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ABSTRACT ARTICLE HISTORY

We studied how the quantity and quality of residential green spaces Received 4 January 2024
and distance to different types of blue spaces are associated with the Accepted 29 October
accelerometer-measured physical activity (PA) among adults with dif- 2024

.

ferent levels of total daily PA. The associations of the participants KEYWORDS

socio-demographic and personal characteristics and environmental Accelerometer-measured
features with light PA (LPA) and moderate-to-vigorous PA (MVPA) physical activity;
were analyzed using linear mixed models (n=5470). The results indi- biodiversity; blue space;

cated that greater residential forest area was associated with higher ~ cohort study; forest
LPA among those with high level of total daily PA and with less MVPA ~ characteristics
among those with low level of total daily PA. Environments with high

tree stand structure diversity or close to sea were associated with

higher MVPA in high PA group. Varied natural environment can

encourage leisure time activities in nearby nature, but individuals’ per-

sonal and socioeconomic variables seemed to be more strongly asso-

ciated with LPA and MVPA than environmental characteristics.

Introduction

The level of urbanization has been increasing globally and more than half of the
world’s population already lives in urban areas (United Nations, Department of
Economic and Social Affairs, Population Division, 2019). There are concerns that due
to the increasing urbanization, people are getting distant from nature (Fuller et al.,
2007; Wilson, 1984), and natural environments have diminished and become frag-
mented. Green spaces have been shown to mitigate air and noise pollution and heat,
and they also provide a setting for esthetic, spiritual, educational, and recreational
values (Millennium Ecosystem Assessment, 2005).
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There is growing evidence of the beneficial impacts of natural environments on
human health and well-being (e.g., Bowler et al., 2010; Fong et al., 2018; Gascon et al,,
2017; Houlden et al., 2021; James et al., 2015). Residential greenness is associated with
improvements in both physical (Pereira et al., 2012; Vienneau et al., 2017) and psy-
chological well-being (e.g., James et al., 2015; McEachan et al., 2016). Moreover, visits
to green spaces have proven benefits for mental health (e.g., Simkin et al., 2020; White
et al., 2013). Also, greater exposure to outdoor blue spaces (lakes, rivers, sea, etc.) has
been positively associated with mental health and physical activity (Gascon et al., 2017).

Almost a third of the world’s adults do not meet the global recommendation for
physical activity (PA) (WHO, 2022). Behavioral and environmental factors, such as
rapid urbanization and the use of motorized transportation, have most likely affected
PA. Leisure-time PA has increased in high-income countries, whereas occupational PA
has decreased (Hallal et al.,, 2012). PA reduces, e.g., the rates of all-cause mortality,
coronary heart disease, high blood pressure, type-2 diabetes, and depression (Lee et al.,
2012), and improves, e.g., cardiometabolic health (Farrahi et al., 2021), bone health,
cognitive function, cardiorespiratory and muscular fitness (Lee et al.,, 2012).

Due to the global decrease in PA at the population level, the role of green spaces
and blue spaces in promoting PA has attracted increasing interest over the last few
decades. Green spaces and blue spaces provide a setting for PA (e.g., Gascon et al.,
2017; Markevych et al., 2017; Neuvonen et al., 2019), and easy access to natural envi-
ronments promotes overall and leisure time PA (Astell-Burt et al., 2014; Dewulf et al,,
2016; Kaczynski et al., 2009; Kemperman & Timmermans, 2008; McMorris et al., 2015;
Pyky et al.,, 2019). Furthermore, exercising in green spaces (i.e., green exercise) has
been proposed to have additional health benefits over indoor exercise (e.g., Bowler
et al., 2010; Thompson Coon et al., 2011).

So far, most studies investigating the relationship between greenness and PA have
focused on moderate-to-vigorous physical activity (MVPA) (Astell-Burt et al., 2014;
Smith et al., 2019), whereas light PA (LPA) has received negligible attention (Dewulf
et al., 2016; Markevych et al,, 2016; Puhakka et al., 2020). The previous PA recom-
mendations highlighted the importance of MVPA for health, while the latest global,
American and Finnish PA recommendations suggest that considerable health benefits
can be derived from fairly low PA volumes (UKK Institute, 2019; U.S. Department of
Health and Human Services, 2018; WHO, 2022), which is also supported by many
previous studies (Riou et al., 2014; Saint-Maurice et al., 2018; Warburton & Bredin,
2017). Therefore, LPA, such as light household tasks, and leisure time activities (yard
work and light effort walking and cycling) can play an important role in improving
and maintaining health (Farrahi et al., 2021). In addition, the possible impacts of the
quantity and quality of green areas can differ between individuals with different leisure
time activity levels, and green areas may be important for engaging in PA for those
with low levels of leisure time PA (Pyky et al.,, 2019).

Although presence and accessibility are important in promoting the use of green
spaces and blue spaces for PA, the quality of the natural environment is also essential
(Bjork et al., 2008; Giles-Corti et al., 2005; Markevych et al., 2017; Neuvonen et al.,
2019). For instance, the bigger size and the attractiveness of public open spaces have
been found to be related to higher engagement in walking activity (Giles-Corti et al.,
2005). In Sweden, Bjork et al. (2008) found that recreational values of the nearby
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natural environment (serene, wild, lush, spacious, and culture) were positively associated
with physical activity and neighborhood satisfaction. In a study conducted in Finland,
the respondents valued the provisions of recreational and sports facilities, beautiful
scenery, and possibilities to experience nature and silence in the green spaces used
for green exercise and outdoor recreation (Neuvonen et al., 2019). Also, tree cover
has been associated with the preference for green space (Shanahan et al., 2015, 2016),
and forest environments characterized by openness, light, and a pleasant view are
preferred (Sonntag-Ostrém et al., 2014). People also tend to prefer the presence of
blue spaces in landscapes, and thus sceneries including seas, rivers, or lakes can
encourage people to visit, walk and exercise (Karusisi et al., 2012). Biodiversity, the
variety and variability among living organisms, including diversity within species,
between species, and in ecosystems (CBD Secretariat, 2010), makes an essential con-
tribution to the quality of green environments, as diverse ecosystems can provide a
greater variety of ecosystem services and are more resistant to disturbances (Aerts
et al., 2018). Biodiverse natural forest normally includes trees of different species and
ages, variation in tree cover and size (tree stand structure diversity from here on),
and thus also variation in openness and light, providing diverse microhabitats for
several other species. There is already evidence of positive associations between bio-
diversity and psychological and physical well-being and the regulation of the immune
system (Aerts et al., 2018; Fuller et al., 2007; Houlden et al., 2021; Lovell et al., 2014),
though there are inconsistencies too (Aerts et al.,, 2018; Dallimer et al., 2012; Houlden
et al., 2021).

However, the studies on the association between biodiversity and PA are nearly
missing. de Jong et al. (2012) found that the perceived availability of an environment
considered rich in species within 5-10km walking distance from home is positively
associated with PA. In Finland, higher habitat diversity within natural areas near home
was found to correlate with higher PA among older people with no walking difficulties
and the presence of water with higher PA among those with walking difficulties (Keskinen
et al., 2018). However, to the best of our knowledge, no studies have specifically focused
on investigating the association between biodiversity and LPA and MVPA in residential
areas. Additionally, as differences in the importance of green areas for leisure time PA
among people with different leisure time activity levels have been suggested (Pyky et al.,
2019), people with different levels of total activity should be studied as well.

This study aimed to bridge these knowledge gaps by exploring the role of biodi-
versity and forest characteristics on both LPA and MVPA. In addition, we study
whether the different types of blue spaces, i.e., lakes, rivers, sea, are associated with
LPA and MVPA. More specifically, we aimed to investigate: (1) the associations of
biodiversity, forest characteristics and distance to different types of blue spaces to
accelerometer-measured LPA and MVPA and (2) whether the possible association
varies between individuals with different levels of total PA. We hypothesize that bio-
diversity and diverse habitats and blue spaces near home can provide variability in
scenery, ecosystem services, and possibilities for positive nature experiences that may
promote everyday and leisure time physical activity. This might be seen especially
among those with low levels of total daily PA, for whom the attractiveness of green
and blue areas may be more important motivators for outdoor physical activity than
for physically active people motivated to regular exercise regardless of the environment.
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Methods

Data on PA, background, and personal factors were derived from the Northern Finland
Birth Cohort 1966 (NFBC1966) which is a longitudinal research program that aims
to promote the health and well-being of the Finnish population (University of Oulu,
1966). Northern Finland Birth Cohort 1966 comprised all individuals born in 1966
(12,058 live births) in the two northernmost provinces of Finland (Nordstrém et al.,
2022). The majority of the cohort members still live in Northern Finland, but a large
number of cohort members have since migrated within Finland (Figure 1), and the
most migration outside of Northern Finland has been to the Helsinki metropolitan
area. Participants in the NFBC1966 cohort have been followed regularly since their
birth through health care records, clinical examinations, and questionnaires. In this
cross-sectional study, we used the data from the most recent follow-up, which was
conducted when the participants were on average 46years old in 2012-2014. The study
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Figure 1. Maps presenting (a) the distribution of the Northern Finland Birth cohort 1966 members in
2012 in Finland and the location of Oulu region with densest population of cohort members, (b) the
distribution of high diversity forests in Oulu region (Source: High biodiversity value forests 2018
(Zonation) nationwide-data, Finnish Environment Institute), (c) the distribution of CORINE land cover
classes at level 4, each color presenting different land cover classes (classes not presented in legend
due their large number, 49, in dataset) in Oulu region (Source: Finnish national CORINE Land Cover
2012 data. Finnish Environment Institute), and (d) the distribution of forests of different age in urban,
peri-urban and rural areas in Oulu region (Source: the Multi-Source National Forest Inventory database
2013, Natural Resources Institute Finland; the Monitoring System of Spatial Structure and Urban Form
Urban-rural classification 2010. Finnish Environment Institute).
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was approved by the Ethical Committee of the Northern Ostrobothnia Hospital District
in Oulu, Finland (94/2011), and it was performed in accordance with the ethical
guidelines set for by the Declaration of Helsinki. The subjects provided written consent
for the study. Personal identity information was encrypted and replaced with identi-
fication codes to provide pseudonymized data for research.

Questionnaire and clinical examination

From 2012 to 2014, all the cohort participants with known addresses were sent a
postal questionnaire that included items on health, health behaviors, subjective
well-being, life satisfaction, happiness, socio-demographic and socioeconomic charac-
teristics, and an invitation to a clinical examination. Of all the approached participants,
6851 (67%) responded. A total of 5852 individuals participated in the clinical exam-
inations, where trained nurses measured their weight, height, and waist circumference.
All the variables concerning cohort individuals and the variable descriptions that were
used in the final models are presented in Supplementary Material Table S1).

Physical activity measurement

PA was measured using a waterproof uniaxial wrist-worn activity monitor, Polar Active
(Polar Electro Oy, Kempele, Finland). After the clinical examinations, the participants
were asked to wear a blinded monitor on the wrist of their non-dominant hand for
24h over a two-week period. The Polar Active monitor calculates daily PA based on
estimated metabolic equivalent (MET) values for every half minute (Hautala et al.,
2012), and it has been shown to correlate with the double-labeled water technique,
assessing energy expenditure during exercise training and in daily-living (correlation
coefficients 0.86 and 0.88, respectively) (Kinnunen et al., 2012, 2019). The daily average
duration spent on different activity levels (min/day) was calculated for the participants
that had at least four valid days, i.e., monitoring time at least 600 min/day (Husu et al.,
2014; Niemeld et al., 2019). PA of the participants was expressed as the total daily
average MET minutes spent in LPA (light physical activity, 2-3.49 METs) and MVPA
(moderate to very vigorous physical activity, 3.5 MET). MET minutes were calculated
by multiplying each MET value by its duration (30s).

Environmental variables

Several variables describing the built and natural environment were measured from the
1-km buffers created around each participant’s home (coordinates) where the participant
had lived during the PA measurement (see Table S1). We calculated variables that
described the quantity and quality of the green space. Three variables were calculated
from the Corine Land Cover 2012 dataset to describe habitat diversity: (1) the number
of all habitat types, including built areas (Land Cover Diversity), (2) the number of
green habitat types, including man-made green areas, such as agricultural and sport
areas (Green area Diversity), and (3) the number of natural green habitat types (Natural
Habitat Diversity). Another variable describing the variability of natural habitat types,
including forest, wetland, and other sparsely wooded areas (Forest-Wetland Diversity),
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was calculated using the Finnish Multi-Source National Forest Inventory (MS-NFI)
database (2013). The nationwide data from High Biodiversity Value Forests 2018
(Zonation) were used to calculate a variable indicating the biodiversity value of forests
(High Diversity Forest). The calculated variable describes the area of high biodiversity
value forest in the buffer when the top 40% of the forest with high biodiversity values
is considered. We calculated two variables describing the quantity of forests, other
(Forest Area I) using Corine Land Cover 2012 data and another (Forest Area II) using
MS-NFI data. The following variables were calculated using MS-NFI data to describe
forest quality: (1) variation in tree cover and size (Tree Stand Structure Diversity), (2)
amount of deciduous trees (Deciduous Trees), and (3) mean age of forests (Forest Age).
The Corine Land Cover 2012 dataset (resolution 20 x20m) was provided by the Open
Spatial datasets of the Finnish Environment Institute (SYKE). The Finnish Multi-Source
National Forest Inventory (MS-NFI) database from the year 2013 (resolution 16 x 16 m)
was provided by the open spatial datasets of Natural Resources Institute Finland
(Tomppo et al., 2008). Nationwide data from High Biodiversity Value Forests 2018
(Zonation) (resolution 96 x96m) were provided by SYKE (Mikkonen et al., 2018).

Other variables calculated to describe the features of the natural environment were
distance to different blue spaces, i.e., the nearest river, lake (including ponds), and
seashore. Data for waterbodies were derived from the topographic database of the
National Land Survey of Finland. We also calculated the distance to the nature pro-
tection areas, as they are often popular destinations for outdoor recreation. Spatial
data on protected areas was derived from open spatial datasets of SYKE.

For variables describing the services and infrastructure in the residential area, we
calculated the road distance to the closest shop and length of the cycle ways. These
were calculated using the Monitoring System of Spatial Structure and Urban Form
(YKR) datasets provided by SYKE, and the Digiroad dataset by the Finnish Transport
Infrastructure Agency.

The area of green spaces as well as the extent of services and infrastructure, e.g.,
cycle ways and distance to the shop, which can affect outdoor PA, can vary along the
urban-rural gradient. Thus, each participant’s home address was classified to be located
in an urban, peri-urban, or rural area based on the SYKE’s YKR urban-rural classifi-
cation data (2010) with a resolution of 250 x 250 m.

Spatial analyses were carried out using ESRI ArcGIS for desktop software version
10.5.1. and ArcGIS Pro 2.1 (ESRI, 2001). Examples of the distribution of the used
environmental variables are shown in Figure 1.

Statistical analyses

A total of 5470 individuals, having data on clinical measurements, questionnaires, PA
measurement, and the environment were included in the analyses. A principal com-
ponent analysis (PCA) was carried out to investigate the relationship between biodi-
versity and forest variables and to reduce the number of variables included in the
final statistical analyses (see Table S2). The Kaiser-Meyer-Olkin (KMO) index was
used to measure the sampling adequacy (MSA) of the used set of data (KMO function,
psych package; Revelle, 2018). The overall MSA for the set of variables and for each
variable separately should be higher than 0.5 to be adequate for the following analyses.
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The PCA with four components was conducted to select the most important compo-
nents and the variables that best explain the chosen components (principal function,
psych package; Revelle, 2018). The varimax rotation that maximizes the variance of
the components fitted best for the analyses. The variables that had the highest loadings
in the first three components of each PCA were included in the final statistical anal-
yses, except for the forest age, which was included, as it describes rather the quality
of the forest in terms of biodiversity than solely the area of forest cover.

As the associations of the quantity and quality of green and blue spaces with phys-
ical activity may differ among individuals with different levels of physical activity
(Pyky et al., 2019), we divided the participants into three PA groups based on the
accelerometer-measured total activity: Low PA (lowest quartile, <867.5 MET-minutes),
Moderate PA (second and third quartile, 2867.5 and <1271.3 MET minutes) and High
PA (highest quartile, 21271.3 MET minutes). Differences in the participants’ individual
and socio-demographic characteristics between different PA groups were analyzed using
chi-squared tests for categorical variables and ANOVA for continuous variables. The
normality and homogeneity of the ANOVA model residuals were checked using diag-
nostic plots, and necessary transformations were made to fit the demands. Multiple
comparisons between the groups were analyzed by dunn.test (dunn.test package, Dinno,
2017) or TukeyHSD functions (stats package, R Core Team, 2018).

The associations of participants’ individual, socio-demographic, residential environ-
mental features, and PA groups on LPA to MVPA were analyzed simultaneously using
linear mixed models (Ime4 package, Bates et al., 2015). As the preliminary analyses testing
the interactions between the different PA groups and environmental variables showed
multicollinearity (results not shown), we decided to study the association of environmental
variables to LPA and MVPA separately in groups with different physical activity levels.
Furthermore, the urban-rural variable was a significant factor in the analyses, and its
impact on the results was accounted for by using it as a random factor in the models.
Thus, the models took into account the fact that a participant lived either in urban,
peri-urban, or rural areas and analyzed the impacts of other variables of the model
within each group. The continuous variables were analyzed using linear models with
Gaussian error distribution (Imer with restricted maximum likelihood). The normality
and homogeneity of the model residuals were checked using diagnostic plots. Necessary
transformations were made to fit the model demands. An analysis of the variance table
of type-3 errors was produced for the Imer models using the Satterthwaite approximation
for degrees of freedom (ImerTest package, Kuznetsova et al., 2017). The estimated impact
of each factor was considered statistically significant (p<0.05) when the absolute value
of the t-score in the mixed models was >2 (Crawley, 2007). The t-scores were obtained
by dividing the model parameter estimates (coefficients) by the standard errors of the
model. All statistical analyses were performed using R 3.6.0 (R Core Team, 2018).

Results
Characteristics of participants and their residential areas

The characteristics of the study participants are presented in Table 1. More than half
(56%) were females, fifth (20%) were single, 76% were couple and 4% did not disclose
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Table 1. Characteristics of the participants according to their total daily physical activity (PA) level.

Moderate PA High PA
Variable All (n=5470) Low PA (n=1370) (n=2733) (n=1367) p
Socio-demographic and personal factors
Gender, N (%) <0.001
Female 3062 (56.0) 807 (58.9) 1571 (57.5) 684 (50.0)
Male 2408 (44.0) 563 (41.1) 1162 (42.5) 683 (50.0)
Marital status, N (%) <0.001
Single 1089 (19.9) 336 (25.8) 509 (19.5) 244 (18.7)
Couple 4138 (75.6) 968 (74.2) 2107 (80.5) 1063 (81.3)
Minors at home (vs.
no), N (%)
Age from 0 to 6years 676 (12.4) 117 (8.5) 341 (12.5) 218 (15.9) <0.001
Household income, 72.1 (29.8) 68.5 (90.7)b 78.3 (413)a 63.4 (53.9)b <0.001
mean k€ (SD)
Dogs (vs. no), N (%) 1940 (35.5) 413 (30.1) 974 (35.6) 553 (40.5) <0.001
BMI, mean kg/m? 26.8 (4.85) 28.3 (5.64)a 26.6 (4.63)b 25.7 (3.98)c <0.001
(SD)!
Smoking, N (%) <0.001
Non-smoker 2808 (51.3) 683 (49.9) 1381 (50.5) 744 (54.4)
Former 1404 (25.7) 323 (23.6) 721 (26.4) 360 (26.3)
Current 972 (17.8) 285 (20.8) 493 (18.0) 194 (14.2)
Diagnoses impacting 3597 (65.8) 960 (70.1) 1772 (64.8) 865 (63.3) <0.001

physical activity
(vs. no), N (%)

Perceived life 3/3.12 (0.57) 4/3.08 (0.59)b 4/3.14 (0.56)a 4/3.12 (0.56)a 0.010
satisfaction,
median/mean (SD)

High perceived life 4744 (86.7) 1156 (84.4) 2390 (87.4) 1198 (87.6)
satisfaction, N (%)

Perceived happiness, 3/2.99 (0.48) 3/2.95 (0.52)b 3/3.00 (0.47)a 3/3.02 (0.46)a <0.001
median/mean (SD)

High perceived 4873 (89.1) 1181 (86.2) 2453 (89.8) 1239 (90.6)
happiness, N (%)

Measured daily light 720 (194) 515 (98)c 721 (122)b 920 (169)a <0.001
PA MET-min, mean
(SD)?

Measured daily MVPA 390 (209) 197 (85)c 343 (117)b 598 (239)a <0.001
MET-min, mean
(SD)?

The values are numbers of participants (N) and proportions (%), median or mean and standard deviation (SD). The
significant differences (p <0.05; chi-squared test or ANOVA) are presented by bolding the proportion that is larger
than expected proportion, using italics when the proportion is smaller than expected proportion, or using letters to
show the order of the groups (letter [a] is given to the group with highest value). 'BMI: Body Mass Index. 2Light PA:
light physical activity, 2-3.49 metabolic equivalent (MET). 3MVPA: moderate-to-vigorous physical activity, > 3.5 met-
abolic equivalent (MET).

their marital status. Approximately tenth (12%) of the participants had children aged
below 7years old at home. Most of the participants reported being satisfied with their
lives (86.7%) and happy (89.1%).

Compared to the Moderate PA and High PA groups, participants in the Low PA
group were more likely to be single, have higher BMI, and be diagnosed with condi-
tions/diseases that can affect the level of PA, be current smokers, and less likely to
have young children and dogs. In the High PA groups, more of the participants were
males, had young children and dogs, and were less likely to be current smokers com-
pared to the Low and Moderate PA groups.

The environmental factors in participants’ residential areas are presented in Table
2. Almost half of the study population lived in urban areas, nearly 30% in peri-urban
areas and the remaining 22% lived in rural areas. There were fewer participants in
the Low PA group living in rural areas and more in urban areas compared to the
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Table 2. Residential environmental features of the participants according to their physical activity
(PA) level.

Low PA Moderate PA High PA
Variable All (n=5470) (n=1370) (n=2733) (n=1367) p
Living area, N (%) <0.001
Rural 1579 (28.9) 333 (24.3) 736 (26.9) 510 (37.3)
Peri-urban 1209 (22.1) 286 (20.9) 633 (23.2) 290 (21.2)
Urban 2682 (49.0) 751 (54.8) 1364 (49.9) 567 (41.5)
Biodiversity and forest variables
Land cover diversity (SD) 18.9 (3.02) 18.9 (3.05) 18.9 (9.03) 18.9 (2.99) 0.931
Green area diversity, mean 11.8 (2.9) 11.6 2.9)b 11.7 2.8)b 12.0 (2.8)a 0,005
(SD)!
Natural habitat diversity, 10.1 (2.6) 10.0 (2.7) 10.0 (2.6) 10.2 (2.6) 0,128
mean (SD)
Forest-wetland diversity, 10.8 (1.8) 10.7 (1.8)b 10.9 (1.7)a 10.9 (1.7)a 0,005
mean (SD)
High diversity forest 63.8 (70.1) 63.1 (68.3) 64.7 (71.1) 62.6 (70.0) 0,725
Forest area |, mean, ha 99.3 (52.3) 95.6 (51.5)b 97.4 (51.1)b 106 (54.9)a <0.001
(SD)!
Forest area Il, ha (SD) 119 (62.4) 114 (61.5)b 117 (60.5)b 128 (65.9)a <0.001
Tree stand structure 257 (68.6) 257 (69.1) 259 (69.5) 255 (66.2) 0,220
diversity, mean (SD)
Deciduous trees, mean, m? 27.5 (14.9) 27.7 (15.5) 27.7 (14.8) 26.9 (14.2) 0,278
(SD)?
Forest age, mean age of 52.1 (13.3) 51.5 (13.1)b 51.8 (13.0)b 53.1 (14.1)a 0,004
trees (SD)?
Distance to blue space and protected area
Distance to river, mean, km 1.28 (1.35) 1.31 (1.51) 1.28 (1.34) 1.27 (1.19) 0,728
(5D)
Distance to lake, mean, km 1.20 (1.03) 1.18 (1.01) 1.22 (1.03) 1.20 (1.08) 0,665
(5D)
Distance to sea, mean, km 58.2 (73.6) 53.8 (71.9)c 57.6 (73.2)b 63.8 (75.8)a <0.001
(5D)
Distance to protection area, 3.16 (2.38) 2.98 (2.26)c 3.15 (2.38)b 3.37 (2.49)a <0.001
mean, km (SD)’
Built environment factors
Cycleways length, mean, 11.3 (10.3) 12.4 (10.6)a 11.5 (10.2)b 9.5 (10.0)c <0.001
km (SD)?
Distance to supermarket, 3.12 (5.45) 2.66 (4.92)c 2.96 (5.17)b 3.90 (6.34)a <0.001

mean, km (SD)?

The values are numbers of participants (N) and proportions (%), median or mean and standard deviation (SD). The
significant differences (p <0.05; chi-squared test or ANOVA) are presented by bolding the proportion that is larger
than expected proportion, using italics when the proportion is smaller than expected proportion, or using letters to
show the order of the groups (letter [a] is given to the group with highest value).

Square root transformation used.

2Logarithmic transformation used.

3Cubic root transform.

Moderate PA and High PA groups. Among the High PA group, there were more par-
ticipants living in the rural environment and fewer in urban areas, compared to the
Low and Moderate PA groups. Participants in the Low PA group lived closer to sea
and protected areas more often, had more cycleways in residential areas, and had a
shorter distance to the supermarket compared to the Moderate and High PA groups.
The participants in the High PA group were more likely to live in environments that
had a greater proportion of forested area, older forests, greater stand volume of trees,
i.e., larger and/or older trees, and had a higher habitat diversity of green environments
(both Corine and NFI) than participants in Low and Moderate PA groups. In addition,
they mostly lived in environments that were situated further from sea, protected areas,
and supermarkets and had fewer cycleways.
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Factors associated with LPA and MVPA among groups with different PA levels

Both LPA (Table 3a) and MVPA (Table 3b) were mainly associated with the partici-
pant’s socio-demographic and personal factors. The strength and direction of the
relationship between different environmental features, socio-demographic and personal
factors, and LPA and MVPA varied between different activity groups.

The tree stand structure diversity—measuring diversity in the number and size of
trees had a positive association with MVPA (Table 3a) among individuals in moderate
total PA group, and a negative association with LPA in moderate total PA and high
total PA groups (Table 3b). The residential forest area was negatively associated with

Table 3. Associations between socio-demographic, personal and residential environmental factors, and
(a) light (LPA) and (b) moderate-to-vigorous physical activity (MVPA) among 46years old participants
(N=5470) with different PA level (low, moderate, high) according to linear mixed models (Imer).

Low (n=1007) Moderate (n=2020) High (n=983)
Level of total PA Est (95% Cl) t-Value Est (95% Cl) t-Value Est (95% Cl) t-Value
(a) LPA
Socio-demographic and personal factors
Gender female 45.4 (33.5- 7.49 67.1 (56.7- 12.7 72.2 (51.7- 6.90
(vs. male) 57.2) 77.5) 92.7)
Marital status -20.1 (-35.1to -2.63 -31.2 (-453to -435 -473 (-757to -3.26
single (vs. -5.12) -17.1) -18.9)
couple)
Minors under 7 15.0 (2.38- 2.33 32.6 (22.7- 6.47 41.9 (23.2- 4.39
yrs-old (vs. no) 27.6) 42.5) 60.6)
Income -21.7 (-83.7-40.2) -069 -0.12 (-0.19to -3.26 -0.42 (-0.61to -4.32
-0.05) -0.23)
Dog owner 375 (-8.89-16.4) 0.58 -8.69 (-19.4-2.06) -1.58 21.0 (-0.27-42.3) 1.94
(vs. no)
BMI -0.82 (-1.89-0.24) -1.51 1.01  (-0.16-2.18) 1.70 2.29 (-0.33-4.9) 1.71
Former smoker 1.1 (-2.95-25.2) 1.55 12.8 (1.04- 2.14 469 (-18.4-27.8) 0.40
(vs. 24.5)
non-smoker)
Current smoker 12.7  (-2.59-27.9) 1.63 27.6 (13.8- 3.92 213 (-8.31-50.9) 1.41
(vs. 41.4)
non-smoker)
Current smoker 1.55 (-15.7-18.8) 0.18 149 (-0.39-30.1) 1.91 16.6  (—15.5-48.7) 1.01
(vs. former
smoker)
Disease diagnoses 2.70  (-10.2-15.6) 0.41 430 (-6.49-15.1) 0.78 -184  (—40-3.16) -1.67
Satisfaction 1.79 (-8.66-12.2) 0.34 -1.34 (-10.9-8.24) -0.28 -0.99 (-20.1-18.1) -0.10
Happiness 568 (—6.25-17.6) 0.93 8.54 (-2.86-19.9) 1.47 154 (-7.55-38.3) 1.32
Biodiversity and forest
Land cover -0.74 (-2.88-1.41) -0.67 -0.68 (-2.52-1.17) -0.72 -2.14 (-5.98-1.7) -1.09
diversity
Forest area | -0.11 (-0.27-0.05) -1.34 0.07 (-0.07-0.2) 1.01 0.32 (0.07- 2.47
0.58)
Forest age 042 (-0.12-0.95) 1.54 -0.2 (-0.67-0.28) -0.80 -0.69 (-1.61-0.22) -1.48
Tree stand 0.04 (-0.06-0.14) 0.74 -0.17 (-0.26to -3.69 -0.19 (-0.37-0) -1.99
structure -0.08)
diversity
Accessibility
Distance to river -2.62 (-6.30-1.06) —1.40 141  (-2.39-5.21) 0.73 -5.65 (-14.5-3.17) -1.26
Distance to lake -573 (-12.1-0.59) -1.78 -1.63 (-7.06-3.8) —0.59 048 (-10.2-11.1) 0.09
Distance to sea -0.07 (-0.17-0.03) -1.41 0.07 (-0.02-0.15) 1.51 0.18 (0.01- 2,13
0.35)

(Continued)
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Low (n=1007) Moderate (n=2020) High (n=983)
Level of total PA Est (95% Cl) t-Value Est (95% Cl) t-Value Est (95% Cl) t-Value
(a) LPA
Distance to 157 (-1.24-438) 1.08 152  (-0.97-4.01) 1.20 -2.50 (-7.12-2.12) -1.06
protection area
Cycleways length  -0.92 (-1.73 to -2.22 0.09 (-0.65-0.83) 0.24 -0.66 (-2.09-0.79) -0.89
-0.11)
Distance to 1.47 (0.05- 2.03 1.81 (0.6-3.02) 2.93 0.86 (-1.06-2.77) 0.88
supermarket 2.89)
(b) MVPA
Socio-demographic and personal factors
Gender female -37.0 (-470to -7.21 -75.7 (-856to -15.0 -137 (-167to -9.18
(vs. male) -26.9) -65.9) -108)
Marital status -330 (-16.0-9.38) -0.51 23.1 (9.74- 3.39 148 (-25.8-55.4) 0.72
single (vs. 36.5)
couple)
Minors under 7 -4.73 (-15.4-596) -087 -27.1 (-36.5to0 -5.65 -252 (-51.9-149) -1.85
yrs-old (vs. no) -17.7)
Income 4211 (-10.4-94.6) 1.57 0.04 (-0.03-0.11) 1.15 0.05 (-0.22-0.32) 0.37
Dog owner (vs. 14.0 (3.26- 2.56 13.0 (2.80- 2.50 -7.15 (-37.5-23.2) -0.46
no) 24.7) 23.2)
BMI -1.86 (-2.77to -4.04 -261 (-3.72to -4.62 -6.44 (-10.2to -3.38
-0.96) -1.5) -2.71)
Former smoker 145 (-10.5-134) 0.24 -121 (-23.2to -2.13 -31.2 (-64.2-1.79) -1.85
(vs. -0.97)
non-smoker)
Current smoker -36.5 (-494to -5.53 -41.5 (-546to -6.20 418 (-84.1-038) -1.94
(vs. -23.6) -28.4)
non-smoker)
Current smoker -37.9 (-525to -5.09 -294 (-439to -3.98 -10.7 (-56.5-35.2) -0.46
(vs. former -23.3) -14.9)
smoker)
Disease diagnoses —7.23 (-18.2-3.71) -1.30 -3.96 (-14.2-6.29) -0.76 893 (-21.9-39.8) 0.57
Satisfaction 736 (-1.49-16.2) 1.63 14.5 (5.44- 3.13 -32.0 (-594to -2.30
23.6) -4.71)
Happiness 12.6 (2.52- 2.45 -8.86 (-19.7-1.97) -160 -870 (—41.4-24.0) -0.52
22.7)
Biodiversity and forest
Land cover 0.28 (-1.53-2.10) 0.31 121 (-0.55-2.96) 1.35 148 (—4.01-6.96) 0.53
diversity
Forest area | -0.23 (-0.37to -3.38 -0.04 (-0.17-0.09) —0.59 0 (-0.37-0.36) —0.02
-0.10)
Forest age -0.10 (-0.55-0.35) —0.43 0.03 (-0.43-0.48) 0.12 033 (-0.98-1.64) 0.49
Tree stand 0.08 (0-0.17) 1.96 0.12 (0.03- 2,73 -0.01 (-0.27-0.25) -0.10
structure 0.20)
diversity
Accessibility
Distance to river 294 (-0.17-6.06) 1.85 -1.80 (-5.41-1.80) -098 -6.16 (-18.8-6.47) —0.96
Distance to lake 1.19  (-4.16-6.55) 0.44 0.72 (—4.44-5.87) 0.27 -9.12 (-24.4-6.14) -1.17
Distance to sea -0.02 (-0.11-0.06) -0.53 -0.02 (-0.10-0.06) -0.51 -0.32 (-0.56 to -2.59
-0.08)
Distance to -1.67 (-4.05-0.71) -138 -039 (-2.74-1.97) -0.32 5.86 (-0.83-12.5) 1.72
protection area
Cycleways length 0.08 (-0.61-0.77) 0.23 0.29 (-0.40-0.98) 0.83 1.03  (-1.25-331) 0.89
Distance to 0.27 (-0.93-1.47) 0.44 -1.13 (-2.28-0.01) -1.94 236 (—0.44-5.16) 1.65
supermarket

Est: model estimate; Cl: confidence intervals; t-value: standardized difference.
Bolded values represent significant differences (p <0.05).
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MVPA among participants with low total PA (Table 3b), but positively associated with
LPA among individuals with high total PA (Table 3a).

Distance to sea was negatively associated with LPA (Table 3a) but positively
associated with MVPA (Table 3b) in the High PA group. In the Low PA group, the
level of LPA was lower in areas with more cycleways (Table 3a). In the Low and
Moderate PA groups higher LPA was related to longer distance to supermarket
(Table 3a).

Among Low, Moderate, and High PA groups, being a female, a couple, and having
small children at home were related to a higher level of LPA (Table 3a), whereas being
a male and having lower BMI were related to a higher level of MVPA (Table 3b).

In the Low PA group the higher level of MVPA was related to owning a dog,
increased happiness, and lower prevalence of smoking (Table 3b). In the Moderate PA
group, higher LPA was related to lower income, and being former or current smoker,
whereas the level of MVPA was lower among former and current smoker and higher
among dog owners and those who were satisfied with life (Table 3b). In the High PA
group, income was negatively associated with LPA (Table 3a), and life satisfaction was
negatively associated with MVPA (Table 3b).

Discussion

In this population-based cross-sectional cohort study, our aim was to investigate how
the biodiversity, forest characteristics, and distance to blue spaces in residential area,
is associated with accelerometer-measured LPA and MVPA according to PA level in
middle aged people. We found that higher tree stand structure diversity was related
to higher level of MVPA among individuals with moderate total daily PA, whereas
the negative relationship was found with LPA in both Moderate and High PA groups.
Higher residential forest area was associated with lower amount of MVPA among the
participants with low total daily PA, and higher amount of LPA among individuals
with high total daily PA. In the High PA group, the level of LPA was lower and the
level of MVPA higher close to the sea. Compared to the socio-demographic and per-
sonal factors, the environmental features in the residential area seemed to have a
weaker association with the levels of LPA and MVPA.

According to our results, green spaces with high tree stand structure diversity in
residential areas were associated with MVPA more than LPA. As stand volume diversity
is a measure of habitat heterogeneity in terms of the number and size of trees, it
indicates not only greater habitat and species diversity but also variability in the scen-
ery, which can attract those who exercise outdoors. As the other biodiversity variables
were not associated with PA, biodiversity as such may not have such an important
role regarding PA in residential areas, but a more variable scenery may be preferred
over monotonous ones (e.g., Sitkkaméki et al., 2015; Tolvanen et al., 2020). This is not
surprising, as it has been noted that people have limited capacity to observe actual
biodiversity (Dallimer et al., 2012), whereas scenery plays an important role in increas-
ing the attractiveness of green spaces (Giles-Corti et al., 2005; Neuvonen et al., 2019).

The amount and proximity of green spaces as well as the provision of recreational
facilities (e.g., Giles-Corti et al., 2005; Neuvonen et al., 2019; Pyky et al., 2019) have
been shown to be more important than biodiversity for promoting leisure time PA in
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residential areas. In Finland, Neuvonen et al. (2019) found that beautiful scenery,
accessibility, and provision of good recreational facilities were most often mentioned
as important qualities for the green spaces used for outdoor recreation and green
exercise, whereas diverse animal and plant species composition were mentioned less
often. Also, previous studies have shown that people usually prefer openness and good
visibility in the forest (e.g., Sonntag—Ostrém et al., 2014; Tyrvéinen et al., 2001), and
the decaying and dead trees, typical for biodiverse environment, are found unpleasant
(Gundersen & Frivold, 2011; Tyrvdinen et al., 2001).

Earlier results on the importance of the amount of green space (Astell-Burt et al.,
2014; Dewulf et al., 2016; Kaczynski et al., 2009; Pyky et al., 2019) are supported by
our study, as residential forest area was positively associated with LPA among indi-
viduals with high total daily PA. Contrary to earlier studies (e.g., Astell-Burt et al,
2014; Dewulf et al., 2016; Smith et al., 2019), we did not find a positive association
between residential greenness and MVPA. Instead, in the Low PA group, MVPA was
negatively associated with forest area. In addition, we found no association between
natural environment features and physical activity in low PA group contradicting the
study by Pyky et al. (2019). Our findings that residential greenness is positively asso-
ciated with LPA but not with MVPA coincide with the earlier results obtained from
NEFBC 1966 about PA and residential greenness measured with Normalized Difference
Vegetation Index (NDVI) (Puhakka et al.,, 2020). Dewulf et al. (2016) also observed
that LPA was higher in greener areas among late middle-aged adults in Belgium, but
unlike our study, the results were even stronger for MVPA than LPA. In a German
study of adolescents, neighborhood greenness (NDVI) was associated with more leisure
time MVPA among females and rural dwellers, but no association between greenness
and LPA was found (Markevych et al., 2016). In Finland, both rural and urban areas
are relatively green (Kabisch et al., 2016), and the forest areas are also publicly available
to all residents, as the “Every man’ s rights” in Finland enables all residents to use
green areas for recreation. Our results may suggest that the nearby forest environments
encourage those who already are physically active to have additional light leisure time
exercise, such as walking in the forest, but for less physically active individuals, the
forest may not be the first choice for more vigorous PA.

Water elements are often preferred in the landscape and have been associated pos-
itively with PA in residential areas (Gascon et al., 2017; Karusisi et al., 2012). In our
study, living close to sea was associated with lower LPA but higher MVPA among
high PA group. Finding is in line with Karusisi et al. (2012) who found that the
probability of jogging within a residential neighborhood increased with areas including
water bodies. However, Pyky et al. (2019) did not find association between distance
to water and green exercise, but in that study the type of blue spaces was not differ-
entiated. We did not find associations between the distance to other blue space types,
i.e., rivers and lakes and LPA or MVPA. The lack of appropriate infrastructure for
outdoor exercise, such as beaches, costal paths, and canal towpaths (Elliott et al., 2020),
may be one reason why we found that only seas were positively associated with PA.
Importance of sea might also be because relatively many of the cohort members live
in urban areas located on the sea coast, and MVPA among NFBC66 members have
been found to be higher in urban areas (Puhakka et al., 2020).
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Despite the increasing evidence of the positive associations of green and blue spaces
and PA, inconsistent results have also been reported (e.g., Gascon et al., 2017; Hillsdon
et al., 2006; Markevych et al., 2016). Inconsistency may be explained by the multitude
of factors affecting the health and well-being outcomes of green and blue spaces. The
possible beneficial influence of nature can be covered or modified by socio-demographic
and personal factors, such as income, employment, education, or smoking (Hartig et al.,
2014; James et al., 2015; White et al., 2013). Socio-demographic and personal factors
were most strongly associated with PA in our study. Being a female, being a couple,
and having small children were positively associated with LPA, and being male and
having a lower BMI were positively related to MVPA among all total daily PA groups.
In addition, owning a dog was positively associated with PA among Low and Moderate
PA groups, supporting the findings from earlier research (Veitch et al., 2019; Westgarth
et al., 2019). The used measures and data of PA, greenness, biodiversity, forest char-
acteristics, and blue spaces can also cause inconsistency in the results. Klompmaker
et al. (2018) determined that the association with outdoor PA was stronger for greenness
calculated using NDVT values than green space calculated from land-use data. Smith
et al. (2019) found that greenness was associated with reported but not recorded PA.

The urbanicity level of the living environment is also associated with PA levels and
should be considered in future studies. Dewulf et al. (2016) found that spending more
time in non-green areas was associated with more sedentary behavior. Our results
support their finding as more individuals with low total daily PA lived in urban areas,
whereas those with high total daily PA mostly lived in rural areas. The higher activity
levels in rural areas can be partly explained by the higher amount of yard work and
gardening needed. In addition, the proximity to green spaces in rural areas can pro-
mote leisure time physical activities, such as walking, biking, and skiing, as well as
traditional activities in rural areas, such as picking berries and mushrooms and hunting.
Then, individuals who are more active may choose their living environment accordingly
(Eid et al., 2008).

Strengths and limitations of the study and future research needs

The strengths of our study include the large representative population-based birth
cohort data including an extensive set of background and personal variables, and an
accelerometer-based PA measured over two-week period. We also had a comprehensive
set of spatial variables calculated from high-quality datasets describing the environ-
mental variables of the individuals’ residential areas.

Limitations include that we used artificially created buffers with a 1-km radius around
the participants’ homes. Though the selected 1km for buffer is commonly used, and
the greenness measured from radial buffers between 500 and 999 m around residents’
homes has been shown to predict physical health effectively, the buffers can wrongly
estimate the actual area that the residents use during PA (Browning & Lee, 2017).
Utilizing GPS tracking data to locate actual areas that individuals use for PA (e.g.,
James et al., 2015) would be a more feasible way to avoid the spatial mismatch. GPS
data with information not only on location but also on the specific activity type would
help obtain a more exact picture of the associations between PA and green spaces’
biodiversity and forest characteristics, and blue spaces. As the environmental data that
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we used had different levels of resolution ranging from 16 to 96m, that may have
caused some minor inaccurateness of the actual environmental conditions when matching
the environmental and cohort data. We also designated the cohort members to urban,
peri-urban, and rural areas, and although the classification was based on several vari-
ables describing the environment on rural-urban scale, there may be distinct variability
inside these three categories.

The cohort data and environmental data are over ten years old. It is possible that
changes in environment and people’s leisure time activity have occurred, For example,
Covid-19 pandemic may have influenced peoples’ perception and use of their close
by environment (Litleskare & Calogiuri, 2023). The possibility of repeating the study
with more recent data in the future would strengthen the feasibility of the results.
Another limitation is that we did not have variables that measured actual species
diversity, though habitat diversity can be expected to correlate with species diversity
(Dallimer et al., 2012; Fuller et al., 2007; MacArthur, 1972). We used objectively
measured variables on biodiversity and forest characteristics, but as the perceived
biodiversity and greenness can be even more important, there is a need for more
research considering both of these. Furthermore, as our study is cross-sectional, we
cannot determine the causality of the relationship. As we used a wrist-worn activity
monitor to measure PA, both the LPA and MVPA can partly be a result of work-related
activity (Puhakka et al., 2020), and the weekday and weekend activity was not dif-
ferentiated. Though accelerometers can be used to capture the total activity, it is
possible that some activity, such as swimming or cycling is not recognized by
accelerometers.

Conclusions

This study expands the knowledge of the associations between residential area green space
biodiversity, forest characteristics, distance to different blue spaces, and accelerometer-measured
LPA and MVPA. Our results show that an abundance of forests in residential areas was
associated with LPA among those who were already physically active, whereas environments
with high diversity in tree stand structure or close to sea and thus variability in scenery
were associated with MVPA. Increase in PA may be partly attributable to increase in
leisure time activities in nearby nature. However, in general, the environmental variables
had a weaker association with PA than individuals’ personal and socioeconomic charac-
teristics. As the association of biodiversity and forest characteristics with PA can also be
affected by a multitude of other factors, including accessibility and other qualities of green
and blue spaces, type of residential environment, and the methods utilized to measure
biodiversity or PA, more research involving these factors is needed. Future research should
also investigate the association between PA and biodiversity and forest characteristics at
the actual locations that individuals use for PA.
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