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KEYWORDS Abstract

Green space; Objective: To analyse the relationships between park proximity and biomarkers, anthropomet-
Park accessibility; ric measurements, and physical activity levels in a Spanish adult cohort.

Dyslipidemia; Design: Cross-sectional study.

Obesity; Site: Spain.

Cardiometabolic risk; Participants: A subsample of Cuenca adults from the DESVELA project cohort.

Public health Interventions: Not applicable.

Main measurements: A range of sociodemographic, lifestyle, environmental, anthropometric
and biomarker measurements were analysed. Analysis of covariance was conducted while con-
trolling for sex, age and education level; distance to the nearest park was categorized into
percentiles.

Results: The study population comprised 174 individuals, 98 female (56.3%). The mean age
of the participants was 51.7 +9.8 years, with a range of 33-76 years. Analysis of covariance
was conducted while controlling for sex, age and education level; distance to the nearest park
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Riesgo
cardiometabolico;
Salud publica

was categorized into percentiles. The results revealed statistically significant p-values for HDL
cholesterol (p=0.02), weight (p=0.03), and body mass index (BMI) (p=0.03), with additional
trends toward significance for triglycerides (p=0.06) and vigorous physical activity (p=0.08).
Conclusions: Residing at a distance of up to 550 metres from a park is associated with higher
levels of HDL cholesterol, as well as lower weight and body mass index, indicating more favor-
able metabolic profiles among those living closer to a park compared to those living farther
away.

© 2025 The Authors. Published by Elsevier Espana, S.L.U. This is an open access article under
the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/).

Distancia al parque mas cercano y su relacion con la salud metabélica: un estudio
transversal en una cohorte de adultos Espaiioles

Resumen

Objetivo: Analizar las relaciones entre la proximidad a parques y biomarcadores, medidas
antropométricas y niveles de actividad fisica en una cohorte adulta espafiola.

Disefio: Estudio transversal.

Lugar: Espana.

Participantes: Una submuestra de adultos de Cuenca de la cohorte del poryecto DESVELA.
Intervenciones: No aplicable.

Medidas principales: Se analizaron una serie de mediciones sociodemograficas, de estilo de
vida, ambientales, antropométricas y de biomarcadores. Se realizo un analisis de covarianza
controlando el sexo, la edad y el nivel educativo; la distancia al parque mas cercano se clasifico
en percentiles.

Resultados: La poblacion del estudio estaba formada por 174 individuos, 98 mujeres (56,3%). La
edad media de los participantes era de 51,7 9,8 afos, con un intervalo de 33-76 anos. Se realizo
un analisis de covarianza controlando el sexo, la edad y el nivel educativo; la distancia al parque
mas cercano se clasifico en percentiles. Los resultados revelaron valores p estadisticamente
significativos exclusivamente para el colesterol HDL (p=0,02), el peso (p=0,03) y el indice de
masa corporal (p=0,03), con tendencias adicionales hacia la significacion para los triglicéridos
(p=0,06) y la actividad fisica vigorosa (p =0,08).

Conclusiones: Residir a una distancia de hasta 550 metros de un parque se asocia con mayores
niveles de colesterol HDL, asi como con un menor peso e indice de masa corporal, lo que indica
perfiles metabolicos mas favorables en quienes viven mas cerca de un parque en comparacion
con quienes viven mas lejos.

© 2025 Los Autores. Publicado por Elsevier Espana, S.L.U. Este es un articulo Open Access bajo
la CC BY-NC licencia (http://creativecommons.org/licencias/by-nc/4.0/).

Introduction

The urban environment has been identified as a key health
determinant’? with a significant impact on human health
outcomes, including mental and physical health®-® improve-
ments. In this context, modifications to urban design have
been proposed with an emphasis on the concept of ‘‘healthy
cities’’ to enhance population health.”-° The incorporation
of green spaces represents a significant aspect of this novel
and forward-thinking approach, which is informed by the
concept of salutogenesis. '

Parks constitute a fundamental component of urban
green spaces,'”'? as they provide accessible areas for
recreation, physical activity and social interaction, thereby
making a significant contribution to the physical and mental
well-being of both children and adults.>'® The accessi-
bility of parks, understood as their proximity and ease of
use, is essential to optimize the benefits they offer."” Parks
located within the walking distance of homes offer multiple

health benefits by encouraging a more active and healthier
lifestyle.'® ' Studies have demonstrated that shorter dis-
tances to parks are associated with better overall metabolic
health, emphasizing the importance of green space in urban
planning to promote health equity.?-%3

Cardiometabolic health is a fundamental aspect of dis-
ease prevention, particularly in the context of conditions
such as type 2 diabetes, obesity and cardiovascular dis-
eases, which represent significant global health burdens
in terms of morbidity and mortality.?4?> These conditions
affect a significant proportion of the population, with
concerning prevalence rates.?® For example, in Spain, the
prevalence of metabolic syndrome is approximately 31% in
adults, with a higher prevalence of abdominal obesity and
lipid disorders.?”-2% This syndrome is a significant risk factor
for coronary heart disease.?*° Furthermore, cardiovascular
diseases are a significant public health concern, account-
ing for considerable burdens of morbidity and mortality.?>26
In addition, cardiovascular diseases represent the primary
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cause of mortality worldwide.?"*? Early management of risk
factors is essential to prevent disease progression and its
associated complications.3*3* These findings highlight the
urgent need to prioritize prevention strategies and promote
healthy lifestyles to improve cardiometabolic health at the
population level.

To the best of our knowledge, no previous studies have
specifically examined the association of metabolic health
with variables that concern blood lipids, glucose parame-
ters and anthropometric metrics and its relationship with
accessibility to parks in adults in the Spanish context. This
gap in the scientific literature highlights the relevance of the
present cross-sectional study, especially given the growing
interest in the design of healthy and equitable cities.

Therefore, the objective of this study was to analyse
the relationships between park proximity and biomarkers,
anthropometric measurements, and physical activity levels
in a Spanish adult cohort.

Materials and methods

Study design

This cross-sectional study was conducted between 2021 and
2023 as part of a multicenter study aimed at recreating a
prospective cohort of individuals assigned to primary health-
care centers within nine autonomous communities in Spain
(Cataluna, Pais Vasco, Castilla y Ledn, Aragon, Galicia, Islas
Baleares, Castilla-La Mancha, Andalucia and Madrid).*

Participants

This cross-sectional study population consisted of individ-
uals aged between 35 and 74 years who were randomly
selected and assigned to the Castilla-La Mancha Primary
Healthcare Centre. Individuals with a terminal condition or
who were institutionalized at the time of recruitment; those
with intellectual disabilities, dementia, or language diffi-
culties; and those intending to relocate from Spain within
five years of the study’s commencement were excluded from
participation.

Sampling and sample size

The sample size was computed via the GRANMO sample size
calculation. We considered the estimation of the relative
risk for a cohort study using the Poisson approximation, with
10 years of follow-up and a rate of loss to follow-up of 30%,
accepting an alpha risk of 0.05 and a beta risk of 0.2 in a
bilateral contrast.?

In the total cohort of the DESVELA project, a total of
352 individuals from the Castilla-La Mancha community were
invited to participate in the study via post. Of these, 223
agreed to take part, representing a participation rate of
63%. However, those who did not provide data on their postal
address were subsequently excluded from this study, resul-
ting in a final sample size of 174 individuals.

Ethical considerations

The present study was approved by The Commission of
Inquiry of the Integrated Area Management of Cuenca with

the project registration number 2019/P12119. The research
was performed under the regulations of this committee. The
study participants were all informed about the objectives
of the study, and written informed consent was obtained
before individual participation.

Data collection

In this study, anthropometric measurements, blood analy-
ses and a heteroadministered structured questionnaire were
employed as data collection instruments.*> On the one hand,
the anthropometric parameters and blood tests were mea-
sured by trained staff under the internal procedures of the
DESVELA cohort project. On the other hand, the questions
were divided into two sections, including sociodemographic
and lifestyle information.

Demographics

Demographic variables included age, sex, marital status,
education level, and socioeconomic level.

Lifestyle

The two questionnaires used in this study to evaluate sev-
eral lifestyles have been validated in Spanish. Adherence
to the Mediterranean diet was assessed via the PREDIMED?’
and PREDIMED plus®® questionnaires. The level of physical
activity was assessed with the International Physical Activity
Questionnaire.°

Environment

The distance to the nearest park was selected as the
exposure variable. The variable was calculated for each
participant on the basis of their registered postal address.
First, the participants’ residential addresses were geolo-
cated using geocoding tools based on the Google Maps
Application Programming Interface (APIl), implemented via
Google Sheets,“>*" which returned geographic coordinates
in the World Geodetic System (WGS84) format. The coor-
dinates were then entered into Google Maps,** where the
nearest park was identified from each participant’s location.

Anthropometrics

Body weight (kg) and height (cm) were measured in light
clothing and without shoes, respectively, via a calibrated
scale and a wall-mounted stadiometer. Body mass index
(BMI),** which serves as an indirect proxy for overall adipos-
ity, was calculated as weight (kg) divided by the square of
height (m). Abdominal adiposity was determined by measur-
ing the circumference of the waist* (cm) at the level of the
iliac crest, in line with standard practice. Waist circumfer-
ence was measured with the use of an anthropometric tape.

Blood tests

We collected blood samples from the participants after at
least 8 h of fasting. The levels of total cholesterol (mg/dL),
triglycerides (mg/dL), LDL cholesterol (mg/dL), HDL
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cholesterol (mg/dL), fasting glucose (mg/dL), and glycosy-
lated haemoglobin (HbA1c, %) were measured.*6-4

Statistical analysis

Descriptive statistics for categorical variables are reported
as frequency counts and percentages. For continuous varia-
bles, we reported the means and standard deviations (SDs).
For categorical variables, differences were assessed via the
chi-square (x?) test to determine statistical significance.
For continuous variables, comparisons between two groups
were performed using the Student’s t-test, while compar-
isons involving more than two groups were analyzed via
one-way analysis of variance (ANOVA). The corresponding
p values, defined as p<0.05, were calculated to evaluate
the statistical significance.

We categorized the independent variables into quartiles
as follows: below the 25th percentile (P<25), between
the 25th and 75th percentiles (P25-P75), and above the
75th percentile (P>75). This stratification was performed
to explore potential nonlinear relationships between the
independent variable and the outcomes of interest.

Analysis of covariance (ANCOVA) was conducted to eval-
uate the associations between the exposure variables (in
quartiles) and the outcome variables, adjusting for age, sex,
and educational level. Statistical significance was defined as
p<0.05. To further investigate potential differences, sepa-
rate analyses were conducted for males and females.

All the statistical operations were conducted with IBM
SPSS Statistics software, version 29.4

Results

Table 1 presents the baseline characteristics of the study
participants, differentiated by sex. The study population
comprised 174 individuals, 98 of whom were female (56.3%).
The mean age of the participants was 51.7 +9.8 years, with
arange of 33-76 years. Over half (54.6%) of the participants
engaged in high levels of physical activity and demonstrated
moderate adherence to the Mediterranean diet (57.5%). The
mean distance to the nearest park was 430.1+253.6m.
Additionally, Table S1 (supplementary material) shows the
sociodemographic information of the study participants,
organized by percentiles of distance to the nearest park.

With respect to the blood test, a notable reduction in
mean triglyceride levels was observed in the group residing
<250 m from a park. Furthermore, an increase in HDL choles-
terol levels was observed in individuals residing <250m
from a park. In terms of anthropometry, the group resid-
ing between 260 and 550 m from a park presented lower BMI
and waist circumference values. For weekly physical activity
levels, the group residing <250 m from a park demonstrated
greater total, moderate, and vigorous physical activity min-
utes. In contrast, the group residing between 260 and 550 m
exhibited greater minutes spent on walking physical activ-
ity. The aforementioned data are illustrated in Fig. 1, which
depicts the percentiles of distance to the nearest park.
Moreover, the mean differences in percentiles areillustrated
in Fig. 2.

ANOVA revealed no significant associations between park
quartile and age (p=0.21), sex (p=0.28), or level of

education (p=0.94). ANCOVA was conducted while control-
ling for sex, age and education level; distance to the nearest
park was categorized into percentiles. The ANCOVA results
revealed statistically significant p values for HDL cholesterol
(p = 0.02) in favor of the shorter distance to the park (<250
meters) compared to the greatest distance category (>600
meters) (Table 2). Additionally, there was a trend toward
significance for improvements in triglycerides (p =0.06) and
vigorous physical activity (p=0.08). Furthermore, statisti-
cally significant p values for weight (p = 0.03) and BMI (p =
0.03) in favor of the intermediate distance to the park (260-
550 meters) compared to the greatest distance category
(=600 meters). Notably, when stratified by sex, a signifi-
cant p value was observed only for BMI in men (p=0.01)
(supplementary material, Tables S2 and S3).

Discussion

The main aim of this study was to analyse the relationships
between park proximity and biomarkers, anthropometric
measurements, and physical activity levels in a Spanish adult
cohort. The results of this study indicate that proximity to a
park is significantly associated with cardiometabolic health
indicators. Specifically, living <250m in a park was asso-
ciated with higher levels of HDL cholesterol. Additionally,
living at an intermediate distance, between 260 and 550 m,
from a park was linked to lower weight and a reduced BMI.
Moreover, there was a trend suggesting that residing closer
to a park may also be associated with lower triglyceride
levels and higher levels of vigorous physical activity.

In relation to blood lipids, the findings of this study
are in accordance with those of previous studies, which
similarly reported lower triglyceride levels and higher HDL
cholesterol levels.”*->? Although the present study focused
on proximity to the nearest park, many of these other
studies examined these associations via the Normalized
Difference Vegetation Index (NDVI). Both metrics are compa-
rable in their capacity to reflect greenery objectively.’>>*
With respect to anthropometry, a relationship has also been
identified between proximity to greenness and better BMI
and waist circumference in other studies.®~>" These results
reinforce the evidence for this relationship, indicating a
robust trend that has been documented across different
populations and contexts.

A noteworthy finding of our study is the significant
association between park proximity and higher levels of
HDL. Previous research has demonstrated a positive asso-
ciation between residential greenness and physical activity
levels.™8-%0 Additionally, a substantial body of evidence
has shown a positive correlation between exercise and the
activity of lipoprotein lipase, a key enzyme involved in
cholesterol metabolism, in which triglycerides play a key
role.®'-% Our study did not find a significant correlation
between park proximity and triglycerides; however, a trend
toward lower levels of this biomarker was observed. In addi-
tion, our study revealed a better lipid profile in females
than in males. This more favourable trend in women has
also been corroborated in other studies where greenness has
been examined as an independent variable.>"% This could
be attributed to women’s tendency to walk more than men
do, as shown in the present study, as a form of physical
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Table 1  Study sample sociodemographic characteristics.

Sociodemographic characteristics Total n (%) Men Women p
Sample size 174 (100.0) 74 (43.7) 98 (56.3) -
Mean age (SD) 51.7 (9.8) 51.7 (10.4) 51.8 (9.4) 0.48
Foreign nationality 4(2.3) 2 (2.7) 2 (2.0) 0.78
Marital status 0.78
Single 29 (16.7) 13 (17.6) 15 (15.3)
Married 122 (70.1) 53 (71.7) 68 (69.4)
Divorced 9 (5.2) 3 (4.1) 6 (6.1)
Widowed 7 (4.0) 3 (4.1) 4 (4.1)
Level of education 0.07
Uneducated 2 (1.1) 1(1.4) 1(1.0)
Primary education 11 (6.3) 3 (4.1) 8 (8.2)
Secondary education 56 (36.2) 31 (41.9) 23 (23.5)
University education 99 (56.9) 37 (50.0) 62 (63.3)
Monthly income 0.69
Low 22 (12.6) 9 (12.2) 13 (13.3)
Medium 71 (40.8) 29 (39.2) 40 (40.8)
High 68 (39.1) 33 (44.6) 35 (35.7)
Risk of poverty or social exclusion 16 (9.2%) 6 (8.1) 9 (9.2) 0.67
Physical activity 0.00*
Low 23 (13.2) 10 (13.5) 10 (10.2)
Moderate 53 (30.5) 45 (60.8) 40 (40.8)
High 95 (54.6) 15 (20.3) 47 (48.0)
Adherence to the Mediterranean diet 0.01*
Low 14 (8.0) 10 (13.5) 4 (4.1)
Moderate 100 (57.5) 45 (60.8) 53 (54.1)
High 49 (28.2) 15 (20.3) 34 (34.7)
Distance to the nearest park, meters, mean (SD) 430.1 (253.6) 430.2 (264.1) 432.4 (247.4) 0.28
P<25 44 (25.3) 22 (29.7) 21 (21.4)
P25-P75 87 (50.0) 32 (43.3) 54 (55.1)
P>75 43 (24.7) 20 (27.0) 23 (23.5)

Abbreviations: P, percentile; SD, standard deviation.

The column labelled ‘‘p’’ refers to the chi-square test for qualitative variables and the Student’s t-test for quantitative variables. An
asterisk (*) indicates p < 0.05. Discrepancies in totals are due to missing responses on certain variables or incomplete questionnaires

from some participants.

exercise that is positive for maintaining good cholesterol
levels.%5-¢7

With respect to the anthropometric findings, the study
revealed no statistically significant correlation between
waist circumference and proximity to the park. However,
a notable trend emerged, with individuals residing closer
to the park exhibiting lower waist circumferences. Addi-
tionally, the analysis revealed a statistically significant
association between distance to the park and better BMI,
especially in men. BMI is linked to physical activity, which
could be attributed to increased engagement in strength-
building exercises among males, which may have a positive
impact on this parameter. %686

In relation to physical activity levels, it is imperative to
emphasize the findings of this study in the context of the
recommendations established by the World Health Organi-
zation (WHO). According to the WHO, adults should engage
in 150-300 min of moderate physical activity and 75-150 min
of vigorous activity per week.”® The participants in this study
met the minimum recommended levels of activity. However,
it is worth noting that people living within 550 m of a park
had consistently higher levels of physical activity than those
living more than 550 m away did, and this was true for both
sexes. This highlights the potential role of accessible recre-
ational spaces in promoting healthier lifestyles.

The present study revealed a statistically significant cor-
relation between the 25th percentile and the 25th-75th per-
centiles. This is equivalent to values of <250 m and between
260 m and 550 m, respectively. A distance of less than 250 m
would be equivalent to a three-to-five-minute walk, thereby
facilitating frequent and expeditious access to the park.
Conversely, individuals residing between 260 and 550m,
which is equivalent to approximately a five- to ten-minute
walk, still have relatively convenient access.”’”? Notably,
those who live in proximity to parks may inhabit areas with
superior socioeconomic and urbanistic conditions, which has
been associated with enhanced health outcomes.”*"*

Among the strengths of this study is the use of the
distance to the nearest park as a measure of residen-
tial greenness, which implicitly includes accessibility to
green space, a relevant aspect for analysis. Moreover,
no prior studies have employed this measure to assess
cardiometabolic health, as the NDVI is generally used,
although it is not able to distinguish accessibility to green-
ery. However, several notable limitations were discerned,
including the small sample size of only 174 subjects,
which might have limited the statistical power needed
to detect statistical significance. Additionally, the cross-
sectional design of the study constrains the capacity to
infer causal relationships between the analysed variables.
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Table 2 Differences in anthropometry, blood test and physical activity by distance to the nearest park percentiles, adjusted

for age, sex and education level.

Low Moderate High p

(percentile <25)
Range: 30-250m

(percentile 25-75)
Range: 260-550m

(percentile >75)
Range: 600-1600m

Blood test, mean (SD)

Total cholesterol 187.9 (39.7) 189.6 (34.2) 187.8 (38.4) 0.97
n=40 n=77 n=33

Triglycerides 89.2 (35.4) 102.6 (53.5) 113.8 (56.6) 0.06
n=39 n=76 n=31

HDL cholesterol 63.0 (18.5) 60.2 (14.1) 53.8 (11.8) 0.02*
n=39 n=74 n=32

LDL cholesterol 108.2 (33.0) 115.3 (33.1) 113.8 (33.2) 0.70
n=38 n=74 n=32

Glucose 93.5 (13.7) 92.0 (14.1) 83.5 (9.5) 0.48
n=40 n=73 n=33

Glycosylated hemoglobin 5.5 (0.4) 5.5 (0.5) 5.4 (0.4) 0.79
n=39 n=78 n=33

Anthropometry, mean (SD)

BMI 26.9 (5.7) 25.4 (4.3) 27.7 (5.0) 0.03*
n=42 n=82 n=42

Waist circumference 93.3 (15.0) 90.2 (12.0) 95.5 (16.0) 0.08
n=42 n=82 n=42

Weight 76.6 (17.1) 69.9 (14.6) 78.2 (17.9) 0.03*
n=42 n=82 n=42

Physical activity, weekly minutes

Light 1444 (1219) 1612 (1231) 1527 (1003) 0.84
n=42 n=82 n=41

Moderate 637 (924) 579 (1028) 585 (1062) 0.97
n=42 n=82 n=41

Vigorous 1897 (2169) 1165 (1684) 1038 (1850) 0.08
n=42 n=82 n=41

Total 3978 (3151) 3357 (2677) 3150 (3200) 0.42
n=42 n=82 n=41

Abbreviations: BMI, body mass index.

ANCOVA results with a significance level at p <0.05 represented by and asterisk (*). Discrepancies in totals are due to missing data from
participants who did not undergo blood testing, anthropometric measurements, or did not complete the physical activity questionnaire.

Finally, it was not possible to use the NDVI index in the
main analyses because the city of interest in this study
is small and has homogeneous greenery, which makes this
index inappropriate.”>7°

The findings of this study have significant implications
for practice, indicating the potential role of urban green
spaces in promoting cardiometabolic health. Residing at up
to 550 m from a park has been linked with favourable alter-
ations in the lipid profile and a reduction in the prevalence
of obesity. This evidence reinforces the importance of pub-
lic policies aimed at increasing and preserving accessible
green spaces, thus contributing to the general well-being of
the population.

Conclusions

In conclusion, the results of this study indicate that residing
at a distance of up to 550 metres from a park is signifi-
cantly associated with higher levels of HDL cholesterol, as
well as lower body weight and BMI. Furthermore, the find-
ings showed a trend toward improvements in triglycerides
and vigorous physical activity among those living closer to a
park. These findings emphasize the significance of proxim-
ity to urban green spaces for metabolic health, which could
have implications for urban design and public policies aimed

at enhancing population well-being. Nevertheless, further
studies are needed to investigate the potential causes and
mechanisms underlying these associations.
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