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ARTICLE INFO ABSTRACT

Background: Green space has been hypothesized to improve cardiometabolic health of adolescents, whereas air
pollution and traffic noise may negatively impact cardiometabolic health.

Objectives: To examine the associations of green space, air pollution and traffic noise with cardiometabolic
health in adolescents aged 12 and 16 years.

Methods: Waist circumference, blood pressure, cholesterol and glycated hemoglobin (HbA1c) were measured in
subsets of participants of the Dutch PIAMA birth cohort, who participated in medical examinations at ages 12
(n = 1505) and/or 16 years (n = 797). We calculated a combined cardiometabolic risk score for each partici-
pant, with a higher score indicating a higher cardiometabolic risk. We estimated exposure to green space (i.e. the
average Normalized Difference Vegetation Index (NDVI) and percentages of green space in circular buffers of
300 m and 3000 m), air pollution (by land-use regression models) and traffic noise (using the Standard Model
Instrumentation for Noise Assessments (STAMINA) model) at the adolescents' home addresses at the time of the
medical examinations. We assessed associations of these exposures with cardiometabolic health outcomes at
ages 12 and 16 by multiple linear regression, adjusting for potential confounders.

Results: We did not observe consistent patterns of associations of green space, air pollution and traffic noise with
the cardiometabolic risk score, blood pressure, total cholesterol levels, the total/HDL cholesterol ratio and
HbAlc. We found inverse associations of air pollution with waist circumference at both age 12 and 16. These
associations weakened after adjustment for region, except for particulate matter with a diameter of < 2.5um
(PM, 5) at age 12. The association of PM, s with waist circumference at age 12 remained after adjustment for
green space and road traffic noise (adjusted difference — 1.42 cm [95% CI —2.50, —0.35 cm] per 1.16 pg/m*
increase in PM, 5).

Conclusion: This study does not provide evidence for beneficial effects of green space or adverse effects of air
pollution and traffic noise on cardiometabolic health in adolescents.
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Katzmarzyk et al., 2001; Morrison et al., 2012). Therefore, it is im-
portant to assess the impact of modifiable determinants on cardiome-
tabolic health in children and adolescents.

1. Introduction

Cardiovascular diseases (CVDs) are the leading cause of death

globally (World Health Organization, 2017). Atherosclerosis progresses
from childhood and adolescence to adulthood. This process is related to
the presence of cardiometabolic markers such as obesity, high blood
pressure, glucose intolerance, high levels of total cholesterol, and low
levels of high-density lipoprotein (HDL) cholesterol (Berenson et al.,
1998). Furthermore, studies have suggested that cardiometabolic
markers, such as blood pressure and body mass index (BMI), track from
childhood and adolescence into adulthood (Juhola et al., 2011;

Green space, air pollution and traffic noise are among the modifi-
able risk factors that may influence cardiometabolic health of children
and adolescents. Green space has been hypothesized to improve car-
diometabolic health outcomes by increasing physical activity levels,
through stress reduction or reduced exposure to air pollution and noise
(Hartig et al., 2014; James et al., 2015). Air pollution may negatively
impact cardiometabolic health through autonomic nervous system im-
balance, pulmonary and systemic inflammation and oxidative stress
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(Araujo, 2010; Giorgini et al., 2016). Noise may affect cardiometabolic
health through a stress response or sleep disturbances (Babisch, 2011;
Munzel et al., 2014).

A meta-analysis has shown that increased exposure to green space
was associated with decreased diastolic blood pressure and high-density
lipoprotein (HDL) cholesterol and a decreased risk of type II diabetes
(Twohig-Bennett and Jones, 2018). However, studies examining the
associations of green space with cardiometabolic health in children or
adolescents are scarce. A study by Gutiérrez-Zornoza et al. found no
associations between the distance from children's homes to green spaces
and cardiometabolic risk in children aged 10 to 12years in Spain
(Gutierrez-Zornoza et al., 2015). A study conducted within the German
GINIplus and LISAplus birth cohorts has shown that 10-year-old chil-
dren with a lower exposure to residential greenness had a higher sys-
tolic (SBP) and diastolic blood pressure (DBP) (Markevych et al., 2014).
In the same German birth cohorts, no associations of residential
greenness with blood lipids were found at ages 10 and 15years
(Markevych et al., 2016). A study in Iranian children aged 7-18 years
showed that children who spent more time in green spaces had lower
fasting blood glucose levels and a reduced risk of impaired fasting
glucose (Dadvand et al., 2018).

Several epidemiological studies assessed the associations of air
pollution or traffic noise with blood pressure in children. A study from
Pakistan found that 8-12 year old children attending a school located in
an area with high levels of air pollution had a higher blood pressure
than children attending a school located in an area with lower levels of
air pollution (Sughis et al., 2012). A previous analysis within the
PIAMA study has shown that long-term exposure to nitrogen dioxide
(NO,) and PM, s absorbance were associated with increased DBP in
children aged 12 years who have lived at the same address since birth
(Bilenko et al., 2015). No associations of road traffic noise with blood
pressure were observed in that study (Bilenko et al., 2015). In contrast,
a study by Liu et al. found positive associations of traffic noise with
blood pressure, but no associations of air pollution with blood pressure
in children aged 10 years from the GINIplus and LISAplus birth cohorts
(Liu et al., 2014). A recent meta-analysis reported a non-significant
increase of 0.20 mmHg in SBP and 0.03 mmHg in DBP per 5 dB increase
in road traffic noise levels at home in children (Dzhambov and
Dimitrova, 2017). No studies have examined the associations of air
pollution or traffic noise with other cardiometabolic health outcomes in
children or adolescents, such as blood glucose or cholesterol levels.

Road traffic is a source of both air pollution and noise (Davies et al.,
2009; Fecht et al., 2016). Higher levels of green space are associated
with lower levels of air pollution and traffic noise (Hystad et al., 2014).
Since green space, air pollution and traffic noise levels are spatially
correlated, it is important to examine the combined associations of
these exposures with health outcomes. Few studies have assessed the
relationships of both air pollution and traffic noise with blood pressure
in children (Bilenko et al., 2015; Liu et al., 2014). However, no previous
epidemiological studies have examined the associations of green space,
air pollution and traffic noise with different markers of cardiometabolic
health in children or adolescents. The aim of the present study is
therefore to evaluate the associations of green space, air pollution and
traffic noise with cardiometabolic health outcomes (waist -cir-
cumference, SBP, DBP, glycated hemoglobin, total cholesterol levels
and the total/HDL cholesterol ratio) in adolescents aged 12 and
16 years.

2. Methods
2.1. Study design and population

We used data from the Dutch population-based Prevention and
Incidence of Asthma and Mite Allergy (PIAMA) birth cohort study. The

design of the PIAMA study has been described elsewhere (Brunekreef
et al., 2002; Wijga et al., 2014). Briefly, pregnant women were
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recruited in 1996/1997 in three different regions of the Netherlands:
north, central and west. Region west includes the city of Rotterdam and
surrounding municipalities and region central includes the provinces of
Utrecht, Gelderland and Flevoland. Region north is largely rural, has a
lower population density and substantially lower air pollution and
traffic noise levels than regions central and west. Green space levels are
highest in region north and lowest in region west. The baseline study
population consisted of 3963 children. Data on growth and develop-
ment, socio-demographic and lifestyle characteristics were collected
through parental questionnaires at the child's age of three months,
yearly until age eight years, and when the children were 11, 14 and
17 years old. Additionally, cardiometabolic health outcomes were
measured during medical examinations at ages 12 and 16 years. Due to
funding restrictions, only adolescents from regions north and central
(n = 2159) were invited for the medical examination at age 16. The
study protocol has been approved by the medical ethics committees of
the participating institutes and all parents and children gave written
informed consent.

In this study, we included adolescents who participated in the
medical examination at ages 12 (n = 1505) and/or 16 (n = 797), and
had data on at least one cardiometabolic health outcome.

2.2. Assessment of cardiometabolic health

Medical examinations were performed by trained staff during home
visits at age 12 and at the University Medical Centers of Utrecht and
Groningen at age 16. Height, weight and waist circumference were
measured while the adolescents were only wearing underwear. Waist
circumference is a measure of central obesity. The distribution of body
fat has been found to be more important than total fat mass in pre-
dicting obesity-related health risks. Excess fat located in the upper
abdominal region is associated with a greater risk than fat located in
other areas. Accumulation of fat mass in the abdominal area increases
the risk of metabolic complications such as diabetes, hypertension and
dyslipidemia (Coulston et al., 2001). Therefore, we have included waist
circumference in the present study. Waist circumference was measured
twice at both ages. If the two measurements differed by > 2 cm, two
new measurements were taken. We used the mean of the two mea-
surements in our analyses.

SBP and DBP were measured using an Omron M6 monitor (Omron
M6, Omron Healthcare Europe BV, Hoofddorp, the Netherlands) ac-
cording to the recommendations of the American Heart Association
Council on High Blood Pressure Research (Pickering et al., 2005). The
cuff (15-22cm or > 22cm, depending on the mid-upper arm cir-
cumference) was placed at the non-dominant upper arm. At both ages
12 and 16 years, BP was measured at least twice with intervals of 5 min
according to a standardized protocol while the adolescent was seated. If
two consecutive measures differed by > 5mmHg, another measure-
ment was taken. We used the mean of the BP measurements in the
present study.

Blood was drawn for the measurement of cholesterol and glycated
hemoglobin (HbAlc). Serum levels of total and HDL cholesterol were
determined enzymatically using Roche automated clinical chemistry
analyzers (Roche Diagnostics, Indianapolis, IN, USA). We included total
cholesterol levels and the total/HDL cholesterol ratio in our analyses.
HbAlc was determined by ion-exchange chromatography using the
Adams Alc HA-8160 HPLC Auto analyzer (Menarini Diagnostics
Benelux, Valkenswaard, the Netherlands).

We also calculated a continuous cardiometabolic risk score for each
participant, based on well-known CVD risk factors. This risk score
combines the components used to define the metabolic syndrome in
adults: excess adiposity, blood pressure, blood lipids and blood glucose
(Ahrens et al., 2014). Previous studies in children and adolescents have
used similar cardiometabolic risk scores (Rioux et al., 2017; Stratakis
et al., 2018). We constructed the risk score without including trigly-
ceride levels, since triglyceride levels have not been measured during
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the medical examination at age 12 years. We first calculated sex- and
age- specific z-scores of waist circumference using the reference data of
the Dutch Fourth Nation-wide Growth Study carried out in 1997
(Fredriks et al., 2000). We also computed sex- and age-specific z-scores
of total cholesterol, non-HDL cholesterol and HbAlc as standardized
regression residuals of linear regression models with cholesterol or
HbAlc as outcomes and age and sex as independent variables. Sex-,
age- and height- specific z-scores of SBP and DBP were calculated using
reference data provided by the American Academy of Pediatrics (Flynn
et al., 2017). The z-scores of SBP and DBP and the z-scores of total
cholesterol and non-HDL cholesterol were averaged. In this way, blood
pressure and cholesterol received the same weight as the other two
components of the score (i.e. waist circumference and HbAlc). Finally,
the z-scores described above were summed to create a single cardio-
metabolic risk score. A higher score reflects a higher cardiometabolic
risk.

2.3. Exposure assessment

We estimated exposure to green space, air pollution and traffic noise
at the adolescents' current home addresses at the time of the medical
examinations at age 12 and 16 years. A detailed description of the ex-
posure assessment has been published previously (Bloemsma et al.,
2018Db).

2.3.1. Green space

We used multiple indicators to estimate residential exposure to
green space. We used the Normalized Difference Vegetation Index
(NDVI) to assess greenness levels around the adolescents' home ad-
dresses (Weier and Herring, 2000). The NDVI was derived from Landsat
5 Thematic Mapper data at a spatial resolution of 30 m x 30 m. NDVI
values range from —1 to 1, with higher values indicating a higher
density of green vegetation. Negative values correspond to water and
were set to zero. We combined cloud free images of the summer of 2010
to create a map of the Netherlands. From this map, we calculated the
average NDVI in circular buffers of 300m and 3000m around the
adolescents' home addresses at the time of the medical examinations at
ages 12 and 16.

We hypothesized that different types of green space may have dif-
ferent effects on cardiometabolic health in adolescents. We assessed the
total percentage of green space and percentages of urban, agricultural
and natural green space in circular buffers of 300 m and 3000 m around
the adolescents' homes. We used TOP10NL of 2016, a highly detailed
land-use map of the Netherlands, to assess the percentages of green
space at the time of the medical examinations at age 16 (Kadaster,
2017). Since TOP10NL was not available before 2016, Bestand Bod-
emgebruik was used to assess the percentages of green space at the time
of the medical examinations at age 12. Bestand Bodemgebruik is an-
other land-use map of the Netherlands, which contains fewer land-use
categories than TOP10NL (Centraal Bureau voor de Statistiek, 2008).
Both TOP10NL and Bestand Bodemgebruik do not include private green
property (such as gardens) and street greenery, in contrast to the NDVI.

We assessed surrounding greenness and the percentages of green
space in ArcGIS 10.2.2 (Esri, Redlands, CA, USA).

2.3.2. Air pollution

We used land-use regression (LUR) models to estimate annual
average concentrations of NO,, particulate matter with diameters
of < 2.5um (PM,5) and < 10 um (PM,,), PM, 5 absorbance (a marker
of black carbon) and the oxidative potential of PM, 5 (electron spin
resonance (OPFSR) and dithiothreitol (OPP™)) at the adolescents' home
addresses. Details of the LUR model development have been described
elsewhere (Beelen et al., 2013; Eeftens et al., 2012; Yang et al., 2015).
Substantial variability in annual average air pollution concentrations
was explained for NO,, PM,s absorbance, PM;,, PM,s and OPESR
(leave-one-out cross validation (RZoocy) = 0.60-0.89) but not for
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OPPTT (RZ50cv = 0.47) (Table S1).

2.3.3. Traffic noise

We estimated annual average road traffic and railway noise ex-
posure using the STAMINA model (Standard Model Instrumentation for
Noise Assessments), which has been developed at the Dutch National
Institute for Public Health and the Environment (Schreurs et al., 2010).
Daily average (Lden) and nighttime average (Lnight) road traffic and
railway noise exposure at the adolescents' home addresses were esti-
mated for 2011. Lden is the A-weighted noise level over a whole day
with a penalty of 5 dB(A) for evening noise (19.00-23.00) and a penalty
of 10 dB(A) for nighttime noise (23.00-07.00). It does not capture oc-
casional very high noise levels (noise peaks). For the road and rail
traffic noise in this study, the noise level patterns are relatively stable
over the year. Because Lden and Lnight were highly correlated
(r = 0.99 for road traffic noise; r = 0.95 for railway noise), we only
included Lden in our analyses.

2.4. Potential confounders

We obtained the following information from parental ques-
tionnaires: Parental level of education as an indicator of family socio-
economic status (SES) (defined as the maximum of the mother's and
father's educational level and categorized as low/intermediate and
high), maternal smoking during pregnancy (yes/no) and any smoking
in the adolescent's home at ages 11 and 16 (yes/no).Pubertal devel-
opment (puberty development scale: 1 = not yet started; 2 = barely
started; 3 = definitely started; and 4 = seems complete) was reported
by the adolescents at ages 11 and 16 (Carskadon and Acebo, 1993). We
assessed neighborhood SES with the status scores of 4-digit postal code
areas from The Netherlands Institute for Social Research (SCP) of 2010
and 2014. Status scores include the average income, the percentage of
low educated residents, the percentage of residents with a low income
and the percentage unemployed persons in a postal code area. A higher
status score indicates a higher neighborhood SES (Knol, 2012).

Epidemiological studies have suggested that ambient temperature
and short-term air pollution concentrations are associated with blood
pressure (Giorgini et al., 2016; Hu et al., 2019; Modesti, 2013; Zeng
et al., 2017). Therefore, when we examined the associations of long-
term exposure to air pollution with blood pressure, we adjusted these
for short-term ambient air pollution concentrations and ambient tem-
perature observed just before the medical examinations took place. We
obtained daily data on ambient temperature from automatic weather
stations of the Royal Netherlands Meteorological Institute and data on
short-term air pollution concentrations, defined as the average of the
air pollution concentrations on the seven days preceding the medical
examinations, from routine background monitoring sites of the Dutch
National Air Quality Monitoring Network.

We observed substantial differences in waist circumference between
adolescents living in different regions of the Netherlands (north, central
and west). The average waist circumference was highest in adolescents
living in region north. We have fitted models with a random intercept
for region to examine the clustering of participants within regions. The
model fit of the models with a random intercept for region did not
improve compared to models without a random intercept (data not
shown). We have therefore decided not to include a random intercept
for region in our analyses, but we have included region as a potential
confounder in a separate model.

2.5. Statistical analyses

We examined the shapes of the unadjusted relationships between
the continuous exposures and cardiometabolic health outcomes by
generalized additive models with integrated smoothness estimation and
an identity link (GAM function; The R Project for Statistical Computing
2.8.0, www.r-project.org) (Figs. S1 and S2). Since the majority of the
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adolescents (82.6% at age 12 and 55.8% at age 16) had no natural
green space in a buffer of 300 m around their homes, we created a
binary variable: natural green space in a buffer of 300 m yes/no.

The Longitudinal Study of Australian Children has found that as-
sociations of green space with BMI and waist circumference are
stronger in older children (Sanders et al., 2015a, 2015b). It is possible
that the benefits of green space exposure accumulate across childhood.
Additionally, as children grow older, they will initiate or withdraw
from activities that involve contact with nature while also developing
different levels of independence from their parents (Sanders et al.,
2015b). Associations between residential exposure to green space and
children's cardiometabolic health may therefore not be consistent
across childhood. Children have a larger lung surface area per unit of
body weight and breathe considerably more air per unit of body weight
than adults. The highest breathing rates are found in the youngest
children (Bateson and Schwartz, 2008). Due to higher breathing rates
and longer periods spent outdoors, younger children may be more ex-
posed to ambient air pollution than older children. Since the associa-
tions of environmental exposures with adolescent's health may differ
between ages 12 and 16 years, we decided to perform separate cross-
sectional analyses and show the associations for both age groups se-
parately. We assessed associations of green space, air pollution and
traffic noise with cardiometabolic health outcomes (waist cir-
cumference, SBP, DBP, HbAlc, total cholesterol levels, the total/HDL
cholesterol ratio and the cardiometabolic risk score) at ages 12 and
16 years in single-exposure models by multiple linear regression ana-
lyses.

We specified three models with increasing level of adjustment for
potential confounders. Model I was the unadjusted model. Model II was
adjusted for sex, exact age at the time of the medical examination,
parental level of education, maternal smoking during pregnancy,
smoking in the adolescent's home, pubertal development and neigh-
borhood SES. Model III was additionally adjusted for region (north,
central or west). Associations with the percentages of urban, agri-
cultural and natural green space were adjusted for the other types of
green space in the same buffer. In models II and III, analyses of HbAlc
were additionally adjusted for the storage time of the blood samples
and analyses of blood pressure were additionally adjusted for cuff size
(15-22 cm or > 22 cm), the room temperature during the medical ex-
amination and the average ambient temperature on the seven days
preceding the blood pressure measurements. Associations of air pollu-
tion with blood pressure were also adjusted for short-term air pollution
levels.

To investigate the relevance of long-term (non-movers) versus more
recent exposures, we excluded adolescents who had moved in the two
years preceding the medical examinations (n = 138 at age 12; n = 41 at
age 16) and repeated the analyses in the subgroup of non-movers. The
statistical analyses were performed with SAS version 9.4 (SAS Institute
Inc., Cary, NC, USA), except the analyses of the linearity of the asso-
ciations, which we performed with R version 3.4.3 (R Core Team).

3. Results
3.1. Population characteristics

Characteristics of the study population and the distributions of the
green space, air pollution and traffic noise levels at ages 12 and 16 are
presented in Table 1. The cardiometabolic risk score ranged from —4.9
to 9.6 at age 12 and from —6.1 to 7.5 at age 16. The majority of the
adolescents had at least one highly educated parent (57.8% at age 12;
62.8% at age 16). Eleven percent of the participants at age 12 had at
least one parent who smoked, whereas this percentage was 6.6 at age
16. At both ages 12 and 16, most adolescents lived in region central
(45.4% and 58.6%, respectively).
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Table 1
Characteristics of the study population and the distribution of green space, air
pollution and traffic noise levels.

Characteristic n (%), mean * SD or median (25th-75th
percentiles)
Age 12 Age 16
N 1505 797
Waist circumference (cm) 66.5 = 6.7 72.3 = 6.7
HbAlc (mmol/mol) 323 £ 25 33.1 £ 2.2
Systolic blood pressure 115.0 = 9.6 116.3 = 9.9
(mmHg)
Diastolic blood pressure 66.7 = 6.5 66.3 + 6.8
(mmHg)
Total cholesterol levels 4.1 = 0.6 3.9 = 0.7
(mmol/L)
Total/HDL cholesterol ratio 3.1 = 0.8 3.0 = 0.8
Cardiometabolic risk score® 0.7 = 1.9 0.2 = 2.0
Boys 735 (48.8) 385 (48.3)
Parental level of education
Low/intermediate 632 (42.2) 294 (37.2)
High 866 (57.8) 496 (62.8)
Maternal smoking during 212 (14.2) 103 (13.0)
pregnancy (yes)
Smoking in adolescent's home 162 (11.0) 50 (6.6)
(yes)
Puberty development scale 1.5 £ 0.5 3.4 =04

Neighborhood SES”
Region®
North
Central
West
Average NDVI in 300 m
Total percentage of green
space in 300 m
Percentage urban green in
300 m
Percentage agricultural green
in 300 m
Percentage natural green in
300m
Buffers that have no natural
green
Average NDVI in 3000 m
Total percentage of green
space in 3000 m
Percentage urban green in
3000m
Percentage agricultural green
in 3000 m
Percentage natural green in
3000m
NO, (ug/m?)
PM, 5 absorbance (10~°/m)
PM;, (ug/m®)
PM_ 5 (ug/m>)
OP™® (A.U./m?)
OP°™ (nmol DTT/min/m?)
Road traffic noise (Lgen dB(A))
Railway noise (Lgen dB(A))

0.25 (—0.43-1.09)

474 (31.5)
683 (45.4)
347 (23.1)
0.55 (0.49-0.62)
11.46 (2.44-28.83)

0.79 (0.00-7.65)

0.00 (0.00-19.13)

0.00 (0.00-0.00)

1240 (82.6)

0.63 (0.56-0.69)
55.91 (39.94-70.33)

2.76 (0.90-4.79)

43.43 (24.56-61.56)

3.81 (1.46-10.79)

22.7 (18.0-26.6)
1.2 (1.0-1.3)
24.5 (24.0-25.0)
16.5 (15.6-16.7)
934.9 (777.7-1027.3)
1.1 (1.0-1.2)
52.4 (49.4-56.3)
30.1 (29.0-37.5)

0.47 (—0.30-1.06)

330 (41.4)
467 (58.6)
0 (0.0)
0.57 (0.51-0.63)
19.80 (11.74-35.14)

10.23 (4.41-15.63)

0.81 (0.00-17.67)

0.00 (0.00-1.68)

444 (55.8)

0.66 (0.61-0.70)
58.79 (48.83-68.58)

5.71 (2.53-9.67)

42.69 (25.27-56.89)

5.61 (2.45-15.07)

21.2 (16.7-24.6)
1.2 (1.0-1.3)
24.4 (24.0-24.8)
16.5 (15.5-16.7)
933.1 (765.6-1035.8)
1.1 (0.9-1.2)
52.1 (49.0-55.7)
29.0 (29.0-36.6)

Abbreviations: SES = socioeconomic status; OPESR = electron spin resonance;
OPP™™ = dithiothreitol; NDVI = Normalized Difference Vegetation Index.

@ A higher cardiometabolic risk score reflects a higher cardiometabolic risk.

b A higher score indicates a higher SES.

¢ North: provinces Friesland, Groningen, Drenthe; Central: provinces
Utrecht, Gelderland, Flevoland; West: Rotterdam and surrounding munici-
palities.

3.2. Green space, air pollution and traffic noise

The percentage of urban green space and total percentage of green
space in a buffer of 300 m were higher at age 16 than at age 12
(Table 1). Table S2 shows the Spearman correlations between the air
pollutants, traffic noise and green space indicators at ages 12 and 16.
The estimated concentrations of NO, and PM,s absorbance were
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Average NDVI 300m

Total green 300m

Urban green 300m
Agricultural green 300m
Natural green 300m (yes/no) k
Average NDVI 3000m

Total green 3000m

Urban green 3000m
Agricultural green 3000m t
Natural green 3000m

NO2

PM2.5 absorbance
PM10 ——

PM2.5 t

OPESR k

OPDTT

Road traffic noise
Railway noise

—o—

-0.6 -0.4 -0.2 0.0 0.2 0.4

B (95% Cl)

0.6 -0.8 -0.4 0.0 0.4 0.8 1.2

B (95% ClI)

Fig. 1. Associations of green space, air pollution and traffic noise with the cardiometabolic risk score at age 12 and 16 years. Associations are shown for an
interquartile range increase in exposure, except for natural green in a buffer of 300 m. Adjusted for sex, age, parental level of education, maternal smoking during
pregnancy, smoking in the adolescent's home, pubertal development, neighborhood socioeconomic status and region.

moderately, positively correlated with road traffic noise levels
(r = 0.40 to 0.47). Correlations of the green space indicators with the
various air pollutants ranged from —0.14 to —0.71 and the correlations
of the green space indicators with traffic noise ranged from —0.17 to
—0.46 (Table S2).

3.3. Associations of green space, air pollution and traffic noise with
cardiometabolic health

Most of the associations of green space, air pollution and traffic
noise with cardiometabolic health were linear or almost linear (Figs. S1
and S2). We have therefore decided to use all exposures as continuous
variables in our analyses. We have expressed the associations as the
change in cardiometabolic health outcome per interquartile range in-
crease (IQR) in exposure. For model III, we have additionally categor-
ized exposures into quartiles when exposures were not linearly asso-
ciated with at least one cardiometabolic health outcome. The results of
the analyses with quartiles of exposure are displayed in Fig. S3 and
Table S8. Fig. 1 and Table S3 show the associations of green space, air
pollution and traffic noise with the cardiometabolic risk score at ages
12 and 16. We found no associations of the exposures with the cardi-
ometabolic risk score at age 12. At age 16, we observed negative re-
lationships between the air pollutants (except OPP™) and the cardio-
metabolic risk score in models I and II (Table S3). These relationships
weakened and were no longer statistically significant after adjustment
for region (Fig. 1).

The associations of green space, air pollution and traffic noise with
the individual cardiometabolic health outcomes are presented in Tables
2 and 3 and Tables S4-S7. We found no consistent pattern of associa-
tions between the exposures and blood pressure, total cholesterol levels,
the total/HDL cholesterol ratio and HbAlc at either age 12 or 16.

At both ages 12 and 16, we observed inverse associations of the air
pollutants with waist circumference. After adjustment for region, these
associations attenuated and were no longer statistically significant,
except for PM, 5 at age 12 (adjusted difference — 1.11 cm [95% con-
fidence interval (CI) —2.08, —0.13cm] per 1.16 ug/m3 increase in
PM,5) (Tables 2 and 3). We also found associations of the total per-
centage of green space in buffers of 300 m and 3000 m with waist

circumference at age 12 (Table S8). However, these associations were
not consistent across quartiles of exposure. We found no associations
between traffic noise and waist circumference.

In multi-exposure models with adjustment for green space in a
buffer of 300 m and traffic noise, we still observed inverse associations
of the air pollutants with waist circumference at both age 12 and 16
(except for OPP™ at age 12) (Table 4). These associations weakened
after adjustment for region, except for PM,s absorbance (adjusted
difference — 0.89 cm [95% CI —1.62, —0.17 cm] per 0.29 X 10~ 5/m
increase) and PM, 5 at age 12 (adjusted difference — 1.42 cm [95% CI
—2.50, —0.35cm] per 1.16 ug/m3 increase).

Excluding adolescents who had moved in the two years preceding
the medical examinations did not influence the results (Tables S9-S11).

4. Discussion
4.1. Main findings

We found no consistent pattern of associations of green space, air
pollution and traffic noise with the cardiometabolic risk score, blood
pressure, total cholesterol levels, the total/HDL cholesterol ratio and
HbA1lc in adolescents aged 12 and 16 years. We observed inverse as-
sociations of air pollution with waist circumference at both ages 12 and
16, which attenuated after adjustment for region.

4.2. Comparison with other studies in children or adolescents and possible
explanations for our findings

4.2.1. Green space

We did not find associations of green space with cardiometabolic
health in adolescents aged 12 and 16 years. This is in line with a study
by Gutiérrez-Zornoza et al. that found no associations between the
distance from children's homes to green spaces and cardiometabolic risk
in 956 schoolchildren aged 10 to 12years in rural areas in Spain
(Gutierrez-Zornoza et al., 2015). Our results are also in line with a study
by Markevych et al. that found no associations of residential greenness
with blood lipids at ages 10 and 15 years in 1552 children participating
in two German birth cohorts (Markevych et al., 2016). Our findings are,
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showed a non-significant increase of 0.20mmHg in SBP and
0.03mmHg in DBP per 5dB increase in road traffic noise levels at
children's homes (Dzhambov and Dimitrova, 2017). In line with the
findings from this meta-analysis, we did not observe statistically sig-
nificant associations between residential exposure to road traffic noise
and blood pressure in adolescents. No previous studies have assessed
the relationships of traffic noise with waist circumference, cholesterol
or HbAlc in children or adolescents.

4.3. Strengths and limitations

Strengths of our study include the availability of multiple objec-
tively measured cardiometabolic health outcomes, which allowed us to
calculate a combined risk score to estimate an adolescent's individual
cardiometabolic risk. Moreover, we had data on multiple spatially
correlated environmental exposures that may be associated with car-
diometabolic health in adolescents. The inclusion of detailed and spe-
cific indicators of exposure to green space is another strength of this
study. We used several indicators to assess residential exposure to green
space. Most previous studies only used the total percentage of green
space or average NDVI in several buffers around participants' homes to
assess exposure to green space (James et al., 2015). We additionally had
information on specific types of green spaces (urban, agricultural and
natural), potentially giving an indication of the usability of these green
spaces for our study participants.

This study has also some potential limitations. Because of the cross-
sectional design of our study, it is not possible to distinguish causes
from effects. Moreover, while we have a more detailed set of green
space indicators compared to other studies, we did not know if and how
often our study population used the green spaces located within the
specified buffers. In the PIAMA study, information on green space visits
was available when the children were 17 years old. We have previously
shown that these 17-year-olds did make use of green spaces, but that
the frequency of green space visits was not associated with the amount
of green space in buffers around their homes (Bloemsma et al., 2018a).
Another limitation is that we used purely spatial air pollution models
that were based on measurement campaigns performed in 2009 to es-
timate air pollution exposure during the medical examinations at age
12 (in 2008-2010) and 16 (in 2012-2014). However, our assumption of
constant spatial contrasts in air pollution levels is supported by several
studies from Europe that have shown that the spatial variation in air
pollution concentrations remain stable over periods of seven years and
more (Cesaroni et al., 2012; Eeftens et al., 2011; Fecht et al., 2016).
Like most previous epidemiological studies, we only had information on
traffic noise levels outside the adolescents' home addresses and no in-
formation on orientation of the bedroom, window type and indoor in-
sulation, which may affect an adolescent's actual exposure to noise. We
therefore cannot rule out the possibility of misclassification of in-
dividual exposure to traffic noise.

Children in the PIAMA cohort were recruited from the general po-
pulation, but children of lower educated parents were under-
represented. There was selective loss to follow-up of children with
lower paternal and maternal education, i.e. parents of children in the
current study population were higher educated than parents of the
baseline PIAMA study population. Exposure to secondhand smoke also
decreased between the medical examinations at ages 12 and 16 years,
which partly reflects the general trend of a decreasing percentage of
smokers in the Dutch population (Volksgezondheidenzorg.info, 2019).
The associations of air pollution and traffic noise with cardiometabolic
health may be assumed to be in the same direction for children of
parents with low or high education, implying that generalizability of
these findings is not limited to highly educated populations. It has been
suggested that persons with lower levels of education have a greater
health benefit from green space exposure compared to those with
higher levels of education (James et al. 2015). If this also applies to
children of lower educated parents in the Netherlands, it would imply
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that we may have missed beneficial effects of green space in our study
population that has a relatively low proportion of children of lower
educated parents.

5. Conclusion

This study does not provide evidence for beneficial effects of green
space or adverse effects of air pollution and traffic noise on cardiome-
tabolic health in adolescents aged 12 and 16 years.
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