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A B S T R A C T   

Background: Time spent outdoors has been previously related to several cardiovascular risk factors, implying that 
it may confer either beneficial or harmful effects on cardiovascular health. However, no large population-based 
studies have examined the relation between time spent outdoors and myocardial infarction and stroke. 
Objectives: We aimed to investigate the longitudinal relation between time spent outdoors and myocardial 
infarction and stroke in large UK population-based cohort. 
Methods: A total of 446,648 participants from UK Biobank were included in the study of which 431,146 par-
ticipants (56% females and 44% males with a mean age of 56.4 ± 8.1 years) were followed for a median time of 7 
years. Time spent outdoors was self-reported and participants were stratified into quantiles (less than 1.5 
[reference group]; 1.5 to 2.4; 2.5 to 3.5 and more than 3.5 h per day outdoors). Myocardial infarction and stroke 
events were either collected from hospital records and death registries or were self-reported by the participants. 
Cox proportional hazard regression was used for the analysis. In addition to age and sex, analyses were adjusted 
for potential demographic (TDI, ethnic background, current employment status), lifestyle (alcohol intake fre-
quency, current tobacco use, sedentary time and moderate-to-vigorous physical activity), health related factors 
(BMI, systolic and diastolic blood pressure) and environmental indicators (NO2, NOx, PM10, PM2.5-10, PM2,5, 
noise pollution, % greenspace, % natural environment and % water). 
Results: A 20% increased risk for myocardial infarction incidence was observed among participants who reported 
spending more than 3.5 h/day outdoors (HR: 1.20, 95% CI: 1.06–1.36) compared to the reference group. A trend 
was also observed for stroke (HR: 1.14, 95% CI: 0.97–1.34). 
Conclusion: Findings from the present study indicate that spending more than 3.5 h/day outdoors is a risk factor 
for myocardial infarction and stroke. Future research is needed to further understand the relation between time 
spent outdoors and cardiovascular disease.   

1. Introduction 

Cardiovascular diseases (CVDs) are the leading cause of death 
worldwide, accounting for more than 17.8 million deaths every year 
(Rothet al., 2018), with myocardial infarction (MI) and stroke being the 
most prevalent causes of CVD-related mortality (Murray and Lopez, 
1997). Although the burden of CVDs is mainly attributed to the preva-
lence of behavioral and biological risk factors (Tzoulaki et al., 2016), 
recent studies have shown that environmental factors, related to both 
natural and built environments, may also influence the likelihood of MI 
and stroke (Bhatnagar, 2017). This indicates that the outdoor 

environment may confer protective or harmful effects on cardiovascular 
health based on its characteristics (Tzoulaki et al., 2016), (Bhatnagar, 
2017). Therefore, there is an increased interest in exploring the rela-
tionship between exposure to outdoor environment and CVD-related 
health outcomes. Time spent outdoors is a quantitative indicator of 
exposure to the outdoor environment (Bélangeret al., 2019), though 
studies have mainly investigated the association of time spent outdoors 
with cardiovascular risk factors (Beyer et al., 2018). 

Previous studies have consistently shown that longer time spent 
outdoors is associated with a more physically active profile both in 
children and adults (Beyer et al., 2018; Larouche et al., 2016a; 
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Astell-Burt et al., 2014; Gray, 2015; Sanders et al., 2015; Schaefer, 2014; 
Storgaard et al., 2013; Larouche et al., 2016b). Indeed, time spent out-
door has been positively correlated with moderate-to-vigorous physical 
activity (MVPA) level and negatively with sedentary time (Two-
hig-Bennett and Jones, 2018), (Shanahanet al., 2016). Physical inac-
tivity and sedentary activity are considered as two independent risk 
factors for MI and stroke (Vasankariet al., 2017), (Elhakeem et al., 
2018), and therefore longer time spent outdoors may reduce the risk for 
MI and stoke by affecting these parameters. Additionally, time spent 
outdoors has been found to have positive effects on cortisol and other 
measures of stress (Twohig-Bennett and Jones, 2018), (Roeet al., 2013). 
Previous studies demonstrated a potential mechanistic link between 
nature, the sounds of nature, and stress recovery (Annerstedtet al., 
2013), (Alvarsson et al., 2010). However, as highlighted by Adhikari 
et al. (2020), it is important to mention some exceptions. Indeed, an 
absence of walkable trails, difficult terrains, dense bushes, or presence of 
wild animals, decrease the exent to which a neighbourhood is conducive 
to exercise and green experiences. Therefore, living in and around vast 
expanses of greenness does not necessarily induces people to use them 
for physical activities (Adhikari et al., 2020). 

Yet, there is also a long history in the literature of evaluating the 
effect of viewing ‘grey’ environments over natural ones, starting with 
Ulrich et al. in the 1980s (Ulrich, 1981). Recent data indicates that more 
than half of the world’s population lives and works in high-density 
areas, where pollution, congestion and noise have considerable nega-
tive impact on health (Tzoulaki et al., 2016), (Mirandaet al., 2019). 
Considering this, time spent outdoors may also have detrimental effects 
when it reflects, for example, an indicator of exposure to air or noise 
pollution (Sui et al., 2018). These effects may also operate through the 
stress pathway, as cross-sectional evidence suggests (Nutsford et al., 
2016). On the basis of these latest studies, time spent outdoors may 
include the beneficial effects of exposure to green spaces, as well as the 
harmful effects of exposure to air pollution and noise, implying that time 
spent outdoors may affect, either positively or negatively, the risk for MI 
and stroke incidence. 

So far, large population-based studies investigating the association of 
time spent outdoors with MI and stroke are lacking. To address this 
knowledge gap, the present study aimed to investigate the longitudinal 
association of time spent outdoors with MI and stroke incidence in a 
large population-based sample of middle and old aged adults, enrolled in 
the UK Biobank cohort (UKB). 

2. Materials & methods 

2.1. Study population 

The UK Biobank Cohort study (UKB), is a large population-based 
prospective cohort of approximately 500,000 middle and old aged 
participants (40–69 years old), recruited between 2006 and 2010 
(Sudlowet al. UK Biobank, 2015). The study has been described in detail 
elsewhere (UK Biobank Coordinating Centre, 2007). Upon completing 
the baseline assessment (at one of the 22 assessment centers, located 
across the UK), participants were followed up through their medical 
records, which include hospital records (Scottish Morbidity record and 
the National Care Record Service) and death registries (Office for Na-
tional Statistics and Registrar General’s Office). Ethical approval for 
UKB data collection was granted by North-West Multicentre Research 
Ethics Committee and the use of the data at our Department was further 
approved by the Regional Ethics Committee of Uppsala, Sweden. 

2.2. Measurements 

2.2.1. Predictor 
Time spent outdoors was self-reported at baseline assessment and it 

was measured by using two questions from the touch screen question-
naire: “In a typical day in summer, how many hours do you spend 

outdoors?” and “In a typical day in winter, how many hours do you 
spend outdoors?“. Participants responded either by entering a whole 
number or by choosing one of the three special answers (“Less than an 
hour per day”, “Do not know” or “Prefer not to answer”). We recoded the 
response “less than an hour per day” as 0.5 h/day. We excluded from the 
analysis participants who responded “Do not know” and “Prefer not to 
answer”, as well as extreme outliers defined as having a z-score out of 
the range of ±3.29 in both questions (>12 h/day outdoors in summer 
and >8 h/day outdoors in winter). Then, we calculated the average time 
spent outdoors per day for each participant. The new variable was 
further divided into automatically generated quantiles by ranking all 
cases with 1 in the lowest value. Time spent outdoors was treated as a 
ranked categorical variable with four groups in the analyses: less than 
1.5 h/day (reference group), 1.5–2.4 h/day (group 2), 2.5–3.5 h/day 
(group 3) and more than 3.5 h/day outdoors (group 4). 

We also analyzed time spent outdoor separately in summer and in 
winter. In summer, the groups were as follows: less than 2 h/day 
(reference group), 2–3 h/day (group 2), 3.1–4 h/day (group 3) and more 
than 4 h/day outdoors (group 4). In winter, the groups were as follows: 
less than 1 h/day (reference group), 1–1.9 h/day (group 2), 2–3 h/day 
(group3) and more than 3 h/day outdoors (group 4). 

2.2.2. Study endpoints 
MI and stroke events were identified utilizing the algorithmically 

defined outcome variables, developed by the UKB adjudication com-
mittee and created through linkage of hospital admission data from 
England, Wales and Scotland, national death registries and self-reported 
data. The variables contained information about the date of the first- 
known MI or stroke. In these variables, MI and stroke events were 
recorded by using the following International Classification of Disease 
(ICD)-10 codes: MI: I21, I22, I23, I24.1 and I25.2; stroke: I60, I61, I63, 
I64. X, as well as by the following ICD-9 codes from the Scottish 
Morbidity record: MI: 410, 411, 412. X and 429.79; stroke 430. X, 431. 
X, 434, 436. X and 436.X. 

The incident MI and stroke events during the follow-up time were 
identified through hospital admission records and national death reg-
istries. Follow-up time started at the date participants attended the 
baseline assessment until the March 1, 2016 or until the occurrence of 
the first MI or stroke event. Participants who had both MI and stroke 
events before baseline assessment (n = 761) as well as during the follow- 
up time (n = 179) were excluded from the analyses. 

2.3. Covariates 

We obtained information for a number of individual-level and car-
diovascular confounders, which were categorized into three main 
groups: demographic characteristics, lifestyle factors and health-related 
measurements. 

2.3.1. Demographic characteristics – 
Information related to baseline characteristics, such as age, sex, so-

cioeconomic status, and current employment status, were collected at 
the time of initial assessment. Townsend deprivation index (TDI), 
calculated based on participants’ postal code and information from the 
national census output area, was used as a proxy of socioeconomic 
status. Ethnicity, derived from a sequence of branching questions 
regarding ethnic background, was defined as British white (major 
group) versus other ethnicities (minor groups), such as Black, Asian, 
Mixed, other White, Chinese and other ethnic group. Current employ-
ment status variable was recoded into a dichotomous variable, defined 
as having employed versus non-employed status. 

2.3.2. Lifestyle factors 
Information related to lifestyle factors, such as alcohol intake fre-

quency, current tobacco use, sedentary time and physical activity were 
extracted from the touch screen questionnaire. Alcohol intake frequency 
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was categorized into 6 groups (daily or almost daily, three or four times 
a week, once or twice a week, one to three times a month, special oc-
casions only, never), while current tobacco use was classified into 3 
groups (yes on most or all days, only occasionally, no). 

Sedentary time was calculated by using the questions related with 
the leisure time spent watching TV, the leisure time spent using com-
puter and the total time spent driving, in which participants responded 
in the same way as in the time spent outdoors questions. We recoded the 
response “less than an hour per day” as 0.5 h/day. Extreme outliers in 
time spent watching TV and using computer, defined as they had a Z- 
score out of the range of ±3.29 (>9 h/day watching TV, >6 h/day using 
computer) and in time spent driving, defined by the GB domestic rule 
(https://www.gov.uk/drivers-hours/gb-domestic-rules) (>11 h/day 
driving), were coded as missing values. Then sedentary time variable 
was computed by calculating the sum of the total number of hours per 
day that participants spent in all these sedentary activities. The formula 
used was: Sedentary time ¼ Time spent watching TV þ Time spent 
using computer þ Time spent driving. 

MVPA score level was derived by questions related with the weekly 
frequency and daily duration (in minutes) of moderate physical activity 
and vigorous physical activity. The variables were handled according to 
the guidelines for data processing and analysis of the international 
physical activity questionnaire (IPAQ) (Guidelines for Data Proc, 2005) 
and they were used to calculate the metabolic equivalent per time score 
of MVPA based on the following formula (Klimentidiset al., 2018): 
MVPA score (MET-min/week) ¼ [(Number of days/week of mod-
erate physical activity 10þ minutes £ Duration of moderate 
physical activity £ 4.0) þ (Number of days/week of vigorous 
physical activity 10þ minutes £ Duration of vigorous physical 
activity £ 8.0)]. The MVPA score (MET-minutes/week) variable was 
further divided into automatically generated quantiles by ranking all 
cases with 1 in the lowest value, resulting in the formation of a ranked 
categorical variable with 4 groups. For all variables, the responses “Do 
not know” and “prefer not to answer” were coded as missing values. 

2.3.3. Health related measurements 
Health related measurements, including weight, height, systolic 

blood pressure (SBP) and diastolic blood pressure (DBP) were also 
recorded during the baseline assessment. Weight was measured using 
Tanita BC-418MA body composition analyzer and height with Seca 202 
height measure, and they were used to calculate the body mass index 
(BMI; kg/m2). SBP and DBP were measured, using Omron HEM-705 IT 
digital blood pressure monitor, twice with 1-min interval between the 
two measurements. The average SBP and DBP were calculated and used 
in the analyses. 

2.3.4. Environmental exposure 
The potential impact of environment exposure has been considered 

in the analyses, by additionally controlling for air pollution, noise 
pollution and exposure to greenspace, natural environment and water. 
Air pollution concentrations were modelled at participants’ baseline 
residential addresses. Particulate matter of up to 10 μm diameter (PM10, 
PM2.5 to 10 and PM2.5), nitrogen dioxide (NO2) and total nitrogen oxides 
(NOx) were measured as annual average values in μg/m3 for the year 
2010. The measurement was based on monitoring on three occasions 
over a 14 day period during the cold, warm, and intermediate seasons of 
the year. More information can be found at the ESCAPE project website 
(European Study of Cohorts for Air Pollution Effects: http://www. 
escapeproject.eu/) (Eeftenset al., 2012), (Beelenet al., 2013). 

Regarding noise pollution, noise estimates for the year 2009 were 
modelled using a version of the Common NOise aSSessment methOdS 
(CNOSSOS-EU) noise model; average level of noise pollution in decibels 
was calculated as a weighted level measured over a 24-h period, with a 
10 dB penalty added between 23:00 h and 07:00 h. Full details on the 
model can be found in the following references (Kephalopoulos et al., 
2012), (Kephalopoulos et al., 2014). 

Data on residential environment exposures wasobtained from the UK 
Biobank Urban Morphometric Platform (UKBUMP). The UKBUMP is a 
linked database of objectively measured urban morphological metrics 
measuring health-influencing environmental exposures within func-
tional neighbourhoods around UK Biobank participants’ geocoded 
dwelling locations (Generalised Land Use Database Statistics for En-
gland, 2005). Each residential address was allocated a circular distance 
buffer of 1000 m and the percentage of greenspace (% greenspace), 
natural environment (% natural environment) and water (% water) were 
used in our analysis. 

2.4. Statistical analysis 

We performed Cox proportional hazard regression and presented the 
results as hazard ratios (HR) and 95% confidence interval (CI). To assess 
the potential to which different covariates might be confounding or 
mediating differences in MI and stroke incidence, we estimated six 
nested models, sequentially adjusting for all covariates. Model I (basic 
model) included demographic characteristics (sex, age, TDI and ethnic 
background). Model II included all covariates in model I, plus lifestyle 
factors (alcohol intake frequency, current tobacco use, current 
employment status, sedentary time and physical activity). Model III 
included all covariates in model II, plus BMI, SBP and DBP. Model IV 
included all covariates in model III, plus number of environmental 
exposure, (NO2, NOx, PM10, PM2.5-10, PM2,5 and noise pollution). Model 
V included the covariates from model III as well as environmental in-
dicators (% greenspace, % natural environment and % water). Model VI 
was fully adjusted for all the above covariates. We then performed the 
same analyses stratifying for sex. 

The group spending less than 1.5 h/day outdoors (<1.5 h/day) was 
used as the reference group in all analyses. 

Baseline characteristics are presented as mean ± standard deviation 
(SD) for continuous variable and as percentages for categorical vari-
ables. All statistical analyses were performed using SPSS software (IBM 
SPSS Statistics version 26) and Graphpad prism version 8.4.1 
(©1992–2020 Graphpad Software, LLC, US) was utilized to create the 
horizontal forest plots. 

Sensitivity analyses were conducted separately for time spent out-
door in summer and in winter using the same VI models presented 
above. The groups spending less than 1 and 2 h/day outdoors were 
considered as reference groups in analyses for winter and summer, 
respectively. 

3. Results 

Of the 502,685 participants recruited in the UKB between 2006 and 
2010, we excluded 56,137 based on the exclusion criteria presented in 
Fig. 1. Among them, 9525 (2.13%) had a MI and 5798 (1.30%) had a 
stroke event before baseline assessment (prevalent cases). Moreover, 
179 participants had both MI and stroke during the follow-up time. 
Hence, 431,146 participants were included in the longitudinal analysis. 
During the median follow-up time of 7.00 years (Q1: 6.0; Q4: 9.0), we 
identified 4724 (1.10%) MI and 2809 (0.65%) stroke incident events. 

Characteristic of the study participants are presented in Table 1. The 
study population (n = 431,146) consisted of 56% females and 44% 
males with a mean age of 56.4 (±8.1) years. Those who reported 
spending more than 3.5 h/day were on average older, more often males, 
more deprived and non-employed, more physically active, spend more 
time on sedentary activities and had higher BMI, SBP and DBP compared 
to the other groups. Those who reported spending more than 3.5 h/day 
were also on average more exposed to greenspace, natural environment 
and water. 

Results for the longitudinal analysis of time spent outdoor with MI 
and stroke incident are shown in Table 2. Results from basic model 
showed that spending more than 3.5 h/day outdoor was associated with 
higher risk of having MI compared to the reference group [HR: 1.23; 
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(95% confidence interval (CI): 1.12–1.35]. Adjustment for covariates 
did not alter the associations substantially [HR: 1.20; (CI: 1.06–1.36)] in 
the fully adjusted model (Table 2). 

Out of the sex stratification we found that the association between 
time spent outdoor and MI was stronger among men than among 
women. The results were as follow: spending more than 3.5 h/day 
outdoor was associated with a 24% increase risk of having MI among 
men and 22% in women in the first model (among men [HR: 1.24; (95% 
confidence interval (CI): 1.10–1.38] and among women [HR: 1.21; (95% 
confidence interval (CI): 1.02–1.44]). In the fully adjusted model, the 
hazard ratio was 1.26 (95% confidence interval (CI): 1.09–1.47) among 
men and 1.07 (95% confidence interval (CI): 0.84–1.35) among women 
for the group spending more than 3.5 h/day outdoor. 

For stroke incidence, the effect estimate and CI in the basic model, 
indicated possible increased risk associated with spending more than 
3.5 h/day outdoors [HR: 1.18; (CI: 1.05–1.33)]. The association between 
stroke incidence and increased time spent outdoor no longer remain 
significant upon further adjustment with lifestyle, health-related and 
environmental covariates; yet, a trend is present in all of the model, 
including the fully adjusting model [HR: 1.14; (CI: 0.97–1.34)] 
(Table 2). 

Out of the sex stratification we found similar results among men and 
women: the results indicated possible increased risk associated with 
spending more than 3.5 h/day outdoors both among men ([HR: 1.21; 
(CI: 1.03–1.42]) and women ([HR: 1.16; (CI: 0.97–1.39]) in the first 
model; and in the fully adjusted model (([HR: 1.18; (CI: 0.94–1.47] 
among men and ([HR: 1.12; (CI: 0.87–1.43] among women). 

Sensitivity analyses were conducted to investigate the effect of time 
spent outdoor on the risk of MI and stroke incidence separately in 
summer and in winter. Results from the basic model were consistent 
with the primary analysis i-e., spending more time outdoor (>4 h/day in 
summer and >3 h/day in winter) were associated with an increased risk 
of having MI both in the summer [HR: 1.19; (CI: 1.07–1.31)] and in the 
winter [HR: 1.11; (CI: 1.01–1.21)] (Supplementary Table 1 & Supple-
mentary Table 2). Further adjustment with study covariates did not alter 
the associations between time spent outdoor and risk of having MI 

substantially [HR: 1.12; (CI: 0.98–1.28) in summer and HR: 1.13; (CI: 
1.00–1.28) in winter in the fully adjusted model] (Supplementary 
Table 1 & Supplementary Table 2). 

In the sensitivity analyses for stroke incidence, the time spent out-
door both in summer and in winter was not related with a different HR 
(Supplementary Table 1 & Supplementary Table 2). 

4. Discussion 

The current study attempts to investigate the relationship between 
time spent outdoors and CVD incidence (MI and stroke) among 431,146 
middle and old aged participants from UKB cohort. Spending more than 
3.5 h/day outdoors was found to be associated with 20% higher risk of 
developing MI over time compared to spending less than 1.5 h/day 
outdoors, after adjustment for demographic characteristics, lifestyle 
factors, health-related measurements and environmental exposure. 
Similarly, a trend was present also for stroke. 

Recent studies suggest that the risk of developing CVD is related with 
the living and working environment (Bhatnagar, 2017), (Alveset al., 
2016), (Hong et al., 2019). Our results suggest that time spent outdoor is 
a risk factor for MI and stroke incidence, even after adjusting for de-
mographics, lifestyle, health and environmental parameters. Adjust-
ment for the covariates did not alter the association substantially 
implying that the demographics, lifestyle, health and environmental 
variables studies were not the main mechanistic factors underpinning 
the relation between time spent outdoor and MI incidence. 

These results could potentially be explained by the damaging effect 
of urbanization on CVD. The participants enrolled in this study, as well 
as more than half of the world’s 7 billion approximate inhabitants, are 
living and working in urban areas (United Nations and The World, 
2016). Urban living offers many benefits, such as increase access to 
social services including health and education, yet, urbanization has 
both pros and cons (United Nations and The World, 2016). Considering 
this, time spent outdoors may affect the risk for MI and stroke differently 
depending on the specific environmental attributes (natural environ-
ment and green spaces vs. built environment and grey spaces). 

Fig. 1. Study population, showing the inclusion/exclusion criteria and the number of prevalent and incident myocardial infarction (MI) and stroke cases.  
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Moreover, time spent outdoors may affect the risk for MI stroke differ-
ently depending on the purpose (leisure vs. occupation). Indeed, con-
tradictory results indicates that the outdoor environment may confer 
protective or harmful effects on cardiovascular health based on its 
characteristics (Tzoulaki et al., 2016), (Bhatnagar, 2017). So far, few 
studies - particularly large, population-based studies – have examined 
the relation between time spent outdoors and CVD in the working 
population, despite great interest in the work environment and 
employment conditions and its relationship with health. Recent studies 
have shown that outdoors workers have higher blood pressure than in-
doors workers due to higher exposure to air pollution and noise 
(Santoset al., 2019), (Tomeiet al., 2017). Thus, if spending time in 
natural environment is considered beneficial and studies have shown 
that exposure to urban green spaces reduces the risk for CVD mortality 
(Sarkar et al., 2018; Dalton and Jones, 2020; Mitchell and Popham, 
2008; Vivanco-Hidalgo, 2019; Wang, 2019; Yeager, 2018; da Silveira 
and Junger, 2018), our findings highlight the importance of considering 
the potential damaging effect of urban environment on cardiovascular 
health. Further studies are needed to investigated the role of pollution 
on the risk for CVD. 

The present study is accounted to several limitations. First, data 
regarding time spent outdoors and lifestyle factors were self-reported; 
and thus they may be potentially subjected to self-reporting bias (Fol-
ley et al., 2018), (Althubaiti, 2016). Second, there is a possibility that 
time spent outdoors/day is overestimated in our study, since partici-
pants reported the average time they spent outdoors daily even if it 

varied between weekdays and weekends. The distribution of time spent 
outdoors variable was positively skewed, which is in accordance with 
previous studies (Diffey, 2011). In addition, it has been found that the 
use of questionnaire to measure time spent outdoors provides higher 
estimates than the use of personal diaries method due to potential recall 
bias (Diffey, 2011), which this study may also be subjected too. Third, 
although the analyses were adjusted with a number of covariates, re-
sidual confounding may still exist. Moreover, it is important to consider 
that exposure and covariates were only measured at baseline, the results 
should therefore be interpreted with caution. Lastly, missing values in 
some of the variables used in the analysis could be a source of bias and 
may affect the precision and significance of the results. 

However, the present study has several strengths. To our knowledge, 
it is the first study that attempts to investigate the relationship between 
time spent outdoors with MI and stroke. Understanding the relationship 
between exposure to the living environment and health should be a 
major concern, and the present study brings new knowledge that can be 
used to prevent CVD and to address the risks factors that cause it. The 
major strength of the study is the large sample size, meaning high sta-
tistical power, which increases the accuracy of the estimations. 
Furthermore, incident MI and stroke cases were identified through 
hospital records and death registries, which increase the reliability of 
these data. Lastly, data was analyzed in a longitudinal setting adjusting 
for a high number of potential confounders that decreases the possibility 
of type I error or by chance findings. 

In conclusion, this study suggests that time spent outdoors is a risk 

Table 1 
Baseline characteristics of the study population (n = 431,146) by time spent outdoors quantiles.    

Time spent outdoors (hours/day)a   

Total (n¼431,146) <1.5 (n ¼ 86,842) 1.5–2.4 (n ¼ 121,602) 2.5–3.5 (n ¼ 126,539) >3.5 (n ¼ 96,163) Missing values 
Demographic characteristics Mean ± SD or n (%)  
Sex - Male 190,511 (44.2) 34,034 (39.2) 50,156 (41.2) 53,193 (42.0) 53,128 (55.2) 0 
Age 56.36 ± 8.09 53.94 ± 7.61 55.34 ± 7.96 57.35 ± 8.06 58.53 ± 7.95 0 
Townsend deprivation index − 1.43 ± 3.02 − 1.41 ± 3.04 − 1.49 ± 2.97 − 1.49 ± 2.97 − 1.27 ± 3.12 541 
Ethnic background-major group 382,703 (89.0) 74,534 (86.1) 108,008 (89.1) 113,762 (90.2) 86,399 (90.1) 1322 
Employment status - Employed 251,022 (58.7) 65,490 (75.9) 80,032 (66.3) 63,822 (50.9) 41,678 (43.8) 3591 
Lifestyle factors       
Alcohol intake frequency      262 
Never 32,282 (7.5) 7493 (8.6) 8388 (6.9) 8823 (7.0) 7578 (7.9)  
Special Occasions only 47,666 (11.1) 10,273 (11.8) 12,657 (10.4) 13,904 (11.0) 10,832 (11.3)  
One to three times a month 47,946 (11.1) 10,310 (11.9) 13,788 (11.3) 13,756 (10.9) 10,092 (10.5)  
Once or twice a week 111,097 (25.8) 21,557 (24.8) 31,251 (25.7) 32,977 (26.1) 25,312 (26.3)  
Three or four times a week 101,890 (23.6) 19,951 (23.0) 30,035 (24.7) 29,996 (23.7) 21,908 (22.8)  
Daily or almost daily 90,003 (20.9) 17,202 (19.8) 25,420 (20.9) 27,016 (21.4) 20,365 (21.2)  
Current tobacco smoking      202 
Never 387,910 (90.0) 79,373 (91.4) 110,412 (90.8) 113,616 (89.8) 84,509 (87.9)  
Only occasionally 11,599 (2.7) 2198 (2.5) 3222 (2.7) 3319 (2.6) 2860 (3.0)  
Yes, on most or all days 31,435 (7.3) 5236 (6.0) 7927 (6.5) 9543 (7.5) 8729 (9.1)  
MVPA      63,246 
1st percentile 91,585 (21.2) 30,068 (40.1) 28,218 (26.6) 21,565 (20.1) 11,734 (14.8)  
2nd percentile 91,342 (21.2) 20,011 (26.7) 29,158 (27.5) 26,519 (24.7) 15,654 (19.7)  
3rd percentile 90,348 (21.0) 15,943 (21.3) 27,164 (25.6) 28,109 (26.2) 19,132 (24.1)  
4th percentile 94,625 (21.9) 8873 (11.8) 21,592 (20.3) 31,207 (29.1) 32,953 (41.5)  
Sedentary time 4.60 ± 2.09 4.19 ± 1.96 4.38 ± 1.98 4.70 ± 2.04 5.12 ± 2.28 18,159 
Health related measurements       
Body mass index 27.28 ± 4.74 27.27 ± 5.13 27.10 ± 4.72 27.24 ± 4.62 27.58 ± 4.52 2092 
Systolic blood pressure 137.58 ± 18.59 134.63 ± 18.08 136.26 ± 18.37 138.55 ± 18.66 140.67 ± 18.69 36,520 
Diastolic blood pressure 82.09 ± 10.09 81.64 ± 10.19 81.92 ± 10.08 82.27 ± 10.02 82.98 ± 10.03 36,509 
Environmental exposure       
NO2 (μg/m3) 26.51 ± 7.54 26.99 ± 7.70 26.65 ± 7.57 26.29 ± 7.43 26.17 ± 7.46 16,313 
NOx (μg/m3) 43.73 ± 15.36 44.51 ± 15.80 43.90 ± 15.32 43.34 ± 15.06 43.32 ± 15.38 16,313 
PM10 (μg/m3) 16.21 ± 1.90 16.27 ± 1.87 16.22 ± 1.89 16.18 ± 1.89 16.17 ± 1.93 44,759 
PM2.5 (μg/m3) 9.97 ± 1.05 10.02 ± 1.07 9.97 ± 1.05 9.94 ± 1.04 9.94 ± 1.06 44,759 
PM2.5-10 (μg/m3) 6.42 ± 0.90 6.43 ± 0.89 6.42 ± 0.89 6.41 ± 0.90 6.42 ± 0.91 44,759 
Noise pollution (dB) 56.04 ± 4.25 56.07 ± 4.30 56.03 ± 4.23 56.01 ± 4.22 56.06 ± 4.29 16,313 
Environmental indicators       
% greenspace 45.43 ± 21.79 43.89 ± 21.55 44.78 ± 21.76 46.02 ± 21.86 46.86 ± 21.82 61,947 
% natural environment 41.09 ± 25.75 39.38 ± 25.47 40.37 ± 25.64 41.75 ± 25.83 42.65 ± 25.89 14,362 
% water 1.27 ± 5.50 1.25 ± 2.42 1.26 ± 2.43 1.28 ± 2.56 1.29 ± 2.56 61,947 

Note: n (%) and Mean ± SD reported in the table have been calculated using descriptive statistics after accounting for missing values. 
Abbreviations: MVPA: moderate-to-vigorous physical activity, PM: particulate matter, dB: decibel. 
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factor for MI, implying that spending more time outdoors has both 
detrimental and beneficial effects on human health and well-being. 
These effects depend on the environmental attributes in which time is 
spent outdoors as well as on the purpose of spending time outdoors. 

Future work is needed to validate our findings and assess further the 
association between time spent outdoors with MI and stroke. This should 
be done by collecting more accurate and detailed information regarding 
time spent outdoors (by using objective measurement techniques of time 
spent outdoors, such as global positioning system (GPS), accelerometer 
or ambient light sensing technology) as well as by taking into account 
the purpose and the environmental attributes of time spent outdoors. 
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