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Evidence favoring a beneficial association between greenness and blood pressure (BP) in adults is accumulating. However,
children and adolescents have been understudied accordingly. Methodologically, the data on “exposure” to residential green
spaces are commonly satellite-derived, including rare existing studies on the relationship between proximity to green spaces and
BP in children. Despite perfectly obliterating subjective biases, remote sensing methods of greenness data collection fail to address
pragmatic interaction with such settings. (is study aimed to assess the relationship between subjective proximity to green spaces
and average/elevated BP in children.(rough our study, systolic and diastolic BPs of 12,340 schoolchildren living in CASPIAN-V
study areas were examined and recorded. We performed surveys to obtain the data on their proximity to green spaces, defined as
having access to such spaces within a 15-minute walk from their homes. Linear mixed-effects models with BP as the outcome
variable and the measure of exposure to green spaces as fixed-effect predictor were applied. (e analysis was adjusted for several
covariates. We found that perceived residential proximity to green spaces was associated with −0.08mmHg (95% confidence
intervals (CIs): −0.58, 0.41; p value� 0.72) reduction in systolic BP and −0.09 (95% CIs: −0.49, 0.31; p value� 0.66) reduction in
diastolic BP. We also observed statistically nonsignificant odds ratio of 1.03 (95% CIs: 0.76, 1.39), 0.96 (95% CIs: 0.80, 1.16), and
0.98 (95% CIs: 0.82, 1.16) for isolated systolic/diastolic hypertension and hypertension, respectively. Our observations remained
consistent after adjustment for height, parental employment, low birth weight, parental obesity, single parent, and breastfeeding.
In conclusion, subjective proximity to green spaces might not be associated with a lower mean BP in children. Well-designed
studies applying both subjective and objective data should be performed to elaborate on the relationship further.

1. Introduction

Over the past decades, the prevalence of noncommunicable
diseases (NCDs) has risen strikingly, indicating an alarming
worldwide epidemic [1]. Consequently, NCDs and primarily
cardiovascular diseases have taken over as the chief cause of

morbidity and mortality, accounting for 71% of annual
deaths globally [1]. Accumulating evidence is shedding light
on the tracks of NCDs and specifically cardiovascular dis-
eases in the preadulthood, highlighting the significance of
early environmental exposures [2–8]. Accordingly, child-
hood and adolescence could be considered opportunities to
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prevent NCDs from happening later in life through envi-
ronmental and behavioral interventions.

As evidenced, habitual factors (i.e., diet, physical activity, use
of tobacco, and alcohol consumption), hereditary susceptibility,
and stress, as well as sociodemographic/economic status and
cultural alterations, contribute to the conditions predisposing a
person to cardiovascular disease, embodying elevated blood
glucose and lipids, obesity, and most notably high blood
pressure (BP) [9].

In addition to classically established risk factors for high BP
and hypertension (HTN), the role of urban environmental
exposures, namely, disposal to air and noise pollutions, has
gained attention owing to the recent research studies [10–15].
Besides, exposure to green environments may diminish the risk
of high BP and HTN in adults, presumably through enhancing
physical activity and alleviating stress as well as being subject to
air/noise pollutants [16–19].

(e benefits of green spaces in children and adolescent
are relatively well-documented; exposure to greenness has
been associated with mental and behavioral advantages
[20–22], less asthma prevalence and symptoms [23, 24],
better lung functionality [25], and reduction in insulin re-
sistance [26] and obesity [27, 28]. Howbeit, the evidence
linking the green space exposure to BP in children and
adolescents has faced scarcity. Studies have indicated that
schoolyard “greening” and green exercise are associated with
lower systolic (SBP) and diastolic blood pressure (DBP) in
children [29, 30]. In a recent attempt, Xiao et al. have
demonstrated higher greenness around school associates
with lower SBP and lower odds of HTN [31]. Data on the
residential greenness and BP in children, however, are
confined to the sole existing study concluding that children
residing in urbanized areas tend to be prone to higher mean
systolic and diastolic BP levels than those inhabiting green
neighborhoods [32].

While previous studies evaluated the proximity to green
spaces mostly by analyzing the data obtained from satellites,
reported as normalized difference vegetation index (abbr.
NDVI) in a considerable number of cases, the relationship
between perceived proximity to green spaces and children
wellbeing yet has not been described in the medical liter-
ature. Nevertheless, the perception of the adjacent resi-
dential green spaces might link the existence of such spaces
to experiential contact with them.

Conducting this study, we aim to evaluate the association
between subjective proximity to green spaces and BP in
children and adolescents. Towards this purpose, we also
measure these associations variation by socioeconomic
status, level of urbanity, and sex.

2. Materials and Methods

2.1. Study Area. Iran is a country located in west Asia
spanning 1,648,195 km2 with a total population of 79.9
million (density: 48.49 persons/km2), f which 59.1 million
(74%) live in urbanized areas [33]. Approximately 85% of
Iran’s lands is rather arid or semiarid [34] consisting of 14%
arable land, 8% forest, 55% natural pastures, and 23% desert
[35, 36].

2.2. Study Setting. (is study was conducted as a part of the
fifth survey of a national surveillance program entitled the
Childhood and Adolescence Surveillance and PreventIon of
Adult Non-communicable disease study (CASPIAN-IV,
2015). Applying a multistage/stratified cluster sampling
method, we surveyed a population-based sample of 14,400
schoolchildren aged 7–18 in urban and rural areas of thirty
provinces of Iran. A detailed description of the sampling and
data collection methods is published elsewhere [37]. In brief,
from each province, 480 students were recruited. Sampling
within each province was carried out according to the
student’s residence (urban or rural) and education level
(primary or secondary school) using the proportional to size
method with an equal sex ratio.

Consequently, the ratio of participants in urban and rural
areas and each grade in each province was proportional to the
number of schoolchildren studying in urban and rural areas and
in each grade in that province. A cluster sampling method was
then used to achieve the required sample size for rural and
urban areas and each province’s grade. Clusters were deter-
mined at school levels with ten schoolchildren (and their
parents) in each cluster, resulting in 48 clusters in each province.

(is study was approved by (e Research and Ethics
Council of Isfahan University of Medical (Project Number:
194049). Written informed consent and verbal consent were
obtained from the parents and schoolchildren, respectively,
after thorough clarification of the study aims and protocols.

2.3. Questionnaire Data. Two discrete questionnaires were
designated for schoolchildren and their parents. Data on
subjective proximity to green spaces were acquired through
the schoolchildren’s questionnaire, while data on covariates
and mediators were obtained from parents. In-person in-
terviews were conducted for each of the research partici-
pants to obtain these data. (e details of questionnaires used
in CASPIAN-V and circumstances under which the inter-
views were conducted have been described elsewhere [37].

2.3.1. Subjective Proximity to Green Spaces. In the section of
the green space in the questionnaire, schoolchildren were
questioned if they have access to a green space following a
15-minute walk from their home with possible answers as
“yes,” “no,” and “I do not know.” Green spaces were defined
as parks, land covered with growing trees, agricultural fields,
gardens, etc.

2.3.2. Covariate and Mediator Data. Data on sociodemo-
graphic characteristics (e.g., maternal and paternal educational
attainment, employment, marital status, and homeownership),
familymedical history (e.g., history of HTN in students first and
second relatives), and parental anthropometric measures (e.g.,
weight and height) were obtained by questionnaires.

2.3.3. Blood Pressure. We applied the auscultatory method
to measure the children’s BP: schoolchildren’s BP was
evaluated on the right arm supported to the heart level while
sitting. A standard mercury sphygmomanometer with a

2 Journal of Environmental and Public Health



convenient cuff size was utilized for each, and a stethoscope
was placed over the brachial artery to monitor Korotkoff
sounds. (e blood pressure was measured twice following a
5-minute interval, and the average was recorded [38].

We defined systolic HTN and diastolic HTN as average
systolic BP (SBP) and diastolic BP (DBP) that is ≥95th
percentile for sex, age, and height [38].

HTN was defined as the existence of one/both of the
mentioned conditions. Prehypertension was described as
mean SBP/DBP levels that are ≥90th percentile but less than
95th percentile [38].

However, in line with Kaelber and Pickett’s simplified
definition of elevated BP in children, we used their cutpoints
corresponding to the lower limit of height (5th percentile) in
the prehypertensive BP range (≥90th percentile) for a given
age and gender [39, 40].

2.4. Main Analyses. Because of the data’s multilevel nature,
we used linear mixed-effects models with BP as the outcome
variable, each level of green space exposure (one-at-a-time)
as the fixed-effect predictor, and recruitment center and
cluster as the random effects. (e analyses were adjusted for
several covariates identified a priori: child’s age, sex, parental
and family history of HTN (yes/no), exposure to environ-
mental tobacco smoke (yes/no), urbanity (urban/rural), and
indicators of socioeconomic status (SES) including parental
educational attainment (highest degree attained by either
parent: primary school/secondary school/university), house
ownership (owning the house: yes/no), and school type
(private/public).

2.5. Sensitivity Analyses. We used systolic and diastolic
pressures divided by height as alternative outcomes [39, 40].We
also further adjusted our analyses for parental employment
(unemployed/employee/self-employed), low birth weight (yes/
no), parental obesity (at least one parent being obese: yes/no),
single parent (yes/no), and breastfeeding (at least six of exclusive
breastfeeding: yes/no). For themain analyses, we excluded those
participants answering “I do not know” to our question
(N� 289). We conducted a sensitivity analysis by including
these participants as another group in our proximity variable,
resulting in three categories: “yes,” “no,” and “I do not know.”
To evaluate the influence of age on our findings, especially in
terms of the accuracy of the reported use and proximity of green
space in younger children, we stratified our analyses based on
our participants median age (i.e., 12 years old).

2.6. Further Analyses. We developed logistic mixed-effects
models using systolic HTN, diastolic HTN, and HTN
(previously defined in Section 2.3) as an outcome variable
with an equal set of random/fixed-effect exposure and
covariates main analyses.

3. Results

In the present study, 12,340 students out of 14,440 and one of
their parents completed the survey. Our participants consisted
of 6,092 (49.37%) girls and 6,248 (50.63%) boys. (e median
and interquartile range for age were 12 and 5, respectively. 8,807

(71.37%) were from urban areas, while 3,533 (28.63%) had rural
backgrounds. 91.60% of the participants attended public school.
In our analysis, we found that 8,035 (65.11%) of our participants
had proximity to green spaces, while 4,305 (34.89%) did not
(Table 1). Data on homeownership/parental educational status
and familial history of HTN could be found in Tables 2 and 3,
respectively.

Perceived residential proximity to green spaces was asso-
ciated with −0.08mmHg (95% confidence intervals (CIs):
−0.58, 0.41, p value� 0.72) reduction in SBP and −0.09 (95%
CIs: −0.49, 0.31, p value� 0.66) reduction in DBP; however,
none of the associations was statistically significant.

3.1. Further Analyses. Perceived residential proximity to
green spaces did not have any statistically significant asso-
ciation with measures of HTN as we observed nonsignificant
odds ratio (95% CIs) of 1.03 (0.76, 1.39), 0.96 (0.80, 1.16),
and 0.98 (0.82, 1.16) for systolic HTN, diastolic HTN, and
HTN, respectively.

3.2. Sensitivity Analyses. Using SBP and DBP divided by
height did not change our findings significantly. Similarly,
our observations remained consistent after further adjust-
ment of parental employment analyses, low birth weight,
parental obesity, single parent, and breastfeeding. Likewise,
applying the alternative classification of perceived proximity
to green spaces did not considerably change our results.

4. Discussion

To our knowledge, this study is the first to report on the as-
sociation between perceived proximity to green spaces and BP
in children and adolescents. Recruiting questionnaires to assess
perceived proximity to green spaces and physical examinations
to measure BP, we conducted this study based on a large na-
tionally representative sample of Iranian schoolchildren [37].
Although we observed a reduction in mean SBP and DBP in
association with subjective proximity to green spaces, none
attained statistical significance. Similarly, we observed no sta-
tistical significance regarding the association between such
exposure and elevated BP.

Evidence on the relationship between exposure to greenness
and BP is emerging, and documentation supporting the as-
sociation between green space exposure and BP in children and
adolescents is phenomenal. A study carried out on children
living in the Munich and Wesel study areas of the German
GINIplus and LISAplus birth cohorts confirmed that children
residing in the urbanized areas tend to have higher mean SBP
and DBP levels compared to those living in green neighbor-
hoods [32]: SBP of children living at low and moderate green
residences was 0.90±0.50mmHg and 1.23±0.50mmHg
higher, compared to the SBP of children living in areas of high
greenness (p � 0.073 and p � 0.041, respectively). Similarly,
analyzing DBP resulted in resembling favorable results [32]. In
the most recent attempt, Xiao et al. probed the greenness
around seven schools in China and its association with BP in
children [31]. (rough the course of their study, they observed
that a 0.1 unit elevation in green space exposure was
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significantly associated with a −1.39 (95% CI: −1.86, −0.93)
mmHg reduction in SBP lower odds of HTN (OR� 0.76, 95%
CI: 0.69, 0.82); the associations were more robust in children
with a higher BMI. However, in their model, no significant
association was observed between greenness and DBP. (e
results of our study, however, were inconsistent with the

mentioned studies as we observed no statistically significant
association between subjective proximity to green spaces and
neither SBP nor DBP.

Nevertheless, our work was in line with Bloemsma et al.
study, unsuccessful in characterizing an association between
exposure to green space and cardiometabolic health in ado-
lescents [41]. Likewise, Gutiérrez-Zornoza et al. concluded that
residential distance to green spaces does not determine the
cardiometabolic risk in schoolchildren aged 10 to 12 [42].
Although the mentioned studies did not focus on BP as the
primary endpoint, they recruited it as a cardiometabolic risk
criterion.

Additionally, a growing number of studies have investigated
the longitudinal relationship between early green space expo-
sure and BP status in adulthood. For instance, through work on
New England Family Study data, Jimenez and colleges found
that residing a mile away from a green space at birth was as-
sociated with higher SBP (5.6mmHg; 95% CI: 0.7, 10.5) and
DBP (3.5mmHg; 95%CI: 0.3, 6.8) in adulthood.Moreover, one
extra residential green space at birth was also associated with
lower adulthood DBP (−0.2mmHg, 95% CI: −0.4, −0.02) [43].
In another longitudinal study on 178 twins, Bijnens and colleges
noted an association between interquartile elevation in exposure
to residential greenness (1000m radius) with lower adult SBP at
night (3.59mmHg; 95% CI: −6.0, −1.23). Shifting “early ex-
posure” to the next level, a recent study has figured that an
interquartile increase in the prenatal residential greenness was
significantly associated with 1.2mmHg reduction in neonatal
both SBP and DBP (95% CI: −2.5, 0.1; and 95% CI: −2.4, −0.0,
respectively).

Different studies have applied various metrics to evaluate
the level of exposure to green spaces, most of which depend on
actual satellite-derived data. On the contrary, measuring the use
of such spaces has drawn attention recently, which majorly
stems from the fact that the existence of such spaces does not
necessarily imply the use of them. Simultaneously, the accu-
mulating evidence has acknowledged the mediating role of
interaction with green spaces in their trajectory of health
beneficence.

Cognition toward residential environmental may pro-
voke actual interaction with them [44, 45].

We hypothesized that the perception of green spaces is
the link between the existence and use of such spaces. In line
with us, it has been indicated that subjective proximity to
green spaces predicts green space visits in adolescents more
precisely compared with the objective extent of residential
green space [46]. To the best of our knowledge, not a single
study yet has addressed the perceived proximity to green
spaces in association with BP, neither in adults nor children/
adolescents. However, in our model, we could not represent
a significant logical association between the perception of
residential green spaces and blood pressure in children or
adolescents in Iran.

(e distribution of green spaces in Iran (Figure 1) en-
counters two major obstacles resulting in inequality. First, a
historical trend of extreme climatic dispersion—varying
from hot arid to subtropical—with average annual precip-
itation ranging from zero in the central desert of Iran to over
1,250mm in sub-Caspian coasts contributing to extreme

Table 1: Sociodemographic characteristics of study participants
(students) and green space subjection status.

Variable Description
Sex
Female 6,092 (49.37%)
Male 6,248 (50.63%)

Living area
Urban 8,807 (71.37%)
Rural 3,533 (28.63%)

School type
Public 11,303 (91.60%)
Private 940 (7.62%)
Missing 97 (0.79%)

Subjective green space proximity
No 4,305 (34.89%)
Yes 8,035 (65.11%)

Passive smoker
No 7,094 (57.49%)
Yes 5,246 (42.51%)

Table 2: Education and homeownership of the participants
(parents).

Variable Description
Parental education
No or primary school 3,418 (27.70%)
Secondary school 6,594 (53.44%)
University 2,176 (17.63%)
Missing 152 (1.23%)

Homeownership
No 2,084 (16.89%)
Yes 10,146 (82.22%)
Missing 110 (0.89%)

Table 3: History of HTN in parents, grandparents, and second-
degree relatives (i.e., aunts and uncles) of students.

Father
No 10,972 (88.91%)
Yes 1,093 (8.86%)
Missing 275 (2.23%)

Mother
No 10,807 (87.58%)
Yes 1,325 (10.74%)
Missing 208 (1.69%)

Grandparents
No 5,999 (48.61%)
Yes 5,969 (48.37%)
Missing 372 (3.01%)

Aunts/uncles
No 9,594 (77.75%)
Yes 2,507 (20.32%)
Missing 239 (1.94%)
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Figure 1: Mean NDVI in Iran, 1988–2015 (used with permission from Fakharizadehshirazi et al. [49]): (a) spring; (b) summer.
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Figure 2: Map of urbanity in Iran by provincial divisions. Data were extracted from the statistical center of Iran [33].
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natural greenness diversity with an in-land area consisting of
14% arable land, 8% forest, 55% natural pastures, and 23%
desert [35, 36]. And second, a significant disproportion in
terms of urbanization level observed between provinces
throughout Iran, which in turn, deprive populations of
regular interaction with green settings (Figure 2) [47]. As
noted, by 2016, 74% of Iran’s population lived in urban
regions, moderately above the worldwide average (58%)
[48], which may contribute to the green space deprivation
compared to the international trend.

Previous studies, applying an experimental design,
mainly focused on exposure to green spaces in both labo-
ratory settings and nature in adults, aiming to assess the
impact of confrontation on physiological stress parameters
(for a review, see [50]). (e mechanisms involved in stress
consolation due to green space exposure have been outlined,
particularly by “Ulrich’s psycho-evolutionary theory” [51].
Based on the fore-said theory, humans’ high adaptability to
natural environments versus urban areas emerges from his
extended evolution in the mentioned settings. Accordingly,
being exposed to green spaces develops multiple-system
responses ending in reduced sympathetic function measures
(e.g., lower Cortisol level, lower BP, and lower heart rate)
[51].

Following Ulrich’s theory, some studies approved the
link between subjection to images of greenness in laboratory
setting and walking through them and a rare decrease in BP
in adults; such studies mostly gave credit to the theory above
in a mechanistic point of view [52–54].

5. Limitations

Our cross-sectional analysis by design had a limited capa-
bility to establish a causal relation. We did not have data on
the geocoded residential address of the study participant. It
was therefore not possible to assess objective residential
proximity to green spaces, which could enable us to compare
the effects of subjective and objective proximity to green
spaces on blood pressure. We also did not have data on
neighborhood socioeconomic status, which could have
influenced our findings. However, our analyses for a wide
range of household socioeconomic status indicators could
have partially addressed this.

6. Conclusions

We found that subjective proximity to green spaces had no
perceptible association with a lowermean BP in children and
adolescents through the course of the study. Likewise, no
significant link existed between such proximity and SBP,
DBP, and HTN in the mentioned target group. (e asso-
ciations remained insignificant after adjusting the model for
parental employment, birth weight, parental obesity, single
parent, and breastfeeding status. We recommend further
thorough investigations applying subjective and objective
means of data collection, enabling the comparison between
the association between different metrics of exposure to
green spaces.
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