyzed using multiple linear regression.

Results: Total PA and moderate-to-vigorous physical activity (MVPA) were both associated with perceived walkability, the community perception
score, and active transport for commuting (all p < 0.004). We also observed geographic-area-specific associations: the community perception score
was negatively associated with total PA and MVPA in the rest of Norway (p < 0.012) but not in Sogn & Fjordane. Public transport for commuting
was positively associated with MVPA in Sogn & Fjordane (p = 0.03) but not in the rest of Norway.

Conclusion: Total PA level and MVPA were associated with built environment factors, such as perceptions of community, perceived walkability,
and engaging in active transport for commuting. Geographic differences in the PA correlates were observed, and thus, locally customized
environmental population approaches aimed at increasing PA levels may be essential complements to individual behavior and lifestyle strategies.
Further, objective measures of Norwegian built environments, such as geographic information system data, and validated walk- and bike-scores
would advance the field.

© 2018 Production and hosting by Elsevier B.V. on behalf of Shanghai University of Sport. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction shops, services, work, efc.), safety from traffic, degree of urban-
ization (population density or size of municipality), and quality
of the environment (general activity-friendliness) are related to
adults’ total PA.>*>7 However, built environments vary across
countries and regions and may be cultural and locally
determined.*” In particular, Norway has great variability in its
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Built environments that are designed to provide accessible,
attractive, and convenient locales promote regular physical
activity (PA)."7 Factors such as access to key destinations (e.g.,
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Norway. Thus, characterizing the association between Norwe-
gian adults’ activity patterns with perceptions of their built
environments could provide insights into person—environment
fit and unravel possible person-level characteristics that can
inform future public health initiatives to promote PA.

A substantial body of literature highlights the benefits of
regular PA in preventing non-communicable diseases.*""
Worldwide, physical inactivity (i.e., not meeting recommended
guidelines for PA'") is estimated to cause 6%—10% of the major
non-communicable diseases and 9% of premature deaths. This
makes inactivity similar to the established risk factors of
smoking and obesity. Despite this knowledge, a large propor-
tion of the world’s population remains physically inactive.'*"
In Norway, only 32% of the population meets the recommended
guidelines for PA.'

There are, however, considerable variations in PA levels and
health within Norway.'”*" In particular, for decades, the county
of Sogn & Fjordane, located in the west part of Norway, has
experienced one of the lowest levels of risk for myocardial
infarction.'”?! In addition, the county’s residents have higher
levels of PA'™" and longer life expectancy® compared with
other regions in Norway, despite the fact that the built
environment—where the majority of the population lives—has
been particularly designed to enhance PA only to a limited
degree. As of 2017, Sogn & Fjordane has a population of
approximately 110,000 inhabitants, and people mainly live in
small urban areas or are scattered over a wide rural area. The
population density for the region is 5.9 inhabitants/km?, com-
pared with 13.2 inhabitants/km? throughout Norway. Sogn &
Fjordane is situated in the middle of Fjord Norway, and con-
tains some of the wildest and most beautiful scenery in Norway.
The area has dramatic scenery including glaciers, mountain
ranges, lakes, waterfalls, and fjords.”

Based on the knowledge of the influence of built environ-
ments on PA, the limitation of the built environment to enhance
PA, and the beneficial health status and PA levels identified in
Sogn & Fjordane, the primary aim of this study was to explore
perceived built environment features and characterize their asso-
ciations with objectively measured PA levels in Norwegian
adults. The secondary aim was to explore the differences in these
correlates between Sogn & Fjordane and the rest of Norway.

2. Materials and methods
2.1. Participants

In 2008-2009 we mailed a representative sample of 2462
men and women from 13 out of 19 counties in Norway, who
were born between 1954-1956 and 1967-1969, to invite them
to participate in the Physical Activity among Adults and Older
People Study. This included a major sub-sample of » = 1096
adults from the county of Sogn & Fjordane and » = 1366 adults
from the rest of Norway. In the event of nonresponse, we con-
tacted participants by phone and mail. Fifty-one invitations
were returned because of an unknown address or death; there-
fore, the eligible sample consisted of 2411 men and women
from across Norway. In total, 1032 adults participated in the
study, and 972 adults (40%) provided data with at least 1 built

A.K. Solbraa et al.

environment variable, which included 590 adults from Sogn &
Fjordane and 382 adults from the rest of Norway. Average age
of participants was 46.9 + 6.5 years (mean £+ SD) and 43.8% of
participants were men. We described the study population in
greater detail elsewhere.'>'®

Data collection occurred between May 2008 and December
2009. When we received the signed informed consent form, we
mailed participants the study questionnaires, an accelerometer
(to objectively measure PA), and a prepaid envelope (to return
the data and accelerometer). The study was approved by the
Regional Committee for Medical Research Ethics, the Norwe-
gian Social Science Data Services AS, and the Norwegian Tax
Department.

2.2. Measures

2.2.1. P4

We used the ActiGraph GT1M accelerometer (ActiGraph
LLC, Pensacola, FL, USA) to capture participants’ patterns of
PA over 7 days. We initialized the accelerometer and analyzed
data using ActiLife (ActiGraph). We instructed participants to
wear the monitor above their right hip during all waking hours
for 7 consecutive days, except during water activities and
showering. We set the epoch length to 10 s and reintegrated
data into 60 s epochs. We excluded all night activity (between
00:00 and 06:00) and all periods of at least 60 min of con-
secutive 0 counts, with an allowance for interruptions of
1-2 min of counts above 0.'> Participants with at least 10 h of
PA data for at least 4 days were included in the analyses.” We
present PA as total PA (mean counts per minute per day, cpm)
and moderate-to-vigorous physical activity (MVPA) (2020
cpm, MVPA, min/day).* We used SAS-based software
program (SAS-Institute Inc., Cary, NC, USA) and CSA Ana-
lyzer (csa.svenssonspork.dk) for accelerometry data reduction.

2.2.2. Built environment

We used the empirical literature on built environment factors
as a guide for including outcomes that are associated with PA in
various settings and populations.®*> We asked participants to
self-report the size of home municipality (number of residents)
and provide their home address. We used a perceived commu-
nity attribute using a 7-item scale, where participants indicated
on a 4-point Likert scale the extent to which they agreed or
disagreed with statements describing their community such as
(1) safety of recreation areas and park; (2) access to PA facili-
ties or locations; (3) organized opportunities for PA; (4) access
to shops; (5) walking and biking facilities; (6) pedestrian street
safety; and (7) crosswalks and signal lights.***” The measures
showed good internal consistency (o= 0.79). We calculated a
community perception score using the mean of at least 6 out of
7 items. We measured perceived walkability using a 4-item
scale on which participants indicated their walking time from
home to a (1) grocery store; (2) recreational area, park, or trail;
(3) gym, swimming pool, sport center, or outdoor sport facility;
and (4) forest or open field or mountain. We calculated a per-
ceived walkability score by the mean of at least 3 out of 4 items.
Participants self-reported commuting to work was assessed
using the categories (1) car or motorbike (called motorized
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transport); (2) public transport; (3) biking; (4) walking; and (5)
not applicable. We collapsed the categories biking and walking
into 1 variable (called active transport), and excluded data from
participants who responded “not applicable”.

2.2.3. Other variables

Participants self-reported age, sex, education level (less than
high school, high school, university <4 years, or university >4
years), current work status (later categorized into working and
not working), smoking status (yes or no), height, and weight.
We calculated body mass index (BMI) as self-reported weight
(kg) divided by self-reported height squared (m?). Participants
rated their perceived health as very good, good, either, poor, or
very poor and later collapsed into either, good, and poor, and
entered into the analyses. We measured PA self-efficacy using a
5-item scale, previously validated by Fuchs and Schwarzer,”
((1) Tam tired; (2) I feel depressed; (3) I am concerned; (4) [ am
angry, and (5) I feel stressed), on which the participants indi-
cated on a 7-point Likert scale the extent to which they were
confident (not at all confident to very confident) in their ability
to perform planned PAs in the face of potential barriers. We
calculated a self-efficacy score by the mean of at least 3 out of
5 items.”” The measures showed good internal consistency
(=0.91).

2.3. Statistical analysis

We described participants’ characteristics, stratified by sex
and geographic area (Sogn & Fjordane vs. the rest of Norway),
using mean £ SD or as frequencies and proportions. We used
Student’s ¢ test for independent groups and x* tests for propor-
tions to identify differences between sexes and geographic
areas. We used multiple linear regression to determine the asso-
ciation between objectively measured PA (dependent variables)
and potential correlates (independent variables), and adjusted
all associations for sex, BMI, education level, smoking, per-
ceived health, and mean daily walk time. Preliminary analyses
were conducted to ensure that there was no violation of the
assumptions of linear regression. We created an interaction
variable “sex/(location of residence) X independent variable”
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and included it in the model with the other variables. If there
was a significant interaction with sex or location of residence,
we presented sex-specific and geographic-area-specific associa-
tions separately.

We present results as regression coefficients (f3), p values,
and 95% confidence interval (CI). Residuals were normally
distributed in the models. We then classified potential correlates
by tertiles (below tertile 1: low score; between tertiles 1 and 2:
medium score; above tertile 2: high score). Analyses of covari-
ance were used to test the interaction (location of resi-
dence X tertiles of potential correlates) in relation to PA levels
(dependent variable), adjusted for the potential confounders
mentioned above (Fig. 1). For the categorical variables the
interaction variable (location of residence X potential corre-
lates) was used. We used SPSS Version 20.0 (IBM Corp.,
Armonk, NY, USA) to conduct all analyses. The significance
level was set to p < 0.05.

3. Results
3.1. Sample characteristics

We provide a summary of participants’ characteristics in
Table 1. Approximately 80% of the participants in both areas
reported their health to be good. The majority of the partici-
pants were employed: 96% in Sogn & Fjordane and 95% in the
rest of Norway. In Sogn & Fjordane approximately 53% of
adults were overweight or obese, compared with 48% of adults
in the rest of Norway. Approximately 17.2% of adults in Sogn &
Fjordane smoked, compared with 19.5% of adults in the rest of
Norway (there were no statistically significant differences).

The residents of Sogn & Fjordane lived in less-populated
municipalities (99.2% vs. 14.6% living in municipalities with
10,000 inhabitants or fewer, p < 0.001) and reported lower com-
munity perception scores (3.1 vs. 3.4, p <0.001).

Compared with the rest of Norway, adults in Sogn & Fjordane
were significantly more physically active (43.1 = 26.5 min/day
vs. 34.4 £23.0 min/day of MVPA, p <£0.001). Commuting to
work, such as biking or walking, differed significantly
(p £0.001) between regions: adults in Sogn & Fjordane were
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Fig. 1. Associations between moderate-to-vigorous physical activity (MVPA) (min/day) and (A) community perception score, (B) perceived walkability score, and
(C) types of transport for commuting, by location of residence. All associations are adjusted for sex, body mass index, education level, smoking, perceived health,
and mean daily wear time. *p < 0.05, compared with the other 2 tertiles or types in the same location; “p < 0.05, compared with the same tertile in the other location.
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Table 1
Characteristics of the participants® (mean = SD or n (%)).
Sogn & Fjordane Rest of Norway P
All Men Women P’ All Men Women P’
(n=487-590) (n=220-251) (n=267-339) (n=288-382) (n=142-175) (n=146-207)
Total PA (cpm) 403.8 £ 148.1 404.8+154.8 4029+ 1432 0.878 344.1+£131.9 339.8+1304 347.7£1333 0.562  <0.001
MVPA (min/day) 43.1+26.5 443 +£27.7 4224255 0362  34.4+23.0 354+£22.6 33.5+£234 0.430  <0.001
Sociodemographic
Age 472+6.5 473+6.5 47.1+6.5 0.790  46.4+6.5 46.7+6.6 46.1+6.5 0.390  0.067
Education level 0.015 0.634  0.012
Less than high school 44 (7.6) 23 (9.3) 21 (6.3) 35 (9.3) 17 (9.9) 18 (8.7)
High school 248 (42.6) 119 (48.4) 129 (38.4) 121 (32.0) 60 (34.9) 61 (29.6)
College or university 132 (22.7) 50 (20.3) 82 (24.4) 101 (26.7) 42 (24.4) 59 (28.6)
<4 years
College or university 158 (27.1) 54 (22.0) 104 (31.0) 121 (32.0) 53 (30.8) 68 (33.0)
>4 years
Health related
Height (cm) 173.1£9.0 180.6 £7.1 167.6 £5.6 <0.001 173.6+8.8 180.6 £ 6.1 167.8 £6.0 <0.001  0.366
Weight (kg) 77.2+15.0 86.9+13.6 70.0£11.5 <0.001 77.3+149 86.9+12.7 692+ 115 <0.001  0.922
BMI (kg/m?) 25.6%39 26.6 £3.7 249+39 <0.001 255+39 26.6 (3.8 24.6+3.7 <0.001  0.627
Overweight 226 (40.6) 119 (50.4) 107 (33.4) 134 (36.8) 81 (48.5) 53 (26.9)
Obese 67 (12.1) 30 (12.7) 37 (11.6) 42 (11.5) 26 (15.6) 16 (8.1)
Smoking 101 (17.2) 42 (16.8) 59 (17.5) 0.822 74 (19.5) 29 (16.7) 45 (21.8) 0.204  0.371
Perceived health 0.546 0.215  0.670
Either 110 (18.7) 51 (20.4) 59 (17.4) 63 (16.5) 33 (18.9) 30 (14.5)
Good 467 (79.3) 193 (77.2) 274 (80.8) 309 (81.1) 136 (77.7) 173 (84.0)
Poor 12 (2.0) 6 (2.4) 6 (1.8) 9 (24) 6 (34) 3 (1.5)
Built environment
Size of home municipality 0.210 0.637 <0.001
<10,000 564 (99.2) 248 (100) 316 (98.8) 54 (14.6) 22 (12.8) 32 (16.3)
10,001-30,000 2 (0.4) - 2 (0.6) 135 (36.6) 65 (37.8) 70 (35.5)
230,001 2 (0.4) - 2 (0.6) 180 (48.8) 85 (49.4) 95 (48.2)
Perceived community score 3.1+£0.7 3.1+£0.7 3.1+£0.7 0.978 34+0.6 34+05 33107 0.418 <0.001
Perceived walkability score 33407 34107 33+0.7 0.007 34107 3.5+0.7 34+0.7 0.170 0.142
Commuting 0.130 0.058  <0.001
Motorized transport 378 (77.5) 180 (81.8) 198 (74.1) 223 (77.4) 114 (80.3) 109 (74.6)
Public transport 8 (1.6) 3 (1.4) 5 (1.9 21 (7.3) 13 9.2) 8 (5.5)
Active transport 101 (20.7) 37 (16.8) 64 (24.0) 44 (15.3) 15 (10.5) 29 (19.9)
* The number of participants varies between each variable.
® For sex difference.
¢ For location difference (Sogn & Fjordane vs. the rest of Norway).
Abbreviations: “~” = not applicable; BMI = body mass index; cpm = counts per minute; MVPA = moderate-to-vigorous physical activity; PA = physical activity.

more likely to use active transport (20.7% vs. 15.3%) and less
likely to use public transport (1.6% vs. 7.3%).

3.2. Built environment correlates of PA

We noted sex-specific associations for the community per-
ception score (p <0.001 for both total PA and MVPA out-
comes) and perceived walkability (p <0.001 for MVPA).
Living in Sogn & Fjordane, the community perception score
(for men only), the perceived walkability score (for MVPA for
women only), and active transport for commuting were associ-
ated with total PA and MVPA (all p <0.002) (Table 2).

Adjusted for sociodemographic and health-related factors,
the built environment correlates included in the model
accounted for 14.8% of the variance in total PA and 15.7% of
the variance in time spent in MVPA (Table 2). Adding self-
efficacy to the model did not change the associations noticeably
(data not shown).

3.3. Geographic differences in the built environment
correlates of PA

Geographic-area-specific associations were found for the
community perception score (p =0.029 for total PA and
p=0.045 for MVPA), and public transport for commuting
(» =0.027 for MVPA). The community perception score was
associated with total PA and MVPA in the rest of Norway
(B=-24.75, 95%CI: —42.84 to —6.67, p=0.007 for total PA;
B=-4.07, 95%CI: —7.24 to —0.90, p =0.012 for MVPA) but
not in Sogn & Fjordane. Public transport for commuting was
associated with MVPA in Sogn & Fjordane (= 12.16, 95%CI:
1.20 to 23.12, p=0.03 compared with motorized transporta-
tion) but not in the rest of Norway.

Investigating a set of built environment variables and their
associations with PA established location of residence, the com-
munity perception score, the perceived walkability score, and
active transport for commuting as correlates for PA. We provide
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Table 2
Built environment correlates of total PA (cpm) and MVPA (min/day) for participants with complete dataset (n = 886).
Total PA (cpm) MVPA (min/day)
B p 95%ClI R’ B p 95%CI R’
0.148 0.157

Sogn & Fjordane vs. rest of Norway 53.99 0.002 19.34 to 88.64 8.86 0.004 2.79 to 14.93
Size of home municipality

<10,000 Ref Ref

10,001-30,000 —-16.53 0.421 —56.78 to 23.73 —-1.68 0.640 —8.73 to 5.38

>30,001 14.74 0.463 —24.68 to 54.15 3.70 0.294 —3.21 to 10.60
Perceived community -13.22 0.081 —28.07 to 1.64 -2.20 0.098 —4.80 to 0.40

Men —48.94 <0.001 —70.99 to —26.90 —8.71 <0.001 —12.57 to —4.85

Women 9.37 0.308 —8.66 to 27.40 1.92 0.223 —1.24 to 5.07
Perceived walkability 28.52 <0.001 14.97 to 42.07 4.90 <0.001 2.52 to 7.27

Men - - - 2.42 0.154 —0.913 to 5.75

Women - - - 7.00 <0.001 391 to 10.09
Commuting

Motorized transport Ref Ref

Public transport —2.14 0.937 —55.23 to 50.95 5.57 0.240 —3.73 to 14.87

Active transport 39.57 0.002 14.12 to 65.02 7.61 0.001 3.15 to 12.07

Note: All associations are adjusted for sex, BMI, education level, smoking, perceived health, and mean daily wear time.

w2

Abbreviations:
PA = physical activity; Ref = reference.

a visual representation of the associations between MVPA and
the correlates for Sogn & Fjordane and the rest of Norway in
Fig. 1. An interaction with location of residence was observed
for the community perception score (p = 0.018) and commuting
(p = 0.035). The figures indicate that the participants in Sogn &
Fjordane who reported the lowest third of the community per-
ception scores had substantially higher MVPA levels compared
with those who reported higher community perception scores
and compared with the rest of Norway (Fig. 1A). Although
active transport was associated with higher MVPA compared
with motorized transport for commuting for both locations of
residence (Fig. 1C), public transport was associated with the
highest MVPA levels in the rest of Norway, whereas the oppo-
site pattern was observed in Sogn & Fjordane. For the perceived
walkability score (Fig. 1B), the same pattern was observed for
both locations of residence: MVPA increased with higher
scores. However, the MVPA levels were higher in Sogn &
Fjordane compared with the rest of Norway. The same patterns
as for MVPA were observed for total PA (data not shown).

4. Discussion

The results from this study suggest that total PA and time
spent in MVPA are positively associated with living in Sogn &
Fjordane, higher perceived walkability scores, and active trans-
port for commuting. Higher community perception scores were
negatively associated with PA among men but not women.
Geographic differences in the PA correlates were observed; for
instance, the community perception score was negatively asso-
ciated with total PA and MVPA in the rest of Norway, where the
majority of the sample lived in municipalities with more than
10,000 inhabitants. However, the association was not found in
Sogn & Fjordane, a county where the population was more
physically active and where most of the sample lived in munici-

= not applicable; BMI = body mass index; CI = confidence interval; cpm = counts per minute; MVPA = moderate-to-vigorous physical activity;

palities with fewer than 10,000 inhabitants. MVPA was sub-
stantially higher among the participants in Sogn & Fjordane
who reported the lowest third of the community perception
scores compared with the rest of Norway. In contrast, public
transport for commuting was positively associated with MVPA
in Sogn & Fjordane but not in the rest of Norway. Compared
with motorized and active transport for commuting, MVPA was
highest for those who reported using public transport for com-
muting in the rest of Norway, whereas it was lowest in Sogn &
Fjordane.

Although early findings suggest ambiguous associations
between perceived environment and PA,**’ convincing evidence
for a positive association between perceptions of the commu-
nity and PA has been found in more recent European studies.’
This is contrary to our observations, in that higher community
perception scores were associated with lower amounts of PA for
men in the rest of Norway. Hansen et al.”” found no association
between the same community perception measure and PA in a
Norwegian population-based sample and argued that the rea-
sonably high mean score was not able to discriminate suffi-
ciently. Our mean scores are equally high, however, the narrow
age range in our sample may explain the divergent results for
part of the sample. The majority of our study population was
employed, which could have influenced this association. More-
over, cultural aspects may have an impact. Throughout Norway,
there is easy access to nature and recreation areas close to
where people live, which could have encouraged PA. However,
perhaps because the competing availability of activities led to
sedentary behavior in the rest of Norway, a substantial propor-
tion of the population did not appear to use these facilities. In
contrast, however, the substantially higher MVPA levels
observed in those who reported the lowest community percep-
tion scores in Sogn & Fjordane compared with those who
reported higher scores and compared with the rest of Norway
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suggest that correlates other than perceptions of community
may influence PA. For example, the population in Sogn &
Fjordane may choose to be active, or need to be active (for
transportation), despite their neighborhood surroundings.

Walkability has been suggested to be positively related to
total PA and active transport.” A Swedish study®® found that
individuals who lived in highly walkable neighborhoods walked
50 min/week more for active transportation and had 3.1 min/day
more MVPA compared with those who lived in less walkable
neighborhoods. Our findings extend this work in that the people
who reported higher perceived walkability had higher levels of
PA in both Sogn & Fjordane and the rest of Norway. As expected,
we found a positive association between active transport for
commuting and PA. This emphasizes the importance of encour-
aging active transport within communities. The higher propor-
tion of those who used active transport in Sogn & Fjordane
compared with the rest of Norway is contrary to previous studies
that found a positive association between degree of urbanization
and biking for transportation.’ However, although the population
density is low and many people live scattered over a wide area in
Sogn & Fjordane, many people live in small urban areas, which
enables active transport. The association observed between
public transport for commuting and MVPA in Sogn & Fjordane
but not in the rest of Norway could possibly be explained by
public transport patterns and availability. Compared with more
urban areas, the public transport system in Sogn & Fjordane is
poorly developed, which may explain why only 1.6% of the
population used public transport for commuting. Furthermore,
people who used public transport in Sogn & Fjordane were less
physically active compared with those who used motorized
transportation, whereas the opposite was observed in the rest of
Norway. In Sogn & Fjordane, highly educated people may have
to commute to other municipalities for work. Most likely owing
to the poorly developed public transport system, these people
used motorized transport. Considering the well-established
association between education level and leisure time PA,>3"
this may explain the difference in association between public
transport and MVPA in Sogn & Fjordane and the rest of Norway.
However, when interpreting these results, the small proportion of
participants who reported using public transport should be
considered.

Even though we cannot categorize Sogn & Fjordane as rural
and the rest of Norway as urban, location of residence as a
correlate for PA may be supported by studies suggesting that
people living in less urbanized areas in Europe tend to be more
physically active.® In addition, the presence of hills in a neigh-
borhood and enjoyable scenery have been found to be associ-
ated with more activity,” although a possible negative
association has been suggested for biking for transport and
hilliness.> Community environment, walkability, and degree of
urbanization have all been suggested as being related to PA;
however, they have all been shown to be unrelated to recre-
ational PA.* The county of Sogn & Fjordane has higher levels of
PA but lower environmental scores compared with the rest of
Norway. Except for the fact that a higher proportion of the
population in Sogn & Fjordane used active transport for com-
muting, we do not know if there were any significant differences
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in the types of PA they engaged in. However, there are most
likely other explanations for the significantly higher PA levels
in Sogn & Fjordane that we did not discover.

Our findings confirm previous suggestions that the built
environment has a modest yet significant association with PA.'*
However, the contribution of these potential changes to com-
munity participation may be great because favorable modifica-
tions to community settings may produce small changes in the
behaviors of entire populations. Therefore, identifying environ-
ments that produce positive changes in PA are important.

Strengths of our study include the use of a large, nationwide,
population-based sample within a narrow age range. Addition-
ally, the objective assessment of PA provides more detailed
information of total PA and time spent in MVPA and is less
prone to bias from misreporting or social desirability compared
with self-reported PA.**

However, a number of limitations need to be taken into
account when interpreting the results. First, with the cross-
sectional design, we cannot state any causal relationships based
on our data. Furthermore, the response rate might be considered
low, which increases the risk for selection bias.** However,
analyses of the nonresponses for part of the sample found
prevalence rates of overweight or obese and other non-
communicable diseases similar to other national estimates.?’
Therefore, we believe that the results of this study have a
general validity that corresponds to the results from similar
studies. The correlates included in our models explained a small
proportion of the variance in total PA (14.8%) and MVPA
(15.7%). Self-reported exposure variables may be prone to
measurement errors, which may attenuate any observed
associations.’” People’s perceptions of their environments may
be more influenced by their behavior than their actual or objec-
tive environments.*** For walkability, an objective Walk Score*
can be obtained online; however, the scores are not yet sup-
ported in Norway (Jacobson, A., Walk Score, personal e-mail
communication). Self-reported measures of the built environ-
ment customized to Norwegian conditions and culture are also
scarce. Because inter-continental differences in the relationship
between physical environment and PA have been identified,’ the
use of scales that were adapted for other countries and conti-
nents may have biased our data. For example, questions about
traffic lights and safety may be irrelevant for parts of the popu-
lation, whereas more questions about access to mountain and
recreational areas would have been appropriate. Therefore, vali-
dated subjective and objective measures of Norwegian built
environments are needed in future research. Finally, limitations
associated with measuring PA by accelerometry should be
acknowledged. For example, accelerometry has known limita-
tions in assessing PA during specific types of activities, and data
reduction challenges do exist.*’

5. Conclusion

Total PA and MVPA levels were partly associated with built
environment factors such as location of residence, perceptions
of community, walkability, and active transport. Geographic
differences in the PA correlates were observed for community
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perception and public transport, and thus, locally customized
environmental population approaches aimed at increasing PA
levels may be essential complements to individual behavior and
lifestyle strategies.
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