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Living in urban areas with abundant greenness might provide health benefits in general population. Literature
suggests that sex/gender plays a role in the association between greenness and health outcomes. But the impact
of greenness in populations with moderate to high cardiovascular risk, such as persons with diabetes, is still
unknown. Our aim was to evaluate the relationship between urban greenness and myocardial infarction inci-
dence in persons with type 2 diabetes in Barcelona (Catalonia, Spain), and seek potential gender/sex differences
in this association.

This retrospective cohort study is based on data from the System for the Development of Research in Primary
Care (SIDIAP database). We used Cox models to estimate if a 0.01 increase in Normalized Difference Vegetation
Index (NDVI) at census tract level was associated to reduced risk of developing a myocardial infarction. Models
were adjusted by demographic and clinical characteristics at individual level, and by environmental and so-
cioeconomic variables at census tract level. Amongst 41,463 persons with diabetes and 154,803.85 person-years
of follow-up, we observed 449 incident cases of acute myocardial infarction. For each 0.01 increment in NDVI the
risk of developing a myocardial infarction decreased by 6% (Hazard Ratio, HR = 0.94; 95%CI, 0.89-0.99) in the
population with diabetes. When stratifying by sex, we observed a significant association only in men (HR = 0.91;
95%CI, 0.86-0.97).

People with diabetes living in urban greener areas might benefit from reduced cardiovascular risk, specially
men. We observed sex/gender disparities, which could be related to different exposures and activities performed
in green spaces between men and women. Further studies are needed to confirm sex/gender disparities between
greenness exposure and cardiovascular outcomes. Our findings contribute to improve the health of people with
diabetes who should be recommended to spent time and exercise in green areas.

(Mendis et al., 2011). Prevention of CVD mainly focuses on lifestyles,
demographic characteristics, genetic disorders, or pathophysiological
risk factors. But prevention based on other risk factors, such as envi-

1. Introduction

Cardiovascular diseases (CVD) are a leading cause of death, ac-

counting for 18 million deaths each year worldwide (Mendis et al.,
2011). Over the last decades, CVD mortality has declined in Western
countries due to a combination of pharmacological treatments and pri-
mary prevention plans, but it is still high in many other countries

ronmental exposures, remains incipient. Environmental exposures
might directly affect cardiovascular risk (Ponjoan et al., 2017, 2020),
but also might contribute to modify lifestyles (Hobbs et al., 2020;
Martins et al., 2021).
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The environment for 55% of the world’s current population involves
the urban areas they inhabit, and such percentage is projected to in-
crease to 75% in 2050 (United Nations, Department of Economic and
Social Affairs, 2019). Urbanization impacts human health through
multiple processes such as heat island effects, pollution, or climate
change (Lee and Maheswaran, 2011; Tonne et al., 2021). But emerging
evidence suggests that living in urban areas with abundant greenness
nearby -such as parks, gardens, or patches covered by trees or vegetation
- may reduce mortality (Gascon et al., 2016; Nieuwenhuijsen et al.,
2018; Rojas-Rueda et al., 2019), and protect against depression, asthma,
or cardiovascular outcomes (Fong et al., 2018; James et al., 2015). The
mechanisms through which greenness may promote health might
include stress reduction (Triguero-Mas et al., 2017), promotion of social
interactions (Maas et al., 2009), increase in physical activity (Lu et al.,
2018), and reduction in noise levels (Dzhambov and Dimitrova, 2014),
air pollution (Crouse et al., 2019), or heat (Bowler et al., 2010). More-
over, exposure to greenness has been associated with lower levels of
sympathetic activation, reduced oxidative stress, and higher angiogenic
capacity (Yeager et al., 2018).

Most studies have assessed the benefits of urban greenness on car-
diovascular health in general population (Jennings et al., 2019; Orioli
et al., 2019; Seo et al., 2019; Wang et al., 2019; Yitshak-Sade et al.,
2019), and some of them have suggested sex or gender differences in the
association between greenness and human health (Bolte et al., 2019).
The analysis of cardiovascular outcomes have reported sex or gender
differences mainly due to variations in the social use of green spaces,
frequency of visits, and safety perception, or in time spent outdoors
around the neighborhood (Plans et al., 2019; Richardson and Mitchell,
2010).

However, the impact of greenness on specific targeted populations
with moderate to high cardiovascular risk, such as diabetic patients,
remains unknown. We found only one publication that assessed the role
of greenness on the cardiovascular health of people with type 2 diabetes,
and observed no significant associations (Astell-Burt et al., 2021).

Patients with diabetes are a targeted group in primary prevention of
CVD because they are, on average, at double the risk of CVD compared
to the general population (Sarwar et al., 2010). To reduce such increased
cardiovascular risk in diabetic patients, clinical guidelines recommend
managing lifestyles - improving diet and engaging in regular physical
exercise -and controlling glucose by reducing glycated hemoglobin
levels (Piepoli et al., 2016). Some evidence supports the association of
higher exposure to greenness with lower levels of glucose (Yang et al.,
2019) and reduced diabetes prevalence in the general population (Fan
et al., 2019), with different effects in men and women (Yang et al.,
2019). Therefore, we hypothesized that higher levels of exposure to
greenness might reduce the risk of cardiovascular disease in persons
with diabetes, and that this association would differ between men and
women. We aimed to evaluate the relationship between urban greenness
and myocardial infarction incidence in persons with diabetes mellitus
who lived in the city of Barcelona (Catalonia, Spain). Additionally, we
will examine sex differences in such association.

2. Material and methods

This retrospective cohort study was approved by the Ethics Com-
mittee from the Fundaci6 Institut Universitari per a la recerca a 1’ Atencid
Primaria de Salut Jordi Gol i Gurina (IDIAPJGol) (code: P15/072).

2.1. Study population and follow-up

We included persons with diabetes who were registered in the Sys-
tem for the Development of Research in Primary Care (SIDIAP database)
(Bolibar et al., 2012), which is a database specifically designed for
biomedical research. SIDIAP contains pseudonymized longitudinal
medical records of 6 million patients attended by the Catalan Institute of
Health (80% of the Catalan population and 12% of the Spanish
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population). SIDIAP comprises clinical and referral events registered in
electronic medical records, including comprehensive demographic in-
formation, clinical diagnoses, or tests. Diagnostic codes are recorded in
SIDIAP using the International Classification of Diseases, 10th revision
(ICD-10), and pharmacological treatments using the Anatomical Thera-
peutic Chemical Classification System (ATC codes). SIDIAP data is repre-
sentative of the population of Catalonia in terms of geographic, age, and
sex distributions (Garcia-Gil et al., 2011), and records of cardiovascular
risk factors and diseases had been externally validated (Ramos et al.,
2012).

We identified diabetic persons as those who had a diagnosis for type
2 diabetes mellitus (ICD-10 codes: E11). We included persons aged at
least 18 years old, who lived in the city of Barcelona (Catalonia, Spain),
and were registered in SIDIAP on January 1, 2011. We excluded persons
with a previous history of cardiovascular disease (ICD-10 codes:
120-125, 160-164, G45-G46, 173, 150, 111.0, 113.0, 113.2).

Follow-up started on January 1, 2011, and censoring was applied at
the earliest of the following events: death, transfer from SIDIAP, acute
myocardial infarction, or end of the study period (December 31, 2014).

2.2. Variables

Exposure was the abundance of greenness, in particular, the
Normalized Difference Vegetation Index (NDVI) within an area that
included not only the census tract, but also a buffer of 300 m around the
census tract. The NDVI is an indicator based on the difference between
visible red and near-infrared surface reflectance; values range from —1
to +1, with higher values indicating more greenness (NASA, 2000).
NDVI data were obtained from the Landsat 8 satellite. We used
cloud-free images at a spatial resolution of 30 m during the greenest
season (April to July) to obtain annual estimates of NDVI during
2010-2014.

The outcome was first ever occurrence of acute myocardial infarction
recorded in the SIDIAP database (ICD-10 codes: 121-123). The outcome
was measured at individual level, as well as the following covariates:
age, sex (women, men), body mass index (kg/mz), hypertension (ICD-10
codes: 110-113, H35), dyslipidemia (ICD-10 codes: E78), and tobacco
consumption (smoker, ex-smoker and non-smoker). Covariates at census
tract level included deprivation MEDEA index (Dominguez-Berjon,
2008) — which has proven predictive validity (Garcia-Gil et al., 2014) -
and the following environmental variables (Nieuwenhuijsen et al.,
2018): air pollution (mean annual concentrations (pg/mB) of PMj 5 and
NOy); daytime traffic noise levels, estimated using the Barcelona’s
strategic noise map (700-2300 h; LAeq 16 h) (Generalitat de Catalunya,
2012); and walkability, using a self-made normalized score with popu-
lation density, street connectivity, and land use composite as indicators
(—4.8 — 11.5) (Frank et al., 2006).

From each individual, we obtained the census tract of their resi-
dence. Clinical data at individual level was linked with exposure and
other environmental variables measured at census tract level. There
were 1061 census tracts in Barcelona, with a median size of 3.6 ha and a
mean population of 1523 inhabitants.

2.3. Statistical analyses

We described categorical and continuous variables using absolute
and relative frequencies, and mean and standard deviation, respectively.
We calculated the Pearson correlation coefficient and we drew scatter
plots to study collinearity between continuous variables. Furthermore,
we performed mediation analyses to quantify the contribution of a given
variable as mediator of the association between residential greenness
and incidence of myocardial infarction. In particular, we considered
hypertension, dyslipidemia, body mass index, air pollution, and noise as
potential mediators because some studies reported them as mediators
between greenness exposure and health outcomes (Huang et al., 2020;
Orioli et al., 2019; Yitshak-Sade et al., 2017). We assessed mediation
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effects using the approach proposed by Baron and Kenny (1986), which
includes three models: 1) Y =X; 2) M =X; 3) Y = X + M, where Y is the
outcome (myocardial infarction), X is the independent variable (NDVI),
and M is the mediator (BMI, dyslipidemia, hypertension, concentration
of PMy 5, concentration of NOy, or noise) (Supplementary Figure 1).
Possible mediators were tested one at a time. We considered that a
variable was a mediator when it could be part of the causal chain. Sig-
nificant associations were observed in the second and third models, and
the magnitude of the association between NDVI and myocardial
infarction in the first model was higher than in the third.

We used Cox proportional hazards regression models with time-
dependent exposures to estimate associations between annual green-
ness indicators and cardiovascular diseases. First, we calculated unad-
justed hazard ratios (HRs); then, we calculated adjusted HRs by
sequentially adding the following covariates: age and sex (model A),
deprivation (model B); hypertension, dyslipidemia, body mass index,
and tobacco consumption (model C); and finally we added all environ-
mental variables (annual geometric mean concentration of PMy 5 (ug/
m?’), annual geometric mean concentration of NO, (pg/mg), geometric
mean of daytime noise level (5 dB(A)), and walkability). The propor-
tionality of hazards assumption was tested. We ran models including the
interaction term (0.01 NDVI increase *sex) for the whole study popu-
lation and we also stratified the models by sex. We conducted sensitivity
analyses by excluding people who changed their residency to another
census tract during follow-up. Statistical significance was considered at
p-values < 0.05. All data analyses were conducted using the package R
Core Team (2020) (R Development Core Team, 2018).

3. Results

We identified 41,463 persons who had a diagnosis of type 2 diabetes
mellitus recorded in SIDIAP on January 1, 2011. Non-smokers and pa-
tients with hypertension were predominant in the study; mean age was
68.8 years (SD, 11.9). A detailed description of the demographic char-
acteristics, cardiovascular risk factors and environmental variables are
shown in Table 1.

Over approximately 154,803.85 person-years of follow-up, we
observed 449 incident cases of acute myocardial infarction, with an
incidence rate of 29 per 10,000 person-years. Within women, we
observed 154 cases during 77,769.35 person-years of follow-up, and the
incidence rate was 19.8 per 10,000 person-years; the corresponding
figures for men were 295 cases in 77,034.5 person-years of follow-up,
and the incidence rate was 38.29 per 10,000 person-years.

Greenness abundance at census tract level was generally low: geo-
metric mean of NDVI was 0.13; and quartiles 1 and 3 for NDVI were 0.12
and 0.15, respectively. Traffic noise and air pollution levels were much
higher than those in the WHO guidelines (Table 1). The correlation
between the different exposure variables and some of the covariates was
generally low to moderate, with some exceptions (Table 2). Mediation
analyses provided no significant results (Supplementary Table 1), which
indicated that, in our study, the association between greenness abun-
dance and incidence of myocardial infarction might not be mediated by
any of the evaluated covariates. In this diabetic population, we observed
that each 0.01 increment of NDVI was associated with a 6% decrease
(HR = 0.94; 95%CI 0.89-0.99) in the fully-adjusted risk of developing a
myocardial infarction (Table 3). Detailed results of the fully-adjusted
model are shown in the Supplement (Supplementary Table 2). Results
of models sequentially adjusted by demographic characteristics, car-
diovascular risk factors, and environmental variables are provided in
Table 3. The interaction between sex and NDVI increase was not sig-
nificant (P > 0.544).

When stratifying by sex, we observed a significant effect only in men:
in the fully-adjusted model the HR was 0.91 (95%CI 0.86-0.97) in men
and 0.99 (95%CI 0.92-1.08) in women (Table 3). Detailed results of the
full-adjusted models stratified by sex are shown in the Supplementary
Table 2. In women, none of the models showed significant results
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Table 1
Description of clinical and environmental variables.
Variables All Population Women Men
N = 41,463 N = 20,758 N = 20,705
Health factors
Age, mean(sd) 68.8 (11.9) 71.0 (11.6) 66.6 (11.8)

SmokKing, n(o)
Never-Smokers
Smokers 6685 (16.1%)
Ex-Smokers 6272 (15.1%)

Deprivation MEDEA index, n()
1st Quintile 11,203 (27.0%)
2nd Quintile 10,609 (25.6%)
3rd Quintile 7352 (17.7%)
4th Quintile 6160 (14.9%)
5th Quintile 6139 (14.8%)

Dyslipidemia, n(o) 20,314 (49.0%)

Hypertension, (o) 27,334 (65.9%)

28,506 (68.8%) 17,769 (85.6%)
1666 (8.0%)

1323 (6.4%)

10,737 (51.9%)
5019 (24.2%)
4949 (23.9%)

5293 (25.5%)
5223 (25.2%)
3740 (18.0%)
3220 (15.5%)
3282 (15.8%)
10,847 (52.3%)
14,856 (71.6%)

5910 (28.5%)
5386 (26.0%)
3612 (17.4%)
2940 (14.2%)
2857 (13.8%)
9467 (45.7%)
12,478 (60.3%)

Body Mass Index, mean(sd) 30.0 (5.1) 30.9 (5.6) 29.2 (4.3)
Years since diagnosis of 6.2 (5.1) 6.4 (5.2) 5.9 (5.0)
diabetes, mean(sd)
Environmental factors
NDVI, gm(01-03) 0.13 0.13 0.13
(0.12-0.15) (0.12-0.15) (0.12-0.15)
Mean annual 52.65 52.54 52.76

concentration of NO, (47.63-59.19) (47.59-59.20) (47.68-59.18)
(5 pg/m>), om1-09)

Mean annual 15.90 15.87 15.92
concentration of PM, 5 (14.84-17.56) (14.83-17.51) (14.85-17.60)
(5 pg/m>), om01-09)

Daytime noise average 64.16 64.05 64.27
level (5 dB(A)), gm(o1- (61.79-66.78) (61.71-66.66) (61.91-66.88)
Q3)

Walkability, gmq1-03) 1.53 1.56 1.50

(—0.80-2.30) (—0.80-2.30) (—0.80-2.30)

GM(Q1-Q3): geometric mean (quartile 1 — quartile 3).

Table 2
Correlation matrix for environmental variables.
NDVI PM, 5 NO, Traffic Noise Walkability
NDVI 1.0 —0.600 —0.557 —0.258 —0.476
PM; 5 —0.600 1.0 0.818 0.418 0.252
NO, —0.557 0.818 1.0 0.309 0.332
Traffic Noise —0.258 0.418 0.309 1.0 0.020
Walkability —0.476 0.252 0.332 0.020 1.0
(Table 3).

Sensitivity analyses were conducted by restricting the population to
those who did not move to another census tract during the follow-up (n
= 40,804) - that is, excluding 659 movers. Sensitivity analyses showed
consistent results (Supplementary Table 3).

4. Discussion

This is the first study to report that persons with diabetes living in
cities might benefit from high levels of residential greenness. In partic-
ular, we observed that increasing NDVI levels were associated with a risk
reduction in the incidence of acute myocardial infarction in persons with
diabetes. Furthermore, we observed that the potential benefits of
greenness differed between sexes: the association between greenness
and incidence of myocardial infarction was significant only in men.

Literature about the effect of greenness in the diabetic population is
currently limited to one single study conducted in Australia. The authors
observed a non-significant risk reduction of acute myocardial infarction
of 3%, related to a 10% increase in tree canopy (Astell-Burt et al., 2021).
Therefore, our results provide a novel contribution because we found
significance in the associations between higher levels of NDVI and a
reduced risk of myocardial infarction. Moreover, our findings are in line
with one study conducted in Israel that reported a negative association
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Table 3
Hazard ratios (95% confidence intervals) for a 0.01 increase in NDVI.
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Population Unadjusted Adjusted models
del
models Model A (adjusted by age and/  Model B (Model A + Model C (Model B + CV risk Model D (Model C + environmental
or sex) deprivation) factors™) variables”)
Entire 0.97 (0.94-1.00) 0.97 (0.94-1.00) 0.97 (0.93-1.00) 0.97 (0.94-1.00) 0.94 (0.89-0.99)
population
Women 0.98 (0.93-1.03) 0.98 (0.93-1.04) 0.98 (0.93-1.04) 0.98 (0.93-1.04) 0.99 (0.92-1.08)
Men 0.96 (0.92-1.01) 0.96 (0.92-1.01) 0.96 (0.92-1.01) 0.96 (0.92-1.01) 0.91 (0.86-0.97)

@ Cardiovascular risk factors included: hypertension, body mass index, dyslipidemia, and tobacco consumption.
b Environmental variables included: mean annual concentration of PM, 5 (pg/rn3), mean annual concentration of NOy (pg/rn3), daytime noise average level (5 dB

(A)), and walkability.

between NDVI and the onset of myocardial infarction (odds ratio = 0.72;
95%CI 0.61-0.85) in patients with at least one cardiovascular risk factor
(dyslipidemia, diabetes, hypertension, or smoking habit) (Yitshak-Sade
et al., 2017).

The association between greenness and reduced onset of cardiovas-
cular disease (Nieuwenhuijsen et al., 2017; Richardson and Mitchell,
2010; Thiering et al., 2016) has been explained by the benefits of both
direct and indirect effects of exposure to green vegetation. Direct effects
of greenness have been related to the innate biophilic tendencies of
human beings to seek connections with nature and non-human life
(Yeager et al., 2019). Indirect effects have been related to the presence of
mediator effects, such as stress reduction, social cohesion, sunlight
exposure, or physical activity (Groenewegen et al., 2012; Jia et al.,
2018). Some of the mediator effects might be of special relevance for the
diabetic population. For example, physical activity is one of the main
goals in the management of diabetes. In the primary care centers of the
Catalan Institute of Health, patients with diabetes are formally advised
to engage in moderate exercise, such as walking or cycling at least 150
min per week (Mata et al., 2013). In fact, in Spain, the population with
diabetes showed higher levels of physical activity than the general
population, mainly attributed to their more frequent walks (Murillo
et al., 2008). In urban environments, patients with diabetes or cardio-
vascular conditions used parks more frequently than healthy people,
suggesting that they might be more exposed to greenness than the
general population (Lee, 2018).

We found that the association between greenness and reduced risk of
myocardial infarction was significant in men, but not in women. As the
interaction term was not significant, one may argue that these results
could be due to a low powered sample size in women or a chance sig-
nificant result in men. However, a sex-and-gender dependent association
between greenness and cardiovascular health could be explained by
three main mechanisms. First, the reduction in the risk of developing a
myocardial infarction might be stronger in high-risk groups. The car-
diovascular guidelines for clinical practice state that individuals at
highest risk gain the most from preventive efforts (Piepoli et al., 2016).
In line with previous literature, we found that the incidence of
myocardial infarction in men doubled the incidence in women
(Lopez-de-Andres et al., 2021), and thus they might achieve higher risk
reduction from being exposed to greenness than women. Other studies
have also reported higher benefits of greenness exposure in men; in
particular, the associations between fasting glucose or fasting insulin
and greenness were stronger in men than in women according to a study
in Chinese general population (Yang et al., 2019). Second, exposure to
greenness might be lower in women than in men in our study area. We
used residential greenness as exposure, which has been related to park
use -people living closer to the park tend to visit it more often (Cohen
etal., 2007; Richardson and Mitchell, 2010). Evidence suggests that men
are more exposed to greenness because they visit parks more often than
women (Cohen et al., 2007; Evenson et al., 2016). In Barcelona, a study
estimated that 55% of park visitors were men, and the remaining 45%
were women (Pérez-Tejera et al., 2018); even though, according to the
census, 47% of the citizens in Barcelona are men and 53% are women.

Women might visit parks less often, partly due to acute concerns about
their personal safety when visiting green spaces on their own
(Richardson and Mitchell, 2010), which seems to explain why women
tend to visit parks in groups (Pérez-Tejera et al., 2018). Third, activities
performed in the green areas might differ between men and women.
Men tend to spend more time doing physical activity when visiting parks
(Derose et al., 2018), whilst most women use parks mainly following the
traditional gender role as caregivers of children and/or elders (Cohen
et al., 2007). In Barcelona, men not only are more physically active
when visiting parks (18.9% vs 11.8%), but also perform more vigorous
exercises than women (14.1% vs 1.8%) (Pérez-Tejera et al.,, 2018).
Women tend to go to the parks more often after school has finished, they
are more likely to be close to playground areas, and more frequently
involved in groups with children, adolescents, or elders (Pérez-Tejera
et al., 2018).

Our results indicate that the association between greenness abun-
dance and incidence of myocardial infarction was not mediated by other
variables. This finding is in line with other studies that neither detected
any mediation of BMI (Xie et al., 2020), air pollution (Jimenez et al.,
2020), or traffic noise (Dzhambov et al., 2018) in the association be-
tween greenness and different health outcomes. But literature provides
controversial results; other analysis identified BMI, air pollution (Asta
et al., 2021), dyslipidemia (Yitshak-Sade et al., 2017), physical activity
(Dadvand et al., 2016), or hypertension (Yang et al., 2020) as mediators
when studying the relationship between greenness and health outcomes.
Therefore, more studies are needed to better understand the pathways
involved in the relationship between greenness and myocardial infarc-
tion, especially in high cardiovascular risk populations such as people
diagnosed with diabetes, and including considerations for men and
women.

We found an unexpected inverse association between the concen-
tration of PMy 5 and the incidence of myocardial infarction. This result
disagrees with previous consistent evidence on the positive association
between the concentration of PM; 5 and the risk of suffering myocardial
infarction and other cardiovascular outcomes (Yang et al., 2021). Re-
sidual confounding of unmeasured variables could explain the inverse
association detected in our analysis.

This study has several strengths. One is its large sample size (more
than 40,000 persons), which is highly representative of the diabetic
population. Even more, we used NDVI satellite data to assess greenness,
to provide updated data on green vegetation abundance within the
follow-up period. Finally, we adjusted for both the main cardiovascular
risk factors and the main environmental variables related to air pollu-
tion, traffic noise, and walkability.

We acknowledge some study limitations. First, there could be some
residual confounding due to unobserved variables or eventual mediators
such as physical activity (Dadvand et al., 2016). Second, exposure to
greenness was not assessed at individual level and therefore we could
not consider time spent in greenspaces or frequency of visits. However,
we assessed greenness at a census tract level, which is a method that has
been successfully implemented in several studies (i.e. (Nieuwenhuijsen
et al.,, 2018; Wang et al., 2019; Yitshak-Sade et al., 2017). Third, NDVI
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provided data about abundance of greenness, but it is not informative
about the type or quality of vegetation, which have been reported to
provide health benefits (van den Berg et al., 2015). Fourth, we used a
unique 300-m buffer to assess greenness abundance. The size of the
buffer used to assess greenness abundance could affect the strength of
the association between greenness and the health outcome (Klomp-
maker et al., 2018), but we did not have information on several buffers.

Our findings indicate that general practitioners and nurses could
encourage patients diagnosed with diabetes living in urban environ-
ments to spent time outdoor and exercise in areas with green vegetation.
These recommendations would contribute to improve their health and
reduce the huge economic burden of diabetes in the public health sys-
tems. Besides, our findings highlight the importance of not assuming sex
or gender equality regarding the health benefits of greenness, and calls
to explore specific biological differences between sexes, as well as spe-
cific necessities in both genders — or even to consider non-binary gen-
ders. We recommend expanding and connecting areas with green
vegetation within cities, and making them accessible and safe in terms of
security for both men and women. Further research is needed to better
understand the effect of greenness in patients with diabetes and, in
particular, the role of physical activity in this association. The significant
associations between greenness abundance and myocardial infarction
only in men should also be further assessed. We hypothesized that this
might be partially explained by the higher cardiovascular risk in men.
The question arises as to whether a similar tendency - that is, stronger
associations between greenness and myocardial infarction in groups
with higher cardiovascular risk - occurs in other populations, for
example, in persons without diabetes.

5. Conclusions

We conclude that persons diagnosed with type 2 diabetes mellitus
living in cities could benefit from reduced risk of acute myocardial
infarction if their residence was surrounded by high levels of greenness.
Furthermore, we observed that sex and/or gender might play a role in
the relationship between greenness exposure and myocardial infarction
incidence because the effect was significant only in men.

Funding source

This work was supported by the Agency for Management of Uni-
versity and Research Grants (AGAUR) and from Carlos III Health Insti-
tute of the Ministry of Economy and Competitiveness (Spain) through
the Net for Research in Preventive Activities and Health Enhancement
(RedIAPP RD16/0007,/0004) framework; and by the Agency for Man-
agement of University and Research Grants (2017 SGR 1146) (Catalonia,
Spain).

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.envres.2021.112449.

References

Asta, F., Michelozzi, P., Cesaroni, G., De Sario, M., Davoli, M., Porta, D., 2021. Green
spaces and cognitive development at age 7 years in a rome birth cohort: the
mediating role of nitrogen dioxide. Environ. Res. 196, 110358 https://doi.org/
10.1016/j.envres.2020.110358.

Astell-Burt, T., Navakatikyan, M.A., Walsan, R., Davis, W., Figtree, G., Arnolda, L.,
Feng, X., 2021. Green space and cardiovascular health in people with type 2

Environmental Research 205 (2022) 112449

diabetes. Health Place 69, 102554. https://doi.org/10.1016/j.
healthplace.2021.102554.

Baron, R.M., Kenny, D.A., 1986. The moderator-mediator variable distinction in social
psychological research: conceptual, strategic, and statistical considerations. J. Pers.
Soc. Psychol. 51, 1173-1182. https://doi.org/10.1037//0022-3514.51.6.1173.

Bolibar, B., Fina Avilés, F., Morros, R., Garcia-Gil, M., del, M., Hermosilla, E., Ramos, R.,
Rosell, M., Rodriguez, J., Medina, M., Calero, S., Prieto-Alhambra, D., 2012. [SIDIAP
database: electronic clinical records in primary care as a source of information for
epidemiologic research]. Med. Clin. 138, 617-621. https://doi.org/10.1016/j.
medcli.2012.01.020.

Bolte, G., Nanninga, S., Dandolo, L., 2019. Sex/gender differences in the association
between residential green space and self-rated health-A sex/gender-focused
systematic review. Int. J. Environ. Res. Publ. Health 16. https://doi.org/10.3390/
ijerph16234818.

Bowler, D.E., Buyung-Ali, L.M., Knight, T.M., Pullin, A.S., 2010. A systematic review of
evidence for the added benefits to health of exposure to natural environments. BMC
Publ. Health 10, 456. https://doi.org/10.1186,/1471-2458-10-456.

Cohen, D.A., McKenzie, T.L., Sehgal, A., Williamson, S., Golinelli, D., Lurie, N., 2007.
Contribution of public parks to physical activity. Am. J. Publ. Health 97, 509.
https://doi.org/10.2105/AJPH.2005.072447.

Crouse, D.L., Pinault, L., Balram, A., Brauer, M., Burnett, R.T., Martin, R.V., Van
Donkelaar, A., Villeneuve, P.J., Weichenthal, S., 2019. Complex relationships
between greenness, air pollution, and mortality in a population-based Canadian
cohort. Environ. Int. 128, 292-300. https://doi.org/10.1016/j.envint.2019.04.047.

Dadvand, P., Bartoll, X., Basagana, X., Dalmau-Bueno, A., Martinez, D., Ambros, A.,
Cirach, M., Triguero-Mas, M., Gascon, M., Borrell, C., Nieuwenhuijsen, M.J., 2016.
Green spaces and General Health: roles of mental health status, social support, and
physical activity. Environ. Int. 91, 161-167. https://doi.org/10.1016/].
envint.2016.02.029.

Derose, K.P., Han, B., Williamson, S., Cohen, D.A., 2018. Gender disparities in park use
and physical activity among residents of high-poverty neighborhoods in Los Angeles.
Women’s Heal. Iss. 28, 6-13. https://doi.org/10.1016/J.WHI.2017.11.003.

Dominguez-Berjon, M.F., 2008. Construccion de un indice de privacion a partir de datos
censales en grandes ciudades espanolas (Proyecto MEDEA). Gac. Sanit. 22, 179-187.

Dzhambov, A.M., Dimitrova, D.D., 2014. Urban green spaces’ effectiveness as a
psychological buffer for the negative health impact of noise pollution: a systematic
review. Noise Health 16 (70), 157-165. http://doi:10.4103/1463-1741.134916.

Dzhambov, A.M., Markevych, 1., Lercher, P., 2018. Greenspace seems protective of both
high and low blood pressure among residents of an Alpine valley. Environ. Int. 121,
443-452. https://doi.org/10.1016/j.envint.2018.09.044.

Evenson, K.R., Jones, S.A., Holliday, K.M., Cohen, D.A., McKenzie, T.L., 2016. Park
characteristics, use, and physical activity: a review of studies using SOPARC (System
for Observing Play and Recreation in Communities). Prev. Med. 86, 153-166.
https://doi.org/10.1016/j.ypmed.2016.02.029.

Fan, S., Xue, Z., Yuan, J., Zhou, Z., Wang, Y., Yang, Z., Yang, B., Dong, G., Zhang, Z.,
2019. Associations of residential greenness with diabetes mellitus in Chinese Uyghur
adults. Int. J. Environ. Res. Publ. Health 16 (24), 5131. https://doi.org/10.3390/
ijerph16245131.

Fong, K.C., Hart, J.E., James, P., 2018. A review of epidemiologic studies on greenness
and health: updated literature through 2017. Curr. Environ. Heal. Rep. 5, 77-87.
https://doi.org/10.1007/s40572-018-0179-y.

Frank, L.D., Sallis, J.F., Conway, T.L., Chapman, J.E., Saelens, B.E., Bachman, W., 2006.
Many pathways from land use to health: associations between neighborhood
walkability and active transportation, body mass index, and air quality. J. Am.
Plann. Assoc. 72, 75-87. https://doi.org/10.1080/01944360608976725.

Garcia-Gil, M. del M., Hermosilla, E., Prieto-Alhambra, D., Fina, F., Rosell, M., Ramos, R.,
Rodriguez, J., Williams, T., Van Staa, T., Bolibar, B., 2011. Construction and
validation of a scoring system for the selection of high-quality data in a Spanish
population primary care database (SIDIAP). Inf. Prim. Care 19, 135-145. https://
doi.org/10.14236/jhi.v19i3.806.

Garcia-Gil, M. del M., Elorza, J.M., Banque, M., Comas-Cufi, M., Blanch, J., Ramos, R.,
Méndez-Boo, L., Hermosilla, E., Bolibar, B., Prieto-Alhambra, D., 2014. Linking of
primary care records to census data to study the association between socioeconomic
status and cancer incidence in Southern Europe: a nation-wide ecological study.
PLoS One 9 (10), €109706. https://doi.org/10.1371/journal.pone.0109706.

Gascon, M., Triguero-Mas, M., Martinez, D., Dadvand, P., Rojas-Rueda, D., Plaséncia, A.,
Nieuwenhuijsen, M.J., 2016. Residential green spaces and mortality: a systematic
review. Environ. Int. 86, 60-67. https://doi.org/10.1016/j.envint.2015.10.013.

Generalitat, de Catalunya, 2012. Mapes Estrategics D’aglomeracions - 2a Fase.
Departament de Territori i Sostenibilitat [WWW Document]. URL, 11.12.20. http
://mediambient.gencat.cat/ca/05_ambits_dactuacio/atmosfera/contaminacio_acusti
ca/gestio_ambiental del soroll/mapes_de_soroll/mapes_estrategics_de_soroll
/mapes_estrategics_d_aglomeracions/mapes_estrategics_aglomeracions_2a fase/.

Groenewegen, P.P., van den Berg, A.E., Maas, J., Verheij, R.A., de Vries, S., 2012. Is a
green residential environment better for health? If so, why? Ann. Assoc. Am. Geogr.
102, 996-1003. https://doi.org/10.1080/00045608.2012.674899.

Hobbs, M., Marek, L., Wiki, J., Campbell, M., Deng, B.Y., Sharpe, H., McCarthy, J.,
Kingham, S., 2020. Close proximity to alcohol outlets is associated with increased
crime and hazardous drinking: pooled nationally representative data from New
Zealand. Health Place 65, 102397. https://doi.org/10.1016/j.
healthplace.2020.102397.

Huang, W.Z., Yang, B.Y., Yu, H.Y., Bloom, M.S., Markevych, 1., Heinrich, J., Knibbs, L.D.,
Leskinen, A., Dharmage, S.C., Jalaludin, B., Morawska, L., Jalava, P., Guo, Y., Lin, S.,
Zhou, Y., Liu, R.Q., Feng, D., Hu, L.W., Zeng, X.W., Hu, Q., Yu, Y., Dong, G.H., 2020.
Association between community greenness and obesity in urban-dwelling Chinese


https://doi.org/10.1016/j.envres.2021.112449
https://doi.org/10.1016/j.envres.2021.112449
https://doi.org/10.1016/j.envres.2020.110358
https://doi.org/10.1016/j.envres.2020.110358
https://doi.org/10.1016/j.healthplace.2021.102554
https://doi.org/10.1016/j.healthplace.2021.102554
https://doi.org/10.1037//0022-3514.51.6.1173
https://doi.org/10.1016/j.medcli.2012.01.020
https://doi.org/10.1016/j.medcli.2012.01.020
https://doi.org/10.3390/ijerph16234818
https://doi.org/10.3390/ijerph16234818
https://doi.org/10.1186/1471-2458-10-456
https://doi.org/10.2105/AJPH.2005.072447
https://doi.org/10.1016/j.envint.2019.04.047
https://doi.org/10.1016/j.envint.2016.02.029
https://doi.org/10.1016/j.envint.2016.02.029
https://doi.org/10.1016/J.WHI.2017.11.003
http://refhub.elsevier.com/S0013-9351(21)01750-3/sref11
http://refhub.elsevier.com/S0013-9351(21)01750-3/sref11
http://doi:10.4103/1463-1741.134916
https://doi.org/10.1016/j.envint.2018.09.044
https://doi.org/10.1016/j.ypmed.2016.02.029
https://doi.org/10.3390/ijerph16245131
https://doi.org/10.3390/ijerph16245131
https://doi.org/10.1007/s40572-018-0179-y
https://doi.org/10.1080/01944360608976725
https://doi.org/10.14236/jhi.v19i3.806
https://doi.org/10.14236/jhi.v19i3.806
https://doi.org/10.1371/journal.pone.0109706
https://doi.org/10.1016/j.envint.2015.10.013
http://mediambient.gencat.cat/ca/05_ambits_dactuacio/atmosfera/contaminacio_acustica/gestio_ambiental_del_soroll/mapes_de_soroll/mapes_estrategics_de_soroll/mapes_estrategics_d_aglomeracions/mapes_estrategics_aglomeracions_2a_fase/
http://mediambient.gencat.cat/ca/05_ambits_dactuacio/atmosfera/contaminacio_acustica/gestio_ambiental_del_soroll/mapes_de_soroll/mapes_estrategics_de_soroll/mapes_estrategics_d_aglomeracions/mapes_estrategics_aglomeracions_2a_fase/
http://mediambient.gencat.cat/ca/05_ambits_dactuacio/atmosfera/contaminacio_acustica/gestio_ambiental_del_soroll/mapes_de_soroll/mapes_estrategics_de_soroll/mapes_estrategics_d_aglomeracions/mapes_estrategics_aglomeracions_2a_fase/
http://mediambient.gencat.cat/ca/05_ambits_dactuacio/atmosfera/contaminacio_acustica/gestio_ambiental_del_soroll/mapes_de_soroll/mapes_estrategics_de_soroll/mapes_estrategics_d_aglomeracions/mapes_estrategics_aglomeracions_2a_fase/
https://doi.org/10.1080/00045608.2012.674899
https://doi.org/10.1016/j.healthplace.2020.102397
https://doi.org/10.1016/j.healthplace.2020.102397

A. Ponjoan et al.

adults. Sci. Total Environ. 702, 135040. https://doi.org/10.1016/j.
scitotenv.2019.135040.

James, P., Banay, R.F., Hart, J.E., Laden, F., 2015. A review of the health benefits of
greenness. Curr. Epidemiol. Rep. 2, 131-142. https://doi.org/10.1007/540471-015-
0043-7.

Jennings, V., Gragg, R.S., Brown, C.P., Hartel, D., Kuehler, E., Sinykin, A., Johnson, E.,
Kondo, M., 2019. Structural characteristics of tree cover and the association with
cardiovascular and respiratory health in Tampa, FL. J. Urban Health 96, 669-681.
https://doi.org/10.1007/511524-019-00380-2.

Jia, X., Yu, Y., Xia, W., Masri, S., Sami, M., Hu, Z., Yu, Z., Wu, J., 2018. Cardiovascular
diseases in middle aged and older adults in China: the joint effects and mediation of
different types of physical exercise and neighborhood greenness and walkability.
Environ. Res. 167, 175-183. https://doi.org/10.1016/j.envres.2018.07.003.

Jimenez, M.P., Oken, E., Gold, D.R., Luttmann-Gibson, H., Requia, W.J., Rifas-Shiman, S.
L., Gingras, V., Hivert, M.F., Rimm, E.B., James, P., 2020. Early life exposure to
green space and insulin resistance: an assessment from infancy to early adolescence.
Environ. Int. 142, 105849. https://doi.org/10.1016/j.envint.2020.105849.

Klompmaker, J.O., Hoek, G., Bloemsma, L.D., Gehring, U., Strak, M., Wijga, A.H., van
den Brink, C., Brunekreef, B., Lebret, E., Janssen, N.A.H., 2018. Green space
definition affects associations of green space with overweight and physical activity.
Environ. Res. 160, 531-540. https://doi.org/10.1016/j.envres.2017.10.027.

Lee, A.C.K., Maheswaran, R., 2011. The health benefits of urban green spaces: a review of
the evidence. J. Public Health 33, 212-222. https://doi.org/10.1093/pubmed/
fdq068.

Lee, W.S., 2018. Correlation between perception of the physical environment and park
use. Int. J. Appl. Eng. Res. 13, 773-782.

Lopez-de-Andres, A., Jimenez-Garcia, R., Hernandez-Barrera, V., de Miguel-Yanes, J.M.,
Albaladejo-Vicente, R., Villanueva-Orbaiz, R., Carabantes-Alarcon, D., Zamorano-
Leon, J.J., Lopez-Herranz, M., de Miguel-Diez, J., 2021. Are there sex differences in
the effect of type 2 diabetes in the incidence and outcomes of myocardial infarction?
A matched-pair analysis using hospital discharge data. Cardiovasc. Diabetol. 20,
1-14. https://doi.org/10.1186/s12933-021-01273-y.

Ly, Y., Sarkar, C., Xiao, Y., 2018. The effect of street-level greenery on walking behavior:
evidence from Hong Kong. Soc. Sci. Med. 208, 41-49. https://doi.org/10.1016/j.
socscimed.2018.05.022.

Maas, J., van Dillen, S.M.E., Verheij, R.A., Groenewegen, P.P., 2009. Social contacts as a
possible mechanism behind the relation between green space and health. Health
Place 15, 586-595. https://doi.org/10.1016/J. HEALTHPLACE.2008.09.006.

Martins, J., Costa, J., Sarmento, H., Marques, A., Farias, C., Onofre, M., Gonzalez
Valeiro, M., 2021. Adolescents’ perspectives on the barriers and facilitators of
physical activity: an updated systematic review of qualitative studies. https://doi.
org/10.3390/ijerph18094954, 18-4954.

Mata, M., Cos, F.X., Morros, R., Diego, L., Barrot, J., Berengué, M., Brugada, M.,
Carrera, T., Cano, J.F., Estruch, M., Garrido, J.M., Mendoza, G., Mesa, J., Munoz, M.,
Recasens, A., Valles, J., 2013. Abordatge de la diabetis mellitus tipus, vol. 2
(Barcelona).

Mendis, S., Puska, P., Norrving, B., 2011. Global Atlas on Cardiovascular Disease
Prevention and Control. World Health Organization.

Murillo, S., Campillo, J.E., Pérez, A., Gutiérrez, A., Caballero, A, Novials, A., 2008.
Characteristics of physical activity habits in type-2 diabetes patients in Spain. Av. en
Diabetol. 24, 320-326.

NASA, 2000. Measuring vegetation (NDVI & EVI). Normalized difference vegetation
index (NDVI) [WWW Document]. URL 1.21.21. https://earthobservatory.nasa.
gov/features/MeasuringVegetation/measuring_vegetation_2.php.

Nieuwenhuijsen, M., Gascon, M., Martinez, D., Ponjoan, A., Blanch, J., Garcia-Gil, M.,
Ramos, R., Foraster, M., Mueller, N., Espinosa, A., Cirach, M., Khreis, H.,
Dadvand, P., Basagana, X., 2018. Air pollution, noise, blue space, and green space
and premature mortality in Barcelona: a mega cohort. Int. J. Environ. Res. Publ.
Health 15, 2405. https://doi.org/10.3390/ijerph15112405.

Nieuwenhuijsen, M.J., Khreis, H., Triguero-Mas, M., Gascon, M., Dadvand, P., 2017. Fifty
shades of green: pathway to healthy urban living. Epidemiology 28, 63-71. https://
doi.org/10.1097/EDE.0000000000000549.

Orioli, R., Antonucci, C., Scortichini, M., Cerza, F., Marando, F., Ancona, C., Manes, F.,
Davoli, M., Michelozzi, P., Forastiere, F., Cesaroni, G., 2019. Exposure to residential
greenness as a predictor of cause-specific mortality and stroke incidence in the Rome
longitudinal study. Environ. Health Perspect. 127, 27002. https://doi.org/10.1289/
EHP2854.

Pérez-Tejera, F., Valera, S., Anguera, M.T., 2018. Using systematic observation and polar
coordinates analysis to assess gender-based differences in park use in Barcelona.
Front. Psychol. 9, 1-15. https://doi.org/10.3389/fpsyg.2018.02299.

Piepoli, M.F., Hoes, A.W., Agewall, S., Albus, C., Brotons, C., Catapano, A.L., Cooney, M.
T., Corra, U., Cosyns, B., Deaton, C., Graham, 1., Hall, M.S., Hobbs, F.D.R.,

Lgchen, M.L., Lollgen, H., Marques-Vidal, P., Perk, J., Prescott, E., Redon, J.,
Richter, D.J., Sattar, N., Smulders, Y., Tiberi, M., Van Der Worp, H.B., Van Dis, L.,
Verschuren, W.M.M., Binno, S., De Backer, G., Roffi, M., Aboyans, V., Bachl, N.,
Carerj, S., Cho, L., Cox, J., De Sutter, J., Egidi, G., Fisher, M., Fitzsimons, D.,
Franco, O.H., Guenoun, M., Jennings, C., Jug, B., Kirchhof, P., Kotseva, K., Lip, G.Y.
H., Mach, F., Mancia, G., Bermudo, F.M., Mezzani, A., Niessner, A., Ponikowski, P.,
Rauch, B., Stauder, A., Turc, G., Wiklund, O., Windecker, S., Zamorano, J.L.,
Achenbach, S., Badimon, L., Barén-Esquivias, G., Baumgartner, H., Bax, J.J.,

Dean, V., Erol, C., Gaemperli, O., Kolh, P., Lancellotti, P., Nihoyannopoulos, P.,
Torbicki, A., Carneiro, A.V., Metzler, B., Najafov, R., Stelmashok, V., De Maeyer, C.,
Dili¢, M., Gruev, L., Milici¢, D., Vaverkova, H., Gustafsson, L., Attia, 1., Duishvili, D.,
Ferrieres, J., Kostova, N., Klimiashvili, Z., Hambrecht, R., Tsioufis, K., Szabados, E.,
Andersen, K., Vaughan, C., Zafrir, B., Novo, S., Davletov, K., Jashari, F.,
Kerimkulova, A., Mintale, I., Saade, G., Petrulioniene, Z., Delagardelle, C., Magri, C.

Environmental Research 205 (2022) 112449

J., Rudi, V., Oukerraj, L., Colkesen, B.E., Schirmer, H., Dos Reis, R.P., Gherasim, D.,
Nedogoda, S., Zavatta, M., Giga, V., Filipova, S., Padial, L.R., Kiessling, A.,
Mahdhaoui, A., Ural, D., Nesukay, E., Gale, C., 2016. 2016 European Guidelines on
cardiovascular disease prevention in clinical practice. Eur. Heart J. 37, 2315-2381.
https://doi.org/10.1093/eurheartj/ehw106.

Plans, E., Gullon, P., Cebrecos, A., Fontdn, M., Diez, J., Nieuwenhuijsen, M., Franco, M.,
2019. Density of green spaces and cardiovascular risk factors in the city of madrid:
the heart healthy hoods study. Int. J. Environ. Res. Publ. Health 16, 1-12. https://
doi.org/10.3390/ijerph16244918.

Ponjoan, A., Blanch, J., Alves-Cabratosa, L., Lluch, R.M., Comas-Cufi, M., Parramon, D.,
Garcia-Gil, M.M., Ramos, R., Petersen, 1., 2020. Extreme diurnal temperature range
and cardiovascular emergency hospitalisations in a Mediterranean region. Occup.
Environ. Med. 78, 62-68. https://doi.org/10.1136/0emed-2019-106245.

Ponjoan, A., Blanch, J., Alves-Cabratosa, L., Marti-Lluch, R., Comas-Cufi, M.,
Parramon, D., Del Mar Garcia-Gil, M., Ramos, R., Petersen, 1., 2017. Effects of
extreme temperatures on cardiovascular emergency hospitalizations in a
Mediterranean region: a self-controlled case series study. Environ. Heal. A Glob.
Access Sci. Source 16, 32. https://doi.org/10.1186/512940-017-0238-0.

R Development Core Team, 2018. R: A Language and Environment for Statistical
Computing [WWW Document]. Found. Stat. Comput, Vienna, Austria, 9.8.18.
https://www.r-project.org/.

Ramos, R., Balld, E., Marrugat, J., Elosua, R., Sala, J., Grau, M., Vila, J., Bolibar, B.,
Garcia-Gil, M., Marti, R., Fina, F., Hermosilla, E., Rosell, M., Munoz, M.A., Prieto-
Alhambra, D., Quesada, M., 2012. Validity for use in research on vascular diseases of
the SIDIAP (information system for the development of research in primary care):
the EMMA study. Rev. Espanola Cardiol. 65, 29-37. https://doi.org/10.1016/j.
recesp.2011.07.017.

Richardson, E.A., Mitchell, R., 2010. Gender differences in relationships between urban
green space and health in the United Kingdom. Soc. Sci. Med. 71, 568-575. https://
doi.org/10.1016/j.socscimed.2010.04.015.

Rojas-Rueda, D., Nieuwenhuijsen, M.J., Gascon, M., Perez-Leon, D., Mudu, P., 2019.
Green spaces and mortality: a systematic review and meta-analysis of cohort studies.
Lancet Planet. Heal. 3, e469-e477. https://doi.org/10.1016/52542-5196(19)30215-
3.

Sarwar, N., Gao, P., Kondapally Seshasai, S.R., Gobin, R., Kaptoge, S., Di
Angelantonio, E., Ingelsson, E., Lawlor, D.A., Selvin, E., Stampfer, M., Stehouwer, C.
D.A., Lewington, S., Pennells, L., Thompson, A., Sattar, N., White, LR., Ray, K.K.,
Danesh, J., Tipping, R.W., Ford, C.E., Pressel, S.L., Folsom, A.R., Chambless, L.E.,
Wagenknecht, L.E., Panagiotakos, D.B., Pitsavos, C., Chrysohoou, C., Stefanadis, C.,
Knuiman, M., Whincup, P.H., Wannamethee, S.G., Morris, R.W., Kiechl, S.,

Willeit, J., Oberhollenzer, F., Mayr, A., Wald, N., Ebrahim, S., Yarnell, JW.,
Gallacher, J., Casiglia, E., Tikhonoff, V., Nietert, P.J., Sutherland, S.E., Bachman, D.
L., Keil, J.E., de Boer, I.H., Kizer, J.R., Mukamal, K.J., Tybjerg-Hansen, A.,
Nordestgaard, B.G., Benn, M., Frikke-Schmidt, R., Giampaoli, S., Palmieri, L.,
Panico, S., Vanuzzo, D., Pilotto, L., Gomez de la Camara, A., Rubio, M.A., Simons, L.,
McCallum, J., Friedlander, Y., Fowkes, F.G.R., Lee, A.J., Taylor, J., Guralnik, J.M.,
Phillips, C.L., Wallace, R., Blazer, D.G., Khaw, K.T., Brenner, H., Raum, E.,

Miiller, H., Rothenbacher, D., Jansson, J.H., Wennberg, P., Nissinen, A.,
Donfrancesco, C., Salomaa, V., Harald, K., Jousilahti, P., Vartiainen, E.,
Woodward, M., D’Agostino, R.B., Vasan, R.S., Fox, C.S., Pencina, M.J., Bladbjerg, E.,
Jorgensen, T., Mgller, L., Jespersen, J., Dankner, R., Chetrit, A., Lubin, F.,
Wilhelmsen, L., Eriksson, H., Svdrdsudd, K., Welin, L., Rosengren, A., Lappas, G.,
Bjorkelund, C., Lissner, L., Bengtsson, C., Cremer, P., Nagel, D., Strandberg, T.E.,
Tilvis, R.S., Miettinen, T.A., Kiyohara, Y., Arima, H., Doi, Y., Ninomiya, T.,
Rodriguez, B., Dekker, J.M., Nijpels, G., Rimm, E., Pai, J.K., Sato, S., Iso, H.,
Kitamura, A., Noda, H., Goldbourt, U., Nyyssonen, K., Tuomainen, T.P., Salonen, J.
T., Deeg, D., Poppelaars, J.L., Meade, T.W., Hedblad, B., Berglund, G., Engstrém, G.,
Verschuren, W.M.M., Blokstra, A., Cushman, M., Psaty, B.M., Shea, S., Doring, A.,
Koenig, W., Meisinger, C., Mraz, W., Bas Bueno-De-Mesquita, H., Fletcher, A.,
Kuller, L.H., Grandits, G., Selmer, R., Tverdal, A., Nystad, W., Gillum, R.,
Mussolino, M., Hankinson, S., Manson, J.E., Cooper, J.A., Bauer, K.A., Davidson, K.
W., Kirkland, S., Shaffer, J., Korin, M.R., Holme, I., Ducimetiere, P., Jouven, X.,
Bakker, S.J.L., Gansevoort, R.T., Hillege, H.L., Crespo, C.J., Garcia Palmieri, M.R.,
Amouyel, P., Arveiler, D., Evans, A., Ferriéeres, J., Schulte, H., Assmann, G.,
Westendorp, R.G., Buckley, B.M., Packard, C.J., Cantin, B., Lamarche, B., Després, J.
P., Dagenais, G.R., Barrett-Connor, E., Wingard, D.L., Bettencourt, R., Gudnason, V.,
Aspelund, T., Sigurdsson, G., Thorsson, B., Trevisan, M., Witteman, J., Kardys, I.,
Breteler, M., Hofman, A., Tunstall-Pedoe, H., Tavendale, R., Lowe, G.D.O.,
Howard, B.V., Zhang, Y., Best, L., Umans, J., Ben-Shlomo, Y., Davey-Smith, G.,
Onat, A., Hergeng, G., Can, G., Njglstad, 1., Mathiesen, E.B., Lochen, M.L.,
Wilsgaard, T., Zethelius, B., Risérus, U., Berne, C., Gaziano, J.M., Ridker, P.,
Ulmer, H., Diem, G., Concin, H., Tosetto, A., Rodeghiero, F., Tinker, L., Liu, S.,
Marmot, M., Clarke, R., Collins, R., Brunner, E., Shipley, M., Buring, J., Shepherd, J.,
Cobbe, S.M., Ford, I., Robertson, M., Marin Ibanez, A., Feskens, E.J.M.,

Kromhout, D., Walker, M., Alexander, M., Erqou, S., Haycock, P., Perry, P.L.,
Thompson, S.G., Watson, S., Wood, A.M., Wormser, D., 2010. Diabetes mellitus,
fasting blood glucose concentration, and risk of vascular disease: a collaborative
meta-analysis of 102 prospective studies. Lancet 375, 2215-2222. https://doi.org/
10.1016/50140-6736(10)60484-9.

Seo, S., Choi, S., Kim, K., Kim, S.M., Park, S.M., 2019. Association between urban green
space and the risk of cardiovascular disease: a longitudinal study in seven Korean
metropolitan areas. Environ. Int. 125, 51-57. https://doi.org/10.1016/j.
envint.2019.01.038.

Thiering, E., Markevych, I., Briiske, I., Fuertes, E., Kratzsch, J., Sugiri, D., Hoffmann, B.,
Von Berg, A., Bauer, C.P., Koletzko, S., Berdel, D., Heinrich, J., 2016. Associations of
residential long-term air pollution exposures and satellite-derived greenness with


https://doi.org/10.1016/j.scitotenv.2019.135040
https://doi.org/10.1016/j.scitotenv.2019.135040
https://doi.org/10.1007/s40471-015-0043-7
https://doi.org/10.1007/s40471-015-0043-7
https://doi.org/10.1007/s11524-019-00380-2
https://doi.org/10.1016/j.envres.2018.07.003
https://doi.org/10.1016/j.envint.2020.105849
https://doi.org/10.1016/j.envres.2017.10.027
https://doi.org/10.1093/pubmed/fdq068
https://doi.org/10.1093/pubmed/fdq068
http://refhub.elsevier.com/S0013-9351(21)01750-3/sref31
http://refhub.elsevier.com/S0013-9351(21)01750-3/sref31
https://doi.org/10.1186/s12933-021-01273-y
https://doi.org/10.1016/j.socscimed.2018.05.022
https://doi.org/10.1016/j.socscimed.2018.05.022
https://doi.org/10.1016/J.HEALTHPLACE.2008.09.006
https://doi.org/10.3390/ijerph18094954
https://doi.org/10.3390/ijerph18094954
http://refhub.elsevier.com/S0013-9351(21)01750-3/sref36
http://refhub.elsevier.com/S0013-9351(21)01750-3/sref36
http://refhub.elsevier.com/S0013-9351(21)01750-3/sref36
http://refhub.elsevier.com/S0013-9351(21)01750-3/sref36
http://refhub.elsevier.com/S0013-9351(21)01750-3/sref37
http://refhub.elsevier.com/S0013-9351(21)01750-3/sref37
http://refhub.elsevier.com/S0013-9351(21)01750-3/sref38
http://refhub.elsevier.com/S0013-9351(21)01750-3/sref38
http://refhub.elsevier.com/S0013-9351(21)01750-3/sref38
https://earthobservatory.nasa.gov/features/MeasuringVegetation/measuring_vegetation_2.php
https://earthobservatory.nasa.gov/features/MeasuringVegetation/measuring_vegetation_2.php
https://doi.org/10.3390/ijerph15112405
https://doi.org/10.1097/EDE.0000000000000549
https://doi.org/10.1097/EDE.0000000000000549
https://doi.org/10.1289/EHP2854
https://doi.org/10.1289/EHP2854
https://doi.org/10.3389/fpsyg.2018.02299
https://doi.org/10.1093/eurheartj/ehw106
https://doi.org/10.3390/ijerph16244918
https://doi.org/10.3390/ijerph16244918
https://doi.org/10.1136/oemed-2019-106245
https://doi.org/10.1186/s12940-017-0238-0
https://www.r-project.org/
https://doi.org/10.1016/j.recesp.2011.07.017
https://doi.org/10.1016/j.recesp.2011.07.017
https://doi.org/10.1016/j.socscimed.2010.04.015
https://doi.org/10.1016/j.socscimed.2010.04.015
https://doi.org/10.1016/S2542-5196(19)30215-3
https://doi.org/10.1016/S2542-5196(19)30215-3
https://doi.org/10.1016/S0140-6736(10)60484-9
https://doi.org/10.1016/S0140-6736(10)60484-9
https://doi.org/10.1016/j.envint.2019.01.038
https://doi.org/10.1016/j.envint.2019.01.038

A. Ponjoan et al.

insulin resistance in German adolescents. Environ. Health Perspect. 124, 1291-1298.
https://doi.org/10.1289/ehp.1509967.

Tonne, C., Adair, L., Adlakha, D., Anguelovski, 1., Belesova, K., Berger, M., Brelsford, C.,
Dadvand, P., Dimitrova, A., Giles-Corti, B., Heinz, A., Mehran, N.,
Nieuwenhuijsen, M., Pelletier, F., Ranzani, O., Rodenstein, M., Rybski, D.,
Samavati, S., Satterthwaite, D., Schondorf, J., Schreckenberg, D., Stollmann, J.,
Taubenbock, H., Tiwari, G., van Wee, B., Adli, M., 2021. Defining pathways to
healthy sustainable urban development. Environ. Int. 146, 106236. https://doi.org/
10.1016/j.envint.2020.106236.

Triguero-Mas, M., Donaire-Gonzalez, D., Seto, E., Valentin, A., Martinez, D., Smith, G.,
Hurst, G., Carrasco-Turigas, G., Masterson, D., van den Berg, M., Ambros, A.,
Martinez-fﬁiguez, T., Dedele, A., Ellis, N., Grazulevicius, T., Voorsmit, M.,

Cirach, M., Cirac-Claveras, J., Swart, W., Clasquin, E., Ruijsbroek, A., Maas, J.,
Jerret, M., Grazulevicieng, R., Kruize, H., Gidlow, C.J., Nieuwenhuijsen, M.J., 2017.
Natural outdoor environments and mental health: stress as a possible mechanism.
Environ. Res. 159, 629-638. https://doi.org/10.1016/J.ENVRES.2017.08.048.

United Nations, Department of Economic and Social Affairs, P.D., 2019. World
Urbanization Prospects 2018 Highlights.

van den Berg, M., Wendel-Vos, W., van Poppel, M., Kemper, H., van Mechelen, W.,
Maas, J., 2015. Health benefits of green spaces in the living environment: a
systematic review of epidemiological studies. Urban For. Urban Green. 14, 806-816.
https://doi.org/10.1016/j.ufug.2015.07.008.

Wang, K., Lombard, J., Rundek, T., Dong, C., Gutierrez, C.M., Byrne, M.M., Toro, M.,
Nardi, M.I., Kardys, J., Yi, L., Szapocznik, J., Brown, S.C., 2019. Relationship of
neighborhood greenness to heart disease in 249 405 US medicare beneficiaries.

J. Am. Heart Assoc. 8, €010258 https://doi.org/10.1161/JAHA.118.010258.

Xie, Y., Xiang, H., Di, N., Mao, Z., Hou, J., Liu, X., Huo, W., Yang, B., Dong, G., Wang, C.,
Chen, G., Guo, Y., Li, S., 2020. Association between residential greenness and sleep
quality in Chinese rural population. Environ. Int. 145, 106100. https://doi.org/
10.1016/j.envint.2020.106100.

Environmental Research 205 (2022) 112449

Yang, L., Zhang, Y., Qi, W., Zhao, T., Zhang, L., Zhou, L., Ye, L., 2021. Adverse effects of
PM 2.5 on cardiovascular diseases. Rev. Environ. Health. https://doi.org/10.1515/
reveh-2020-0155.

Yang, B.Y., Hu, L.W., Jalaludin, B., Knibbs, L.D., Markevych, I., Heinrich, J., Bloom, M.S.,
Morawska, L., Lin, S., Jalava, P., Roponen, M., Gao, M., Chen, D.H., Zhou, Y., Yu, H.
Y., Liu, R.Q., Zeng, X.W., Zeeshan, M., Guo, Y., Yu, Y., Dong, G.H., 2020. Association
between residential greenness, cardiometabolic disorders, and cardiovascular
disease among adults in China. JAMA Netw. open 3, €2017507. https://doi.org/
10.1001/jamanetworkopen.2020.17507.

Yang, B.Y., Markevych, 1., Heinrich, J., Bowatte, G., Bloom, M.S., Guo, Y., Dharmage, S.
C., Jalaludin, B., Knibbs, L.D., Morawska, L., Qian, Z., Min, Chen, D.H., Ma, H.,
Chen, D., Lin, S., Yang, M., Liu, K.K., Zeng, X.W., Hu, L.W., Dong, G.H., 2019.
Associations of greenness with diabetes mellitus and glucose-homeostasis markers:
the 33 Communities Chinese Health Study. Int. J. Hyg Environ. Health 222,
283-290. https://doi.org/10.1016/j.ijheh.2018.12.001.

Yeager, R., Riggs, D.W., DeJarnett, N., Tollerud, D.J., Wilson, J., Conklin, D.J.,
O’Toole, T.E., McCracken, J., Lorkiewicz, P., Xie, Z., Zafar, N., Krishnasamy, S.S.,
Srivastava, S., Finch, J., Keith, R.J., DeFilippis, A., Rai, S.N., Liu, G., Bhatnagar, A.,
2018. Association between residential greenness and cardiovascular disease risk.

J. Am. Heart Assoc. 7, €009117 https://doi.org/10.1161/JAHA.118.009117.

Yeager, R.A., Smith, T.R., Bhatnagar, A., 2019. Green environments and cardiovascular
health. Trends Cardiovasc. Med. 30 (4), 241-246. https://doi.org/10.1016/j.
tem.2019.06.005.

Yitshak-Sade, M., James, P., Kloog, 1., Hart, J.E., Schwartz, J.D., Laden, F., Lane, K.J.,
Fabian, M.P., Fong, K.C., Zanobetti, A., 2019. Neighborhood greenness attenuates
the adverse effect of PM2.5 on cardiovascular mortality in neighborhoods of lower
socioeconomic status. Int. J. Environ. Res. Publ. Health 16, 814. https://doi.org/
10.3390/ijerph16050814.

Yitshak-Sade, M., Kloog, I., Novack, V., 2017. Do air pollution and neighborhood
greenness exposures improve the predicted cardiovascular risk? Environ. Int. 107,
147-153. https://doi.org/10.1016/j.envint.2017.07.011.


https://doi.org/10.1289/ehp.1509967
https://doi.org/10.1016/j.envint.2020.106236
https://doi.org/10.1016/j.envint.2020.106236
https://doi.org/10.1016/J.ENVRES.2017.08.048
http://refhub.elsevier.com/S0013-9351(21)01750-3/sref57
http://refhub.elsevier.com/S0013-9351(21)01750-3/sref57
https://doi.org/10.1016/j.ufug.2015.07.008
https://doi.org/10.1161/JAHA.118.010258
https://doi.org/10.1016/j.envint.2020.106100
https://doi.org/10.1016/j.envint.2020.106100
https://doi.org/10.1515/reveh-2020-0155
https://doi.org/10.1515/reveh-2020-0155
https://doi.org/10.1001/jamanetworkopen.2020.17507
https://doi.org/10.1001/jamanetworkopen.2020.17507
https://doi.org/10.1016/j.ijheh.2018.12.001
https://doi.org/10.1161/JAHA.118.009117
https://doi.org/10.1016/j.tcm.2019.06.005
https://doi.org/10.1016/j.tcm.2019.06.005
https://doi.org/10.3390/ijerph16050814
https://doi.org/10.3390/ijerph16050814
https://doi.org/10.1016/j.envint.2017.07.011

	Impact of residential greenness on myocardial infarction in the population with diabetes: A sex-dependent association?
	1 Introduction
	2 Material and methods
	2.1 Study population and follow-up
	2.2 Variables
	2.3 Statistical analyses

	3 Results
	4 Discussion
	5 Conclusions
	Funding source
	Declaration of competing interest
	Appendix A Supplementary data
	References


