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Urban Green Space Is Spatially Associated
with Cardiovascular Disease Occurrence in Women
of Mashhad: a Spatial Analysis of Influential Factors
on their Presence in Urban Green Spaces

Mohammad Rahim Rahnama & Lia Shaddel

# The New York Academy of Medicine 2019

Abstract Chronic diseases have spread around the
world. Cardiovascular diseases (CVD), the most impor-
tant of the chronic diseases and the leading cause of death
in women of Mashhad, are impacted by environmental
factors. Urban green spaces (UGSs) are important envi-
ronmental factors playing a critical role in the prevention
and control of CVD. Spatial analysis is useful in under-
standing the application of UGSs in CVD prevention. To
identify the spatial distribution of CVD in Mashhad,
Moran’s index was used and 7539 home addresses of
female patients with CVD were imported into ArcMap.
Moran’s coefficient was estimated to be 0.34, revealing a
clustered distribution of CVD. The spatial autocorrelation
between CVD and UGSs was analyzed using Moran’s I.
Moran’s I index value was calculated to be − 0.15, and
four types of clusters were identified in eight sub-districts
of Mashhad municipality. To find the factors influencing
the presence in UGSs among women affected by CVD,
607 female patients living in the selected sub-districts
were asked to take part in a telephone survey. Data were
analyzed using ordinary least squares (OLS) and geo-
graphically weighted regression (GWR) at block level
(343 statistical blocks in total). Accordingly, the spatial
diversity and effects of three variables of income, level of
education, and access to UGSs among female patients
with CVDwere measured. According to OLS results and
the standard residual, two clusters were removed. Finally,

vulnerable blocks were identified that could be helpful in
the development of prevention policies and place-based
interventions.

Keywords Cardiovascular disease . Mashhad . Spatial
distribution . Spatial analysis . Urban green space

Introduction

Disease outbreaks around the world have shifted dra-
matically from infectious to chronic diseases. CVDs are
the most common chronic diseases and are associated
with an unhealthy lifestyle facilitated by urban life and
environmental factors [1, 2]. It is of great importance to
identify vulnerable populations and develop strategies
for CVD risk reduction. The most effective strategy for
the prevention and control of this disease is the utiliza-
tion of environmental resources [3–6].

UGSs are one of the key environmental resources for
the prevention and control of CVD [7–9]. UGSs through
reducing harmful effects of air [10, 11] and noise pollu-
tion [12, 13], promoting physical activities [14, 15] and
psychological recovery [16–18], and encouraging social
interactions [19, 20] influence the cardiovascular system.

There are gender differences in the diagnosis and
treatment of CVD as it is the leading cause of death
among women worldwide [21–23]. The relationship
between the presence of UGSs and CVD occurrence
even differs from men to women [24–26]. A study in
Australia indicated that green spaces reduced the risk of
obesity and overweight in women but not in men [27].
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Another study in the UK demonstrated that increased
green spaces decreased the number of deaths from CVD
among men. Although no difference existed between men
and women in terms of use of UGSs, no statistically
significant relationship was found between the quantity
of green spaces and the number of deaths among women
[28]. Tamosiunas and colleagues [26] found that park users
were less likely to suffer from CVD and the risk of
cardiovascular disease in women who have less access to
parks is higher. Similarly, a study in New Zealand reported
a lower risk of CVD for people living in areas with greater
access to green spaces. This result remained unchanged
even after adjusting the physical activity level [29].A study
in two cities of Iran (Rasht and Ardabil) showed that
physical activity is the most common reason for people
using parks [30]. However, as more men than women use
urban green spaces, they aremore likely to engage physical
activities [31]. Therefore, there is a greater need to study
women’s health becausewomen have a powerful influence
on health and well-being of the future generation [32].

In countries such as China and the USA, there are
many cities devising strategies for increasing green
spaces, especially in deprived neighborhoods [33], but
there are various factors influencing on presence in
UGSs. One study in the Netherlands showed that indi-
viduals with lower levels of education were more likely
to take advantage of the health benefits of green spaces
and used UGSs more compared with people with higher
levels of education [34]. In contrast, another study re-
vealed that people with lower levels of education were
less likely to use UGSs compared with individuals with
higher education levels [35]. It is argued that individuals
with higher levels of educationmay have a better knowl-
edge of the benefits of interacting with nature [36].
Among other socioeconomic variables, education has
more effect on cardiovascular health [37]. Economic
status of individuals strongly influences their presence
in UGSs [38]. Some studies showed that people of lower
economic status have appropriate access to parks [39,
40], which means that people living in low-income
neighborhoods are more willing to use them [41]. A
study claimed that the beneficial effect of green spaces
on CVD is higher for people of lower economic status
[20]. However, this is not certain because of the variety
of factors affecting cardiovascular health.

Another factor that affects the presence in UGSs is
distance [42, 43]. Appropriate access to green spaces is
critical for providing a foundation for healthy living in
urban areas [44] and access to green spaces is essential

for women’s health [26]. The closer green spaces are,
the more they are used [5, 35, 45]. Studies demonstrated
that any decrease in economic inequality in access to
green spaces could contribute to a decrease in health
disparities [46].

Most studies in the context of health and UGSs have
been conducted in Europe and theUSA [47]. However, in
many low-income countries like Iran, which are
experiencing a high rate of urbanization, no studies have
been carried out and consequently, the health benefits of
UGSs and the ways to encourage their use have never
been considered. In the Middle East, due to discrimina-
tion against women and limits on their personal freedom,
obesity affects more women than men [48]. Around 60%
of Iranian women have a high risk of obesity and, con-
sequently, CVD because of lack of physical activity.
Based on the statistical yearbook of Mashhad (2016),
CVD is the main reason for death in women of Mashhad.

Geographic information system (GIS) can be a useful
tool for solving health issues [49–51]. Spatial analysis
and its techniques like spatial autocorrelation and GWR
facilitate the study of factors associated with CVD. They
are also able to find areas in which environmental inter-
ventions are required [6, 52, 53]. Geospatial tools for
mapping disease, predicting disease occurrence, and
allocating health resources have been used in many
studies [51, 54–58]. However, in Iran, geospatial tools
have never been applied in studying CVD. Additionally,
the relationship between CVD occurrence and urban
spaces has never been considered.

Identification of populations affected by certain dis-
eases could be a useful instrument for planning, moni-
toring, and evaluation [59]. Moreover, it is important to
identify spatial clusters as they can facilitate planning
for green open spaces and enable the use of health
benefits of green spaces with the aim of prevention
and control of CVD which have great social and eco-
nomic influences. This study aims to: (1) understanding
the spatial distribution of women affected by CVD in
Mashhad, (2) analyzing spatial autocorrelation between
CVD and UGSs, and (3) conducting a spatial analysis of
influential factors on presence in UGSs among women
affected by CVD.

Methodology

This work only studied women aged between 16 and 64
because for women in this age group (16–64), social-
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spatial inequalities are at their highest level [28].Women
aged over 64 were excluded because they have specific
requirements and should be studied independently.

Study Area

The study area is Mashhad city. Mashhad is the capital
of Razavi Khorasan Province (RKP), situated in the
North East of Iran (Fig. 1). It is the second most popu-
lous city of Iran with a population of 3,001,184 (with
49% females and 51% males) in 2016.

Because of the existence of the Imam Reza holy
shrine, Mashhad is the center of religious tourism in
Iran and it is the second holiest city for Muslims after
Mecca in Saudi Arabia. Over 20 million tourists travel
to Mashhad every year.

The city is 35,147 ha in area. Green spaces including
parks, groves, gardens, natural reserves, and agricultural
lots account for 12.4%, 4359 ha, of total urban land area.
Mashhad is composed of 13 (administrative) districts
and 41 (administrative) sub-districts.

Health Data

CVD is the leading cause of death among women in
Mashhad, based on the statistical yearbook of Mashhad
(2016), with 38% of deaths in females in 2017. To
analyze the spatial distribution of CVD, data was obtain-
ed from three major hospitals in Mashhad. We received

the home addresses and profiles of female patients hos-
pitalized for CVD in 2016 and 2017, in Microsoft Excel
format. The data were imported into ArcMap point data
layer. In total, 7539 home addresses were imported from
Excel into ArcMap and the spatial distribution of Mash-
had female patients with CVD was obtained.

The patients were classified based on the Internation-
al Statistical Classification of Diseases and Related
Health Problems (ICD-10) and were coded from I20–
I25 and from I60–I69. The most frequent are I20.0,
I25.1, I21.0, I21.1, I21.4, I64, I61, and I60.9.

Urban Green Space Data

Green spaces were measured using satellite imagery or
land cover datasets [4]. Some studies estimate green
areas based on satellite imagery, using normalized dif-
ference vegetation index (NDVI) [20, 60, 61]. NDVI
takes into account areas of land covered by parks, public
gardens, sports fields, and forests, etc. Sports fields such
as football grounds and private gardens should be ex-
cluded from analysis because they have limited use [44].
Therefore, land cover layers seem to be much more
helpful than satellite imagery in this area of study [4].

In this paper, green spaces are defined as areas or
places that provide recreational facilities and services for
public use [56]. According to this definition and consid-
ering the fact that the park size can influence the fre-
quency presence in park and physical activities [62, 63],
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this paper studied urban parks which were above 1 ha in
area and have at least 65% of their land covered by trees.
In urban planning of Iran, urban parks are categorized
by size into four types:

1. Urban parks at district level, including parks that are
between 4 and 5 ha in area.

2. Urban parks at sub-district level, including parks
that are between 1 and 4 ha in area.

3. Urban parks at neighborhood level, including parks
between 0.5 and 1 ha in area.

4. Urban parks at sub-neighborhood level, including
parks that are below 0.5 ha in area.

This study only considers urban parks at micro-
neighborhood (district and sub-district) levels (Fig. 2).

Seven sub-districts, including district one sub-district
three (1-3), 12-2, 13-1, 2-6, 2-5, 2-1, 3-1, lack urban parks
at micro-neighborhood (district and sub-district) level.

Accessibility to Urban Green Space

Methods for measuring accessibility to parks vary be-
tween studies. However, most studies measured acces-
sibility to green spaces using ArcGIS. Some used net-
work analysis [64, 65] and others applied the Euclidean
distance method for calculating accessibility [5].

The standard distance threshold for considering a
green space easily accessible is 300 to 400 m [35].
According to Lee and colleagues [66], accessible dis-
tance to green spaces is below 0.5 km or a 5-min walk.
Some other studies defined a 15-min walk or 900 to
1000 m as a standard green space distance threshold
[62]. To calculate distance to open spaces, the network

analysis method is more accurate because it considers
the real road network [67, 68]. In this study, due to
limitations such as incompleteness of the map layer of
secondary streets and alleys, Euclidean distance was
used for calculating accessibility.

Spatial Analysis

To analyze the spatial distribution of female patients with
CVD, Moran’s I analysis was used [69], and to explore
the spatial relationship between two variables of UGSs
and CVD, Moran’s autocorrelation index was used.
Moran’s I analysis is a type of spatial analysis mapping
spatial relationships between two sets of variables [5].

Factors influencing presence in UGSs by women with
CVD were identified by OLS and GWR. GWR reflects
spatial relations and the heterogeneity of regions [70]. It
also estimates the impact of explanatory variables on
dependent variables and through mapping results, it con-
tributes to planning [50, 64]. It makes planning easier as it
provides a better understanding of the spatial distribution
and the relationships between sets of variables, which is
important for better interventions in the future [70]. In this
study, spatial autocorrelation, OLS, and GWRwere mea-
sured using ArcGIS and GeoDa software.

Variables Obtained Using the Questionnaire

When the spatial autocorrelation between female patients
with CVD and UGSs had been measured, eight sub-
districts of Mashhad municipality were selected for sur-
vey. Six hundred twenty women with cardiovascular dis-
ease who had been living in these eight sub-districts were
selected and asked to complete the questionnaires. They

Fig. 2 Urban parks at district and sub-district levels. a Park distribution. b Parks per capita
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were asked questions about levels of education, levels of
income, and presence in urban parks. Presence in urban
parks by women was measured by self-reporting [41, 63].
Participants were asked about the frequency they used
urban parks on a scale of: at least once a day, 3–6 times
per week, 1–2 times per week, 2–3 times per month, once
a month, and never [41]. Thirteen respondents were re-
moved from the analysis because they did not use parks at
micro-neighborhood (district and sub-district) level.

Results

Spatial Distribution of Women Affected by CVD
in Mashhad

To find the spatial distribution of women with CVD,
7539 home addresses were imported into ArcGIS soft-
ware (Fig. 3).

CVD occurrence was analyzed for all sub-districts.
The results showed that the density of women affected
by CVD was at the highest level in sub-districts 3-3, 4-3,
5-3, and 7-3. For a better understanding of the spatial
distribution of CVD, Moran’s index was used and calcu-
lated using both ArcGIS and GeoDa software. As can be
seen in Fig. 4, Moran’s I value was estimated to be 0.34
and a clustered pattern for CVD distribution was found.

Figure 5 indicates the clustered distribution of CVD
in Mashhad. Three types of clusters were found.

The High-High (HH) cluster type was composed of
three sub-districts, accounting for 13.39% of all female
patients with CVD. There were three sub-districts in the
Low-High (LH) cluster type, which accounted for 4.8%

of total women with CVD. One sub-district, with 3.9%
of total women with CVD, was in the High-Low (HL)
cluster type. No Low-Low (LL) cluster type occurred.

Analysis of Spatial Autocorrelation Between CVD
and UGSs

According to Fig. 2, seven sub-districts of Mashhad
munic ipal i ty lacked urban parks at micro-
neighborhood (districts and sub-districts) level. To ana-
lyze spatial autocorrelation between CVD and UGSs,
Moran’s I spatial autocorrelation test was employed.
Figure 6 shows a negative correlation between CVD
and UGSs with a coefficient of correlation of − 0.15.

This indicates that if parks (at district and sub-district
level) per capita increases, CVD occurrence among
women decreases.

In total, three clusters were identified (Fig. 7), as
follows:

1. The HH cluster type occurred in five sub-districts,
accounting for 17.9% of all female patients with
CVD. This occurred in sub-districts where UGS
per capita was high and CVD occurrence in women
was high. It was confirmed with a 95% confidence
level in sub-districts 2-1, 2-2, and 3-2, and with a
99% confidence level in sub-districts 3-1 and 3-3.

2. The LL cluster type occurred in one sub-district,
accounting for 2.8% of total women affected by
CVD. This occurred in sub-districts where UGS
per capita was low and CVD occurrence was low.
It was confirmed with a 95% confidence level.

Fig. 3 a Spatial distribution. b Density map of women affected by CVD
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3. The HL cluster type occurred in two sub-districts
with 4.3% of female patients with CVD. This oc-
curred in sub-districts where UGS per capita was
high and consequently, CVD occurrence in women
was low. It was confirmed with a 95% confidence
level.

Overall, the results confirmed a spatial correlation
between UGSs per capita and CVD occurrence in all
eight sub-districts of Mashhad municipality. In the fol-
lowing paragraphs, the factors influencing the presence
in urban parks among women affected by CVD in eight
sub-districts (4 clusters) will be studied.

Identification of Factors Influencing the Presence
in UGSs Among Women with CVD

In the previous section, significant correlation between
cardiovascular disease and urban green spaces was found
in eight sub-districts. At this stage, 607 women who had
been living in these eight sub-districts were asked to
complete questionnaires (Figure 7). They were asked to
answer questions about their level of education, income,
and presence in urban parks. Two variables of age and
marital status of women were in the file obtained from
three hospitals and the analysis was controlled based on
these. The number of women participating in the survey

Fig. 4 Moran’s coefficient in spatial autocorrelation analysis of CVD

Fig. 5 Analysis of spatial autocorrelation of CVD in Mashhad

Rahnama and Shaddel

Author's personal copy



in each sub-district was estimated based on the total
number of female patients so they could cover all statis-
tical blocks.

According to Table 1, in the first five sub-districts
that included low-income neighborhoods, a large

proportion of women had poor education, holding ele-
mentary school leaving certificates or high school di-
plomas, and they were mostly aged between 64 and 50.
In sub-district 9-1, including high-income neighbor-
hoods, a larger proportion of women held university

Fig. 7 a Spatial autocorrelation between CVD and UGSs. b Significant level

Fig. 6 Moran’s I spatial
autocorrelation coefficient
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degrees and the literacy rate was higher compared with
other sub-districts while in two sub-districts 7-4 and 8-3,
the number of women with secondary education was
greater.

Moran’s I revealed a negative spatial correlation be-
tween UGSs and CVD, with a coefficient of correlation
of − 0.15 (Fig. 6), and three types of clusters occurred
(Fig. 7). Although the value of Moran’s coefficient was
small, the autocorrelation between two variables was
confirmed within the confidence intervals in all eight
sub-districts. Following this, the factors influencing the
presence in UGSs by female patients with CVD were
identified using GWR, in sub-districts where the spatial
correlation between variables was confirmed.

OLS was applied as the first step of the modeling
procedure. OLS results demonstrate which variables and
which clusters should be used in GWR modeling. Based
on GWR results, standard residual, local R-squared, and
regression coefficient were estimated for statistical blocks.

To understand the spatial heterogeneity and identifica-
tion of statistical blocks in which values were well-esti-
mated, the standard residual was mapped. Moran’s I was
used to confirm the results obtained from standard resid-
ual. To explore where the model identified a high propor-
tion of variance and where further investigations were
needed, local R-squared values were represented in a
map. Next, the regression coefficient for each variable,
with respect to the nature of the variables, was mapped
and consequently, spatial diversity was analyzed.

Five sub-districts, including 257 statistical blocks,
were in the HH cluster type in which UGS per capita
was high and CVD occurrence among women was high.
One sub-district, including 38 statistical blocks, was in
the LL cluster type in which UGS per capita was low
and CVD occurrence in women was low. The two other
sub-districts of 8-3 and 7-4, composed of 25 and 23
statistical blocks respectively, were in the HL cluster
type in which UGS per capita was high and, as expected,
CVD occurrence was low.

OLS results (Table 2) confirmed a significant corre-
lation between the explanatory variables and the pres-
ence in UGSs among women with CVD as the depen-
dent variable. In this model, if the Koenker statistic was
statistically significant, the variables were not indepen-
dent of each other. Therefore, the GWRmodel was used
to provide improvement over OLS results.

Adjusted R-squared value was calculated to be 0.34 for
HH, 0.58 for LL, 0.53 for HL (8-3), and 0.46 for the HL
(7-4) cluster type. In other words, in HH: 34% of the totalT
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variance, in LL: 58% of the total variance, in HL (8-3):
53% of the total variance, and in HL (7-4): 46% of the
total variance of the presence in UGSs among women
with CVDwere explained by themodel. Despite the small
values of coefficients of correlation, p values confirmed
the existence of significant correlations between variables.

The GWR model is based on the results of OLS. At
this stage, the HL cluster (7-4) is not included in the
GWR model due to insignificant Koenker statistic.

Figure 8 represents the map of standard residual for
statistical blocks. The residual is a part of the dependent
variable that could not be explained by themodel, model
under and over predictions. At this stage, the statistical
blocks in which the value of the dependent variable (the
presence in UGSs among women with CVD) predicted
under (blue color) or over (red color) the observed value
were identified.

Cluster or dispersed distribution of the residuals was
evidence that one or more explanatory variables were
missing from the model. Therefore, a properly specified
regression model could occur when the residuals were
distributed randomly.

In HH, the clustering of residuals indicated that at
least one key explanatory variable was missing from the
model. Consequently, the results could not be trusted for
further analysis. In LL and HL (8-3), the residuals were
spatially random. Therefore, the model was properly
specified. The local R2 values for LL and HL (8-3) were
mapped in Fig. 9, showing that the model appropriately
fitted the data and explained the variance well.

The local R2 value was estimated to be 0.76 in LL
and it ranged from 0.45 to 0.77. While the model

explained a high proportion of variance on the right site
of the map, the local R2 value was smaller on the left
side. In total, the model explained 76% of the total
variance of the presence in UGSs among women with
CVD in LL.

In HL (8–3), the local R2 value was estimated to be
0.88 and it ranged from 0.77 to 0.92, revealing a small
difference among statistical blocks. The local R2 value
was high for all the blocks. However, the model explained
a larger proportion of variance at the top of the map. In
total, the model explained 88% of the total variance of the
presence in UGSs among women with CVD in HL. The
statistical blocks with low R2 value represented the blocks
in which the model was influenced by other variables.

The local regression coefficient values in LL and HL
(8-3) were mapped in Figs. 10 and 11 to describe the
strength of relationship between the presence in UGSs
and other variables in the model, additionally to analyze
the spatial diversity, and to explore the areas in which
further interventions were required.

The variables illustrated various spatial patterns and
the strength of relationships between sets of variables
varied by cluster. These results emphasize the capability
of GWR for revealing differences and unexpected rela-
tionships resulting from spatial heterogeneity. The re-
gression equation obtained in LL is as follows:

The presence in UGSs among womenwith CVD = −
0.27 income − 0.38 education + 0.1 accessibility + 4.62.

The regression equation in LL indicated a negative
correlation between income and the presence in UGSs
among women with CVD, as an increase in income and
the level of education, respectively, resulted in a decrease

Table 2 The results of OLS

Cluster Variable Coefficient p value VIF Adjusted
R-squared (R2)

Koenker statistic

HH Income 0.03 0.00 1.55 0.34 14.31
p value 0.002Education 0.13 0.00 1.93

Accessibility 0.12 0.02 1.33

LL Income − 0.27 0.05 1.70 0.58 13.61
p value 0.003Education − .38 0.03 1.84

Accessibility 0.10 0.00 1.32

HL (8-3) Income 0.28 0.004 2.54 0.53 5.14
p value 0.04Education 0.18 0.00 2.49

Accessibility 0.25 0.0008 1.17

HL (7-4) Income 0.19 0.008 3.18 0.46 6.99
p value 0.07Education 0.49 0.0002 4.03

Accessibility − 0.14 0.001 1.81
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of 27% and 38% in the total variance of the presence in
UGSs. A positive correlation existed between the pres-
ence in UGSs among women with CVD and accessibil-
ity. This means that when distance to UGSs decreased,
the total variance of the presence in UGSs increased by
10%. The east side showed a better fit. The regression
equation in HL (8–3) is detailed below:

The presence in UGSs among women with CVD =
0.28 Income +0.18 Education +0.25 Accessibility
+3.007.

In HL (8-3), a positive correlation existed between
the explanatory variables and the dependent variable, as
an increase in income, level of education, and accessi-
bility led to a 28%, 18%, and 15% increase in the total

Fig. 8 Geographically weighted regression model standard residual R2 and Moran’s I in a HH, b LL, c HL (8-3)
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variance of the presence in UGSs, respectively. The
variable of income had more influence on the presence
in UGSs and the south side showed a better fit.

With a higher coefficient of determination (R2),
GWR showed improved results over OLS for both LL
and HL (8–3) (R2 in LL was estimated to be 0.76
compared with 0.58, and R2 in HL (8-3) was estimated
to be 0.88 compared with 0.53). The GWR model
decreased the unexplained variance—the GWR model
explained more variance.

Discussion

The study results (Figs. 4 and 5) found a clustered
pattern for women’s CVD distribution in Mashhad.

A study in Thailand suggested GIS techniques as an
effective approach for identification of spatial clusters of
disease occurrence [58].

In Iran, particularly in Mashhad as the most impor-
tant religious center of Iran, some religious norms and
traditions limit women to use parks and public open
spaces for physical activities. While increased open
spaces and easy access to green spaces can increase
women’s participation in physical activities, this has
been neglected in Iran to some extent [71]. Therefore,
although at first it seemed that there was no relationship
between cardiovascular disease and green spaces, a
negative spatial correlation, with coefficient of − 0.15,
was found between per capita green space and cardio-
vascular disease occurrence (Fig. 6), and three types of
cluster were identified in eight sub-districts (Fig. 7).

Fig. 9 Geographically weighted regression local R2 in a LL and b HL (8–3)

Fig. 10 Geographically weighted regression coefficient for a income, b education, and c accessibility in the LL cluster
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The HH cluster type occurred in low-income sub-
districts, HL cluster type occurred in median-income
sub-districts, and LL cluster type occurred in high-
income sub-districts. These findings are consistent with
the results reported by Kondo and colleagues [47]. They
investigated the relationship between urban green
spaces and human health, and their results confirmed a
negative correlation among the use of urban green
spaces, mortality, and heart rate. A research in New
Zealand supported the existence of a negative relation-
ship between the rate of CVD occurrence and green
space quantity [29]. Another study in Ontario, Canada,
demonstrated that people living in areas with higher
NDVI had a lower risk of death from CVD [72]. Sim-
ilarly, Bixby and colleagues [43] showed that an in-
crease in green area resulted in a decrease in the rate of
deaths caused by CVD and this was the same for men
and women. Overall, it can be said that features of
neighborhoods are important for health. They can par-
ticularly impact women’s health and well-being as
women spend more time in neighborhoods [28].

In the third stage, factors influencing the presence in
UGSs among women with CVD were investigated using
GWR. Following OLS results, HL (7-4) cluster was

eliminated. The three remaining clusters were entered in
themodel and the standard residual was calculated for each
cluster type. Moran’s autocorrelation coefficient revealed
that the HH cluster type should also be removed. There
may have been other important variables in this cluster that
were not considered in the research. HH occurred in five
sub-districts including low-income neighborhoods.
Vaughan and colleagues [41] indicated that people living
in low-income neighborhoods used parks more frequently.
It could be argued that poor quality and quantity of green
spaces were probably other reasons influencing the use of
urban parks bywomen. This is mainly because quality and
quantity of green spaces have a great influence on usage
patterns and there are often poor-quality green spaces in
low-income neighborhoods [73]. Therefore, the identifica-
tion of factors encouraging increased use of green spaces is
necessary [56]. Soltanifard and Jafari [74] stated that due to
the physical expansion of Mashhad, urban green spaces
have been replaced by a variety of other land uses, and it is
of great importance to studyMashhad’s urban green spaces
in terms of quality. The quality of green spaces is more
important for women than men [75]. These aforemen-
tioned factors probably caused the increased rate of CVD
occurrence in these areas.

Fig. 11 Geographically weighted regression coefficient for a income, b education, and c accessibility in the HL (8-3) cluster

Table 3 Variables coefficients and their relationships in LL and HL (8-3) clusters

Cluster Relationship between UGSs and CVD Coefficient

Income Education Accessibility

LL Per capita of UGSs is low, occurrence of CVD is low
p value 0.05

− 0.27 − 0.38 0.1

HL (8-3) Per capita of UGSs is high, occurrence of CVD is low
p value 0.01

0.28 0.18 0.25
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In LL, 76%, and in HL, (8-3), 88% of variance
explained by variables of the model. All variables
showed various spatial patterns (Figs. 10 and 11 and
Table 3).

In LL, which occurred in high-income sub-districts,
there was a negative correlation between income and the
presence of UGS by women with CVD. In contrast, in
HL, which occurred in median-income sub-districts, a
positive correlation existed between two variables. The
findings in LL can be interpreted based on those report-
ed by Mitchell and Popham [73], stating that people
living in high-income neighborhoods use public green
spaces less as they almost always have private gardens.
Furthermore, a high economic status has a protective
influence against CVD [76].

The correlation between education and the presence
in UGSs among women with CVD was negative in LL
but positive in HL (8-3). This means that in LL, where a
large proportion of women held university degrees
(Table 1), when the level of education increased, pres-
ence in UGSs decreased. In HL (8-3) where a large
proportion of women held high school diplomas
(Table 1) when the level of education increased, pres-
ence in UGSs also increased. The findings in LL are in
accordance with the findings reached by Mass and
colleagues [34], indicating that individuals with lower
levels of education are more likely to use UGSs. In HL
(8-3), the results are in accordance with the findings
reported by Schipperjin and colleagues [35] showing
that individuals with lower levels of education are less
likely to use urban green spaces. In other words, the
more educated individuals are, the more they use urban
green spaces.

The results emphasized the capability of GWR in
mapping spatial differences [77]. A negative correlation
was found between education and CVD occurrence [50,
78], which was more statistically significant among
women [37].

This study found a positive relationship between
accessibility and the presence in UGSs among women
with CVD in both cluster types, which is consistent with
that found in previous studies [26, 79, 80]. In HL (8-3),
the value of correlation coefficient between accessibility
and the presence in UGSs was estimated to be higher,
confirming the primary outcome: higher green space per
capita contributes to a lower rate of CVD occurrence.

This is the first study in Iran studying the occurrence
of CVD in relation to urban spaces. The results of the
study could be helpful in disease prevention and

improving women’s health and thus affect the next
generation’s health and wellbeing. Therefore, similar
studies in other metropolitan cities of Iran are
recommended.

Limitations of the Study

Although the findings of the study were statically sig-
nificant, there are some limitations that should be con-
sidered when interpreting our findings. This paper only
studied a few number of variables. The variable of the
presence in parks by women was self-reported which
may bias the results. Additionally, other aspects of
UGSs such as physical activity opportunities, physical
quality, esthetic aspects, and security were not consid-
ered. However, this study emphasizes the importance of
environmental factors in women’s cardiovascular
health.

A comprehensive method that analyzes the residents’
health in relation to features of urban environment is
needed. Lack of such methodology is a result of the
complex nature of urban systems in which many factors
affect health. While the age and marital status of respon-
dents were controlled in this study, their family condi-
tions were ignored.

Conclusions

The results suggest that public health policies aiming at
improving healthy lifestyle in urban areas could benefit
patients with CVD. CVD has considerable economic
impacts on individuals, families, and countries. It espe-
cially affects women who have great influence on the
well-being of future generations.

Similar studies should be encouraged because their
resulting maps are useful tools for identifying factors
associated with health and are also helpful for finding
key vulnerable areas. They can help in allocating re-
sources to healthcare and applying preventive policies.

Today, there is a greater need for collaboration be-
tween researchers and practitioners in the fields of pub-
lic health and urban planning to create sustainable built
environments promoting cardiovascular health. The re-
sults of this work can help urban managers and organi-
zations achieve their goals of planning, design, and
maintenance of UGSs. They can guide decision makers
to develop future UGS strategies and policies.
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Furthermore, as causes vary from one place to another, it
is important that policy makers consider differences.
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