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Is moving to a greener or less green area followed by changes in physical activity? 

 

Abstract 

Green areas might provide an inviting setting and thereby promote physical activity. The objective of 

this study was to determine whether moving to different green area surroundings was followed by 

changes of physical activity. Data from a large population-based cohort of adults in Stockholm County 

responding to surveys in 2010 and 2014 were analysed (n=42611). Information about walking/cycling 

and exercise were self-reported and living area greenness data were satellite-derived (NDVI, 

Normalized Difference Vegetation Index). Multinomial logistic regression analyses were performed 

separately for changes in levels of walking/cycling and exercise (decrease, stable, increase). Greenness 

was defined as a change in NDVI quartile to less green, same, or greener. Odds ratio’s (OR) with 95% 

confidence intervals (CI) were presented adjusted for gender, age, education and area-based income. 

Contrary to what we hypothesized, those moving to a greener area were more likely to decrease their 

levels of walking/cycling (OR=1.42, CI=1.28-1.58), whereas those moving to a less green area were 

more likely to increase their walking/cycling (OR=1.26, CI=1.13-1.41). Exercise behaviour showed 

another pattern, with people being more likely to decrease exercise both when moving to a greener 

(OR=1.25, CI=1.22-1.38) and to a less green area (OR=1.22, CI=1.09-1.36). Studying subpopulations 

based on sociodemographic characteristics did not aid to clarify our results. This cohort study with 

repetaed measurements did not support the currently available cross-sectional studies showing a 

strong positive relation between greenness and physical activity. Nevertheless, our findings have 

shown spatial patterns related to green areas and physical activity which imply a need for place-specific 

health policies. 
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Introduction 

Insufficient physical activity remains a global pandemic and cost-effective and equitable approaches 

for promoting physical activity are thus warranted.1 Promoting physical activity at population levels 

involves planning activity friendly environments, embedding physical activity in our everyday lives, 

making the choice of being active more attractive and accessible to all individuals.2 One way to achieve 

this is through urban design and land use policies, specifically the availability of (urban) green space in 

individuals’ residential areas.3 Green space typically includes parks, playing fields, forest, and lawns.4  

 

Links between exposure to residential green areas and health outcomes and wellbeing have been 

suggested for both physical5 and mental health.6 A recent review concluded that there is a strong 

positive relation between greenness and physical activity.3 However, most studies were limited to 

cross-sectional designs and further longitudinal studies are therefore warranted.7, 8 Another limitation 

of previous research is the variety in methods for assessing green areas, which include self-reported, 

researcher-assessed, qualitative as well as quantitative and objective assessments.9, 10 One of the 

objective assessments, widely used in environmental studies, is the Normalized Difference Vegetation 

Index (NDVI) which is derived from satellite imaging.11 The objectively determined nature of NDVI, and 

the fact that it captures vegetation regardless of size or type, rather than only the land categorized as 

e.g. public parks, which is the case for land use data, makes it a solid measure of greenness that avoids 

possible bias self-reported measures are prone to.  

 

Previous studies have further indicated that relations between green areas and physical activity vary 

according to sociodemographic and socioeconomic factors. For example, cross-sectional data from a 

public health survey in Canada showed positive associations between green areas and physical activity 

in all income groups, with stronger associations among younger adults, especially women.12 Another 

study found that living near more parks and parkland showed more positive relationships with physical 

activity among women than men, and among younger (18 to 34 years) and older (55+ years) adults.13 
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Furthermore, several studies have suggested a more pronounced beneficial effect of greenness in low 

socioeconomic groups for a range of health outcomes.14-16 Evaluating whether associations are 

different for population subgroups is an intended original contribution of this study.17  

 

The objective of this study was to determine whether moving to different green area surroundings is 

followed by changes in physical activity. We hypothesised that individuals moving to a greener area 

were more likely to increase their physical activity behaviour, whereas those moving to a less green 

area were more likely to decrease their physical activity. Furthermore, we assessed whether 

associations were dependent on individual characteristics (age, gender and education) and contextual 

socio-economic characteristics (area-based income). The study aims to address the current knowledge 

gaps related to few existing studies with repeated measurements on the topic, and few studies taking 

into account population characteristics that may confound or modify the association. This research 

contributes with new insights in physical activity levels in relation to greenness exposure, which may 

be important for planning cities that are health promoting by increasing the availability and proximity 

of green areas.   

 

Methods 

Study population 

We used data from the Stockholm Public Health cohort, a large population-based cohort in Stockholm 

County, Sweden.18 In 2002, 2006 and 2010 population samples were randomly selected from Statistics 

Sweden’s Register of the total Stockholm population, after stratification according to residential 

municipality. Questionnaire-based surveys were sent out every 4 years, and based on the physical 

activity questionnaire included in the survey, data collected in 2010 and 2014 were used. Register data 

from Statistics Sweden have been linked to the self-reported information. The present study was 

approved by the Stockholm Regional Ethical Review Board (case number: 2016/749-32). 
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All participants who filled out the survey in both 2010 (baseline) and 2014 (follow-up) were included 

(n=49133) in the study. The response rate to the survey in 2014 of participants who filled out the survey 

in 2010 was 67%.18 A total of 1072 participants had incomplete physical activity data, 1694 incomplete 

area information and 3730 lived in large areas where area information was considered inaccurate. A 

further 26 participants were excluded because they reported to be confined to bed on both occasions, 

leaving an analytical sample of n=42611.  

 

Definition of variables 

Physical activity was assessed with the PAQ-questionnaire19, 20, which has shown to be valid for 

classifying individuals into physically active or inactive. Physical activity was assessed separately for 

walking/cycling and exercise (excluding what was reported for walking/cycling). Participants were 

requested to answer on their average behaviour during the past 12 months, considering the week 

variability and seasonality. There were six response categories for walking/cycling in activity per day 

(hardly ever, less than 20 minutes, 20-40 minutes, 40-60 minutes, 1-1.5 hrs and more than 2 hrs. (and 

seven response categories for exercise in activity per week (hardly ever, less than 1 hr, 1-2 hrs, 2-3 hrs, 

3-4 hrs, 4-5 hrs, more than 5 hrs). Changes from 2010 to 2014 were defined as a decrease by at least 

one category; stable; or increase by at least one category. 

 

Individual information on SAMS (Small Areas for Market Statistics)21 was used as a proxy for residential 

address because home addresses were not available due to ethical considerations. SAMS are small 

areas based on municipalities sub-divisions, created to be relatively socio-demographically 

homogeneous and have 1000-2000 inhabitants. Larger areas typically have lower population density, 

are located outside urban areas, contain more water or are industrial areas. All areas larger than 16 

km2 were excluded because of the increased insecurity of the exact location of where people were 
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living (a buffer size radius of 2 km, equals a surface of 16 km2). Out of a total of 826 SAMS areas, 713 

areas were included in the analyses. The median area size was 1.39 km2 (IQR= 0.77-2.54).  

 

Based on the geographical midpoint (centroid) of the area in which each participant lives, circular 

buffer zones were defined in order to have equally sized areas. Two buffer sizes were analysed, with a 

radius of 1 km and 2 km, selected on basis of a systematic review of the association between greenness 

within different distances from residential addresses, and physical health outcomes.22 In these buffer 

zones we determined the greenness of the area, expressed as Normalized Difference Vegetation Index 

(NDVI), which is a measure of photosynthetic activity performed by the plants. It is derived from 

satellite imaging and is available in relatively high spatial and temporal resolution. The index is based 

on the amount of visible red (RED) in relation to near infrared (NIR) radiation being reflected by the 

various earth surfaces, or absorbed by the plants, calculated using the formula NDVI=(NIR-

RED)/(NIR+RED). The NDVI ranges from -1.0 to +1.0, with higher values indicating more vegetation 

foliage. NDVI data for Stockholm County were obtained from Landsat 5 TM and Landsat 8 composite 

images during the growing season (May 1 to September 30) for the years 2005-2015 at a 30x30 m 

resolution. Because of the risk of cloud contamination and atmospheric effects resulting in 

underestimated NDVI values for particular years and locations, NDVI levels were estimated for the 

years of interest, 2010 and 2014. For each 1 and 2 km buffer area and year we calculated the average 

NDVI value, and the levels for 2010 and 2014 were estimated using robust regression. We assumed 

that the level of NDVI was stable during the follow-up time. Increasing plant growth and NDVI levels 

have been observed in northern Europe from the second half of the 20th century23-25, but the relatively 

short follow-up time in our study is unlikely to represent a significant change. Although Stockholm 

County is growing in population and in geographical extent, the majority of the population lives in 

areas with little change. We therefore assumed the land use in the study participants’ residential areas 

to be stable during the follow-up time, with little change in the amount or availability of greenness 

that would significantly affect NDVI levels in 1 and 2 km buffer areas. In the regression analysis 
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(described below), the NDVI exposure was expressed in quartiles, where participants were categorized 

as moving to a greener area when they moved between 2010 and 2014 to a SAMS area that was placed 

in a higher quartile, moving to less green when they moved to a SAMS area that was placed in a lower 

quartile, and as stable green when remaining in the same quartile  

 

We identified potential confounders likely to influence physical activity as well as the place of 

residence and hence their greenness exposure. The baseline individual characteristics that were 

considered were gender, age and education, and were registry-derived. Moreover, contextual socio-

economic status was assessed using the mean income (in SEK, Swedish krona) of the SAMS area the 

individual participant was residing in, obtained from Statistics Sweden for the year 2009.21, 24 

 

Statistical analyses 

Multinomial logistic regression analyses were performed separately for walking/cycling and exercise 

as an outcome, categorised as decrease, stable, or increase. The exposure was defined as a change in 

quartile to less green area, same quartile, or change to a greener quartile. Estimates were presented 

adjusted for gender, age, education and area-based income. The conventional level for statistical 

significance was set at P < 0.05 for all tests. 

 

Stratified analyses were performed for gender, age, education and area-based income. Age was 

stratified by median age (56 years), education into high (post-secondary education of at least one 

semester or more) vs. low (no post-secondary education), and area-based income into below or above 

the median (313597 SEK/year). When stratified analyses showed differences in ORs with non-

overlapping confidence intervals to the other point estimate, we considered that there was a 

significant difference. If no differences in results between the buffer sizes of 1 and 2 km, the results 

will only be presented for the 2 km buffer size. All statistical analyses were performed in IBM SPSS 

Statistics version 23 (IBM Corp, Armonk, NY). 
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Results 

From 2010 to 2014, 2074 (5%) participants moved to a less green area, and 2141 (5%) participants 

moved to a greener area. Walking/cycling levels at baseline were: hardly ever 6%, <20 minutes/day 

20%, 20-40 minutes/day 43%, 40-60 minutes/day 19%, 1-1.5 hrs/day 9%, and more than 2 hrs/day 4%. 

Exercise baseline levels were: hardly ever 21%, <1 hr/week 18%, 1-2 hrs/week 28%, 2-3 hrs/week 16%, 

3-4 hrs/week 8%, 4-5 hrs/week 4% and >5 hrs/week 5%. The quartiles of greenness exposure, 

expressed as NDVI, for the year 2010 were: 0.17-0.49, 0.49-0.54, 0.54-0.58, 0.58-0.70. At baseline 42% 

lived in urban areas. All baseline characteristics according to walking/cycling trajectory groups can be 

found in table 1a, and according to exercise trajectory groups in table 1b.  

 

The main results of the relation between moving to a less green or a greener area and changes in 

walking/cycling are presented in table 2a, and for exercise in table 2b. Results with NDVI within 1 km 

buffer and 2 km buffer were very similar and we will therefore from only present the 2 km buffer 

results. Compared with those remaining in the same green area quartile, those moving to a greener 

area had higher odds of decreasing their walking/cycling levels (OR=1.42; 95% CI=1.28-1.58), whereas 

those moving to a less green area had higher odds of increasing their walking/cycling levels (OR=1.26; 

95% CI=1.13-1.41). For exercise, both moving to a less green area (OR=1.22; 95% CI=1.09-1.36) and 

moving to a greener area (OR=1.25; 95% CI=1.12-1.38) were related to higher odds of decreasing 

exercise levels.  

 

Stratified analyses for walking/cycling are presented in table 3a.  The odds of increasing walking/cycling 

after moving to a greener area for women were higher (OR=1.19; 95% CI=1.02-1.38) compared to men 

(OR=0.95; 95% CI=0.80-1.13). Furthermore, the odds of decreasing walking/cycling after moving to a 

greener area for the younger half of our sample were higher (OR=1.47; 95% CI=1.31-1.65) compared 

to older persons (OR=1.19; 95% CI=0.96-1.47). Regarding education, the pattern was more ambiguous. 
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The odds of increasing walking/cycling after moving to a greener area were higher for those with high 

education, but the odds of decreasing walking/cycling after moving to a greener area for those with 

high education were also higher compared to those with low education. Stratified analyses for exercise 

are presented in table 3b, with differences only found for stratification by age. The odds for decreasing 

exercise for the younger half of the participants were both higher after moving to a greener area and 

after moving to a less green area, compared to older persons.  
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Table 1a. Characteristics for the walking-cycling trajectory groups, N= 42611 

 Walking/cycling 

 Stable Decreased Increased 

n 18604 13062 10945 

Gender, % women 58% 58% 54% 

Baseline age, mean (SD) 55 (15) 55 (16) 53 (15) 

Baseline education (% high) 51% 47% 47% 

Baseline mean (SD) area-based 
income, per 1000 SEK 

306 (80) 301 (79) 303 (80) 

 
Greenness 
(NDVI 2km) 

Stable 91% (n=16,958) 89% (n=11,662) 89% (n=9,776) 

Moved to less green 5% (n=832) 5% (n=611) 6% (n=631) 

Moved to greener 4% (n=814) 6% (n=789) 5% (n=538) 

 

 

Table 1b. Characteristics for the exercise trajectory groups, N=42224 

  Exercise  

 Stable Decreased Increased 

n 15264 13894 13066 

Gender, % women 57% 57% 58% 

Baseline age, mean (SD) 55 (15) 54 (16) 53 (15) 

Baseline education (% high) 49% 48% 51% 

Baseline mean (SD) area-based 
income, per 1000 SEK 

306 (82) 302 (81) 308 (83) 

 
Greenness 
(NDVI 2km) 

Stable   91% (n=13,888) 89% (n=12,348) 90% (n=11,790) 

Moved to less green 4% (n=663) 5% (n=732) 5% (n=674) 

Moved to greener 5% (n=713) 6% (n=814) 5% (n=602) 
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Table 2a. Odds ratios and 95% Confidence intervals of walking/cycling trajectories according to 

change in greenness area quartile (N=42611) 

 OR 95% CI 

Decreased 
walking/cycling  

Moved to  
less green 

1.07 0.96-1.19 

Moved to 
greener  

1.42 1.28-1.58 

Increased 
walking/cycling  

Moved to  
less green 

1.26 1.13-1.41 

Moved to 
greener  

1.09 0.97-1.22 

Adjusted for gender, age, education and mean area-based income 

Reference dependent = stable walking/cycling, reference independent=stable greenness  

 

 

 

Table 2b. Odds ratios and 95% Confidence intervals of exercise trajectories according to change in 

greenness area quartile (N=42224)  

 OR 95% CI 

Decreased 
exercise  

Moved to  
less green 

1.22 1.09-1.36 

Moved to 
greener  

1.25 1.12-1.38 

Increased 
exercise   

Moved to  
less green 

1.11 0.99-1.24 

Moved to 
greener  

0.89 0.79-0.99 

Adjusted for gender, age, education and mean area-based income 

Reference dependent = stable exercise, reference independent=stable greenness  
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Table 3a. Walking/cycling trajectories according to change in greenness area quartile, stratified for gender, age, education and area-based income. 

Reference dependent = stable walking/cycling, reference independent=stable greenness. Greenness based on 2km buffer 

Gender: adjusted for: age, education and area-based income. Age: adjusted for: gender, education and area-based income. Education: adjusted for: gender, age and area-based income. Area-based income: adjusted 

for: gender, age, education  

Differences in odds ratio’s between subgroups are presented in bold and italic.  

Table 3b. Exercise trajectories according to change in greenness area quartile, stratified for gender, age, education and area-based income. 

Reference dependent = stable exercise, reference independent=stable greenness. Greenness based on 2km buffer 

Gender: adjusted for: age, education and area-based income. Age: adjusted for: gender, education and area-based income. Education: adjusted for: gender, age and area-based income. Area-based income: adjusted 

for: gender, age, education  
Differences in odds ratio’s between subgroups are presented in bold and italic.

                                                                                                                       Walking/Cycling 

 Gender Age Education Area-based income 

 Women Men <56 ≥56 Low High Low High 

OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI 

Decreased 
walking/cycling  

Moved to  
less green 

1.04 0.91-1.20 1.12 0.94-1.32 1.11 0.98-1.25 1.08 0.89-1.29 1.20 1.03-1.40 0.95 0.82-1.11 1.07 0.93-1.24 1.07 0.90-1.26 

Moved to 
greener  

1.43 1.25-1.64 1.39 1.19-1.63 1.47 1.31-1.65 1.19 0.96-1.47 1.29 1.11-1.51 1.51 1.31-1.74 1.37 1.20-1.55 1.53 1.28-1.83 

Increased 
walking/cycling  

Moved to  
less green 

1.22 1.06-1.41 1.32 1.12-1.56 1.34 1.18-1.51 
 

1.32 1.10-1.58 1.29 1.10-1.50 1.24 1.07-1.44 1.22 1.06-1.41 1.32 1.12-1.55 

Moved to 
greener  

1.19 1.02-1.38 0.95 0.80-1.13 1.13 0.99-1.29 1.11 0.89-1.40 0.90 0.76-1.07 1.26 1.08-1.47 1.05 0.91-1.21 1.14 0.93-1.39 

                                                                                                                            Exercise 

 Gender Age Education Area-based income 

 Women Men <56 ≥56 Low High Low High 

OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI 

Decreased 
Exercise   

Moved to  
less green 

1.18 1.02-1.36 1.26 1.07-1.49 1.32 1.17-1.50 1.05 0.88-1.26 1.28 1.10-1.49 1.15 0.98-1.34 1.22 1.06-1.41 1.20 1.01-1.42 

Moved to 
greener  

1.18 1.03-1.35 1.33 1.13-1.56 1.34 1.19-1.51 1.01 0.81-1.26 1.28 1.09-1.49 1.22 1.06-1.41 1.25 1.10-1.43 1.22 1.02-1.47 

Increased 
Exercise   

Moved to  
less green 

1.16 1.00-1.33 1.04 0.87-1.24 1.27 1.12-1.44 0.97 0.80-1.17 1.15 0.98-1.35 1.07 0.91-1.24 1.10 0.95-1.28 1.12 0.95-1.33 

Moved to 
greener  

0.84 0.72-0.97 0.95 0.80-1.13 0.89 0.78-1.01 1.10 0.88-1.37 0.92 0.78-1.09 0.86 0.74-1.01 0.90 0.79-1.04 0.85 0.70-1.04 
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Discussion  

In this cohort study with repetaed measurements, we have investigated the association between 

objectively mesured living  area green space and physical activity in Stockholm County. The results did 

not support our hypothesis that individuals moving to a greener area were more likely to increase their 

physical activity behaviour, and those moving to a less green area more likely to decrease their physical 

activity. Interestingly, walking/cycling behaviour results were opposite to what we hypothesised; those 

moving to a greener area were more likely to decrease walking/cycling, and those moving to a less 

green area were more likely to increase their walking/cycling. Exercise behaviour showed another 

pattern, with people being more likely to decrease exercise both when moving to greener and to less 

green areas. Studying subpopulations based on sociodemographic characteristics did not aid to 

clarifying these results. 

 

Contrary to our findings, a recent review concluded based on mainly cross-sectional literature, that 

there is a strong positive relation between greenness and physical activity.3 However, we can not rule 

out that null and negative association studies are not being considered for publication. With the 

growing number of studies reporting on a benefits of green areas3, there may be expectations that 

research on physical activity would confirm previous findings of positive relationships. The current 

cohort study with repeated measurements is based on sound methodology and therefore an 

important addition to the currently available literature.  

 

Few previous studies have also reported no26, 27 or negative associations.28, 29 A Dutch study reported 

that green areas were related to less walking and cycling26, and suggested that this might be because 

people living in greener areas were more likely to use cars because of longer distances to facilities and 

services and because of the availability of private parking places.30 A study in the US found that in 6% 

of the counties more tree canopy was associated with more physical inactivity, in 34% of the counties 



13 
 

an inverse association was observed, and in the remaining 60% of the counties no association was 

observed.31 The authors emphasize that the inconsistent association between tree canopy and physical 

inactivity may be explained by complex interactions between environmental factors and behaviour 

that are place-specific. A combination of factors such as the degree of urbanization and the urban 

form, transportation network, climate and vegetation, and a range of socio-demographic and 

economic factors, influence the physical activity patterns in complex ways.31 Not in line with with the 

gender-stratified results in our study, a Canadian study found that men living in greener areas were 

less likely to be physically active, whereas no association was found for women.28 The authors suggest 

that women and men may have different preferences in where they choose to be physically active, 

and whether they use the green area may depend on what facilities are there.28 

 

In addition to the possible explanations brought up by previous studies for no or negative results, we 

believe that a combination of factors could explain why we found results that did not confirm our 

hypotheses. First, one explanation could be that greener areas, which are generally calmer, stimulate 

resting rather than physical activity.32 Second, the Stockholm region is characterized by an outspread 

urban form, partly due to its geography as the city is built on several islands separated by water. This 

has resulted in large distances, possibly increasing car-dependency in particular in the less central and 

greener areas. These areas may have longer distances between services and higher likelihood of 

choosing non-active means of transportation. Besides, commuting to and from work, by e.g. car or 

bike, is known to influence daily physical activity levels but was not measured separately in the present 

cohort.33, 34 Another aspect of the outspread urban form in Stockholm is the socioeconomic 

segregation. Stockholm is one of the most segregated capitals in Europe35, and with a spatial 

distribution of high SES over-represented in central, densely built parts of the city and in specific 

suburban areas, whereas low SES is over-represented in suburbs characterized by large-scale multi-

storage housing.36 Regarding greenness and socioeconomy, differences between urban, suburban and 

rural areas have been observed in a previous study by Persson et al.37 In urban municipalities in 
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Stockholm, there was a negative association between area income and NDVI (higher income was 

associated with lower levels of greenness), in suburban municipalities, there was a positive association, 

and in rural municipalities, the association was u-shaped, with low as well as high income areas 

associated with low levels of NDVI.37 This pattern of greenness being distributed across the 

socioeconomic scale may partly explain why we did not observe clear patterns in the association 

between moving to greener or less green area, and change in physical activity, neither with regards to 

individual nor contextual socioeconomic status.  

 

This study has investigated whether moving to a greener or less green area was associated with 

changes in physical activity. This has an inherent implication: people may move for a range of different 

reasons unrelated or related to their greenness exposure and physical activity; factors which we do 

not have information about. Moving may reflect, and result in, changes in living situation. We did not 

have information about reasons for moving, such as desires for more living space, changed 

relationships or family situation, or financial reasons: being able to afford to live in a more expensive 

area, or being forced to move to a less expensive area. 

An implication of the relatively short follow-up time is that conclusions about the duration of the effect 

cannot be drawn. Alcock et al.38 suggest that effects of changing environments may be immediate but 

reverse after some time (adaptation hypothesis), with little immediate effect but time needed to see 

effects (sensitization hypothesis), or immediate and sustained (shifting baseline hypothesis). 

Unfortunately, we did not have information about how long time the participants lived at their new 

address in relation to the follow-up measurement, and can therefore not assess whether changes in 

physical activity are sustained or not. Further studies on possible adaptation, sensitization and 

sustained effects are therefore needed. 

 

This study enhances the currently available evidence base due to its design and use of an objective 
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measure (NDVI) for greenness exposure.39 Nevertheless, NDVI has limitations, such as a need for 

managing atmospheric effects and cloud contamination, which may result in underestimated NDVI 

values. Using composite NDVI images and estimating the NDVI levels for the years of interest may not 

have fully corrected the deviations from “true” levels. However, we believe that the possible effect of 

this was small and that the estimated levels are close to actual levels. Another limitation is that NDVI 

does not distinguish between different types of greenness, such as areas used for different purposes, 

or different tree species, which may influence the likelihood of being physically active. However, the 

aim of the study was to study the changes in physical activity in relation to change in amount of 

greenness, why all vegetation, captured by the NDVI, was of interest. Moreover, our exposure 

assessment was limited to SAMS centroids, rather than buffer areas around residential addresses, 

which may have resulted in misclassification. However, we believe that potential effects might be non-

differential with regards to different levels of NDVI and the covariates adjusted for and therefore not 

marginally affecting the estimates. Another limitation in our study was the questionnaire used to 

assess physical activity. The addition of objective measures such as accelerometers and inclinometers, 

wearable cameras or global positioning system would improve future studies; though these measures 

are not easily obtained from large population-based samples.24 Lastly, the current study focused only 

on the effects on walking/cycling and exercise; therefore, future research should investigate the whole 

spectrum of physical activity and sedentary behaviour, including e.g. active transportation.  

 

Conclusion 

This cohort study with repeated measurements did not support the currently available literature and 

our hypothesis that individuals moving to a greener area increased physical activity, and those moving 

to a less green area decreased physical activity levels. Evaluating population subgroups separately 

could not aid to the clarification of the relation between greenness and physical activity. Nevertheless, 

our findings have shown spatial patterns related to green areas and physical activity that might be of 

interest for public health practioners, urban planners and other professionals involved in health and 
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physical activity promotion, and stress the need for place-specific health policies. Greening cities may 

need to consider the overall urban structure, and how physical activity can be facilitated and promoted 

in the urban environment. This study also highlights the need for further longitudinal investigations of 

physical activity patterns in relation to the physical environment. 

 

References 

1. Ding D, Lawson KD, Kolbe-Alexander TL, Finkelstein EA, Katzmarzyk PT, van Mechelen 
W, et al. The economic burden of physical inactivity: a global analysis of major non-communicable 
diseases. Lancet (London, England). 2016; 388:1311-24. 
2. Heath GW, Parra DC, Sarmiento OL, Andersen LB, Owen N, Goenka S, et al. Evidence-
based intervention in physical activity: lessons from around the world. The Lancet. 2012; 380:272-81. 
3. Fong KC, Hart JE, James P. A Review of Epidemiologic Studies on Greenness and Health: 
Updated Literature Through 2017. Current environmental health reports. 2018; 5:77-87. 
4. Richardson EA, Mitchell R, Hartig T, de Vries S, Astell-Burt T, Frumkin H. Green cities and 
health: a question of scale? Journal of epidemiology and community health. 2012; 66:160-5. 
5. Lachowycz K, Jones AP. Greenspace and obesity: a systematic review of the evidence. 
Obes Rev. 2011; 12:e183-9. 
6. Lee AC, Maheswaran R. The health benefits of urban green spaces: a review of the 
evidence. J Public Health (Oxf). 2011; 33:212-22. 
7. Hunter RF, Christian H, Veitch J, Astell-Burt T, Hipp JA, Schipperijn J. The impact of 
interventions to promote physical activity in urban green space: a systematic review and 
recommendations for future research. Social science & medicine (1982). 2015; 124:246-56. 
8. Markevych I, Schoierer J, Hartig T, Chudnovsky A, Hystad P, Dzhambov AM, et al. 
Exploring pathways linking greenspace to health: Theoretical and methodological guidance. Environ 
Res. 2017; 158:301-17. 
9. Koohsari MJ, Sugiyama T, Sahlqvist S, Mavoa S, Hadgraft N, Owen N. Neighborhood 
environmental attributes and adults' sedentary behaviors: Review and research agenda. Preventive 
Medicine. 2015; 77:141. 
10. Wendel-Vos W, Droomers M, Kremers S, Brug J, van Lenthe F. Potential environmental 
determinants of physical activity in adults: a systematic review. Obesity reviews. 2007; 8:425-40. 
11. Tucker CJ, Slayback DA, Pinzon JE, Los SO, Myneni RB, Taylor MG. Higher northern 
latitude normalized difference vegetation index and growing season trends from 1982 to 1999. 
International journal of biometeorology. 2001; 45:184-90. 
12. McMorris O, Villeneuve PJ, Su J, Jerrett M. Urban greenness and physical activity in a 
national survey of Canadians. Environ Res. 2015; 137:94-100. 
13. Kaczynski AT, Potwarka LR, Smale BJA, Havitz ME. Association of Parkland Proximity with 
Neighborhood and Park-based Physical Activity: Variations by Gender and Age. Leisure Sciences. 2009; 
31:174-91. 
14. Mitchell R, Popham F. Effect of exposure to natural environment on health inequalities: 
an observational population study. Lancet (London, England). 2008; 372:1655-60. 
15. Sarkar C. Residential greenness and adiposity: Findings from the UK Biobank. Environ 
Int. 2017; 106:1-10. 
16. Groenewegen PP, Zock JP, Spreeuwenberg P, Helbich M, Hoek G, Ruijsbroek A, et al. 
Neighbourhood social and physical environment and general practitioner assessed morbidity. Health 
& place. 2018; 49:68-84. 



17 
 

17. Koohsari MJ, Sugiyama T, Sahlqvist S, Mavoa S, Hadgraft N, Owen N. Neighborhood 
environmental attributes and adults' sedentary behaviors: Review and research agenda. Preventive 
medicine. 2015; 77:141-9. 
18. Svensson AC, Fredlund P, Laflamme L, Hallqvist J, Alfredsson L, Ekbom A, et al. Cohort 
profile: The Stockholm Public Health Cohort. Int J Epidemiol. 2013; 42:1263-72. 
19. Orsini N, Bellocco R, Bottai M, Hagstromer M, Sjostrom M, Pagano M, et al. Validity of 
self-reported total physical activity questionnaire among older women. European journal of 
epidemiology. 2008; 23:661-7. 
20. Norman A, Bellocco R, Bergstrom A, Wolk A. Validity and reproducibility of self-reported 
total physical activity--differences by relative weight. International journal of obesity and related 
metabolic disorders : journal of the International Association for the Study of Obesity. 2001; 25:682-8. 
21. SCB. Statistics Sweden: SCB-data för forskning/Microdata at Statistics Sweden for 
research purposes.  Stockholm: Statistics Sweden; 2009 [updated 2018-07-03; cited 2018 12 July]; 
Available from: http://www.scb.se/sv_/Hitta-statistik/Publiceringskalender/Visa-detaljerad-
information/?publobjid=20939. 
22. Browning M, Lee K. Within What Distance Does "Greenness" Best Predict Physical 
Health? A Systematic Review of Articles with GIS Buffer Analyses across the Lifespan. Int J Environ Res 
Public Health. 2017; 14. 
23. Nemani RR, Keeling CD, Hashimoto H, Jolly WM, Piper SC, Tucker CJ, et al. Climate- 
driven increases in global terrestrial net primary production from 1982 to 1999. Science (New York, 
NY). 2003; 300:1560. 
24. Julien Y, Sobrino JA, Verhoef W. Changes in land surface temperatures and NDVI values 
over Europe between 1982 and 1999. Remote Sensing of Environment. 2006; 103:43-55. 
25. Kawabata A, Ichii K, Yamaguchi Y. Global monitoring of interannual changes in 
vegetation activities using NDVI and its relationships to temperature and precipitation. International 
Journal of Remote Sensing. 2001; 22:1377-82. 
26. Maas J, Verheij RA, Spreeuwenberg P, Groenewegen PP. Physical activity as a possible 
mechanism behind the relationship between green space and health: a multilevel analysis. BMC Public 
Health. 2008; 8:206. 
27. Foster C, Hillsdon M, Jones A, Grundy C, Wilkinson P, White M, et al. Objective measures 
of the environment and physical activity--results of the environment and physical activity study in 
English adults. J Phys Act Health. 2009; 6 Suppl 1:S70-80. 
28. Prince SA, Kristjansson EA, Russell K, Billette JM, Sawada M, Ali A, et al. A multilevel 
analysis of neighbourhood built and social environments and adult self-reported physical activity and 
body mass index in Ottawa, Canada. Int J Environ Res Public Health. 2011; 8:3953-78. 
29. van Heeswijck T, Paquet C, Kestens Y, Thierry B, Morency C, Daniel M. Differences in 
associations between active transportation and built environmental exposures when expressed using 
different components of individual activity spaces. Health & place. 2015; 33:195-202. 
30. Den Hertog F, Bronkhorst M, Moerman M, Wilgenburg Rv. De Gezonde Wijk. Een 
onderzoek naar de relatie tussen fysieke wijkkenmerken en lichamelijke activiteit. 2006. 
31. Jue W, Kangjae L, Mei-Po K. Environmental Influences on Leisure-Time Physical 
Inactivity in the U.S.: An Exploration of Spatial Non-Stationarity. ISPRS International Journal of Geo-
Information. 2018; 7:143. 
32. Mikaels J, Asfeldt M. Becoming-crocus, becoming-river, becoming-bear: A relational 
exploration of place(s). Journal of Outdoor and Environmental Education. 2017 20. 
33. Wahlgren L, Schantz P. Exploring bikeability in a metropolitan setting: stimulating and 
hindering factors in commuting route environments. BMC Public Health. 2012; 12:168. 
34. Stigell E, Schantz P. Active Commuting Behaviors in a Nordic Metropolitan Setting in 
Relation to Modality, Gender, and Health Recommendations. Int J Environ Res Public Health. 2015; 
12:15626-48. 
35. Van Ham M, Marcińczak S, Tammaru T, Musterd S. Socio-Economic Segregation in 
European Capital Cities: East Meets West: Taylor & Francis; 2015. 

http://www.scb.se/sv_/Hitta-statistik/Publiceringskalender/Visa-detaljerad-information/?publobjid=20939
http://www.scb.se/sv_/Hitta-statistik/Publiceringskalender/Visa-detaljerad-information/?publobjid=20939


18 
 

36. Musterd S, Marcińczak S, Van Ham M, Tammaru T. Socioeconomic segregation in 
European capital cities. Increasing separation between poor and rich. Urban Geography. 2017; 
38:1062-83. 
37. Persson Å, Eriksson C, Lõhmus M. Inverse associations between neighborhood 
socioeconomic factors and green structure in urban and suburban municipalities of Stockholm County. 
Landscape and Urban Planning. 2018; 179:103-6. 
38. Alcock I, White MP, Wheeler BW, Fleming LE, Depledge MH. Longitudinal effects on 
mental health of moving to greener and less green urban areas. Environmental science & technology. 
2014; 48:1247. 
39. Rhew IC, Vander Stoep A, Kearney A, Smith NL, Dunbar MD. Validation of the 
Normalized Difference Vegetation Index as a Measure of Neighborhood Greenness. Annals of 
Epidemiology. 2011; 21:946-52. 

 


