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Abstract

Background: Evidence on the relationship between exposure to greenness and adolescent
mental health is limited. The purpose of this study was to examine the association between
greenness throughout childhood and mental health at age 12 years.

Methods: We assessed greenness using the satellite-based measure of Normalized Difference
Vegetation Index (NDVI) within 200m, 400m, and 800m of home address at birth, age 12

years, and across childhood (averaged for each year from birth to age 12) among the Cincinnati
Childhood Allergy and Air Pollution Study (CCAAPS) cohort. Self-reported symptoms of anxiety
and depression were assessed at age 12 years using the Spence Children’s Anxiety Scale (SCAS)
and Children’s Depression Inventory 2 (CDI 2), respectively. Associations were estimated using
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linear regression, adjusting for covariates including traffic-related air pollution, neurological
hazard exposure, blood lead level, household income, and community deprivation.

Results: In adjusted models, NDVI was largely not associated with self-reported anxiety and
depression symptoms, except for the SCAS separation anxiety subscale at 400m and 800m (0.1
unit increase mean NDVI 400m: § = -0.97, 95% CI: -1.86, —0.07; 800m: § = -1.33, 95% CI:
-2.32,-0.34).

Conclusion: While we found no direct relationship between greenness and overall symptoms
of anxiety and depression in adolescents upon adjustment for relevant covariates at the 200m
distance, greenness may lesson symptoms of separation anxiety within 400m and 800m distance
from the home address at age 12 years. Future research should examine mechanisms for these
relationships at the community- and individual-level.
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Introduction

Mental health disorders, including anxiety and depression, affect as many as 1 in 5
Americans (National Institute of Mental Health [NIMH], 2019). Individuals living with
mental health disorders face an increased risk for chronic medical conditions (Colton and
Manderscheid, 2006) and may die on average 25 years earlier than those without mental
health disorders (National Association of State Mental Health Program Directors Council,
2006).

Many mental health disorders begin during adolescence (Patel et al., 2007; World Health
Organization [WHO], 2019), with as many as half of all chronic mental health disorders
beginning by age 14 years (Kessler et al., 2005). However, due to inadequate recognition
and treatment, these disorders often are not diagnosed until later in life. One in every

4-5 youth in the U.S. will meet criteria for a mental health disorder during their lifetime
(Merikangas et al., 2010). Anxiety and depressive disorders are among the most common,
with the anxiety prevalence over 30% (Merikangas et al., 2010) and depression affecting
approximately 13% of adolescents (Federal Interagency Forum on Child and Family
Statistics, 2017).

Adolescence, defined by the American Academy of Pediatrics as ages 11 through 21 years
(Hagan et al., 2008) and by the World Health Organization as ages 10 through 19 years,
presents unique challenges and opportunities for mental health (WHO, 2019). This time of
life is characterized by the biological changes of puberty and crucial milestones related to
intellectual, social, and emotional development (American Academy of Pediatrics, 2012).
Mental health disorders can profoundly affect the way adolescents think, feel, learn, and
relate to others, potentially disrupting daily functions such as schoolwork, sleeping, and
eating (NIMH, 2018). Such disruption further complicates reaching expected developmental
milestones, resulting in lower educational achievements, higher levels of substance abuse,
experiences of violence, and poor reproductive and sexual health (Patel et al., 2007).
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Developing interventions for prevention of mental health disorders in adolescence could
have beneficial impacts into adulthood and across the lifespan, as the health and behavioral
patterns established during this age determine both current and future health status (Nishida
etal., 2016; WHO, 2019).

Greenness, generally defined as vegetation such as trees and grasses, has shown promise
for positively contributing to mental and physical health (Browning and Lee, 2017; Fong
et al., 2018; Hartig et al., 2014). While a larger body of evidence supports greenness
positively influencing mental health in adults, there is limited evidence regarding the
association between greenness and mental health during adolescence (Gascon et al., 2015).
A landmark study of 345,000 Dutch participants of various ages found those living in the
greenest environments were diagnosed with fewer mental and physical health disorders,
with strongest associations between greenness and decreased mental health disorders in
youth (Maas et al., 2009a). While an early systematic review of literature exploring the
relationship between greenness and mental health found inadequate evidence to support
an association among children and adolescents (Gascon et al., 2015), a subsequent review
of 11 quantitative and one qualitative study found access to green space associated with
overall health, wellbeing, and cognitive development among children aged 0-18 years
(McCormick, 2017). Most recently, exposure to greenness was found to be beneficial for
adolescent depression but with limited evidence (Vanaken and Danckaerts, 2018), finding
two studies indicating decreased depressive symptoms in adolescents exposed to greenness
in cross-sectional (Bezold et al., 2018a) and longitudinal analyses (Bezold et al., 2018b).
Additionally, Mavoa et al. (2019) found decreased depressive symptoms significantly
associated with increased greenness for adolescents in New Zealand, while Madzia et al.
(2019) found exposure to greenness was associated with reduced parent-reported anxiety
scores and depression scores in adolescents in the United States.

The purpose of this study was to examine the association between greenness and
self-reported symptoms of anxiety and depression among adolescent participants of a
longitudinally followed pediatric cohort.

2. Materials and methods

2.1. Study population

The Cincinnati Childhood Allergy and Air Pollution Study (CCAAPS) is a longitudinal
cohort of children recruited during infancy in Cincinnati, Ohio, USA. Eligibility for study
enrollment required a birth record address either far (>1500m) or near (<400m) a major
highway or interstate (Ryan et al., 2005). Enrolled infants also must have had at least one
atopic parent defined as having a positive skin prick test to at least one aeroallergen (Ryan
et al., 2005). The study was conducted with approval of the University of Cincinnati and
Cincinnati Children’s Hospital Institutional Review Boards with written informed consent of
parents and assent of participants.

The CCAAPS cohort included 762 infants born between October 2001 and July 2003 in
seven counties within southwest Ohio (Butler, Clermont, Hamilton, and Warren counties)
and northern Kentucky (Boone, Campbell, and Kenton counties) (Gernes et al., 2019).
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Participants were evaluated at ages 1, 2, 3, 4, 7, and 12 years on various health and
demographic characteristics including addresses. For years without a study visit, addresses
were collected retrospectively at the age 7 and 12 year visits (Brunst et al., 2015).

All addresses were geocoded using EZLocate software from TeleAtlas for the ArcView
Geographic Information System 3.2 (Environmental Systems Research Institute, Redlands,
CA) (Ryan et al., 2005).

2.2. Exposure and health assessments

2.2.1. Greenness—Normalized Difference Vegetation Index (NDVI) is extracted using
satellite imagery to measure visible and near-infrared light reflection from chlorophyll (GIS
Geography, 2020). NDVI provides a continuous variable for greenness, with values ranging
from -1 to +1. Negative values are associated with water, near-zero values are associated
with barrenness such as deserts, and positive values range from grassland to rainforests (GIS
Geography, 2020). In this analysis, we extracted NDVI values using Landsat 7, Enhanced
Thematic Mapper Plus (ETM+) imagery at 30 m x 30 m resolution from cloud-free days in
June of 2000 and 2010. Because water bodies have NDVI values less than 0, we excluded
negative values from assessment.

To estimate the amount of greenness surrounding the child at close range, at the street level,
and at the community level, three nested buffer radii were used: 200 m, 400 m, and 800

m. For each annual study visit, the closest of the two NDVI scenes (2000 or 2010) to the
time of data collection were used to calculate the average NDVI value within a fixed radius
distance (200m, 400m, and 800m) from each participant’s geocoded home address. This was
calculated for three time periods: birth, address at the age 12 study visit, and averaged across
childhood, calculated from the mean of NDV1 values ascertained for all home addresses
from birth to age 12 years.

2.2.2. Mental health—Instruments measuring self-reported symptoms of anxiety and
depression were administered via trained examiner. Participants were given instructions
prior to completing instruments, and the examiner was available to assist if needed.
Instruments were scored according to publisher guidelines. Resources and assistance with
referrals were offered to both participant and caregiver for elevated scores (Yolton et al.,
2019).

2.2.2.1. Anxiety.: Self-reported symptoms of anxiety were ascertained using the Spence
Children’s Anxiety Scale (SCAS; Spence, 1998). The SCAS contains 44 items measuring
self-reported symptoms of anxiety, each scoring between 0 (never) and 3 (always) points.
Six domains of anxiety are assessed: Panic and Agoraphobia, Separation Anxiety, Social
Phobia, Obsessive Compulsive Disorder, Physical Injury Fears, and Generalized Anxiety
Disorder. Points are summed to produce a score for each of the six subscales, and a

Total Anxiety score is calculated ranging from 0 to 132. Scoring is converted to T-scores
standardized for age and gender, with a mean of 50 and standard deviation of 10. The SCAS
has high internal consistency reliability (a = 0.87-0.94; Ramme, n.d.).
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2.2.2.2. Depression.: Self-reported symptoms of depression were collected using the
Children’s Depression Inventory 2 (CDI 2; Kovacs, 2011) Short-Form. The CDI 2 contains
12 items assessing self-reported, affective and behavioral signs of depression in children and
adolescents. Each item contains three statements, from which the child selects one answer
that best describes his or her feelings over the past two weeks, each scoring 0 (absence

of symptoms), 1 (mild symptoms), or 2 (definite symptoms). The CDI 2 yields a total
depression score, converted to a T-score standardized for age and gender, with a mean of 50
and standard deviation of 10. Psychometric testing of the tool found reliability coefficients
ranging from 0.82 (test) to 0.84 (retest) in the community sample, and 0.85 (test) to 0.81
(retest) in the clinical sample (Figueras et al., 2010).

2.2.3. Covariates—Possible confounding pathways were identified and visualized
through a directed acyclic graph (DAG). DAGs are tools for making a priori causal
inferences based on theorized relationships (Suttorp et al., 2015). Our DAG for adolescent
mental health and greenness is provided in Fig. 1, created with dagitty.net software

(Textor et al., 2016). Based on our hypothesized DAG, statistical models were adjusted

for household income, traffic-related air pollution, neurological hazard exposure, blood lead,
and community deprivation.

2.2.3.1. Household income.: Household income was reported by parents at the age 1
and 12 year study visits. Income was queried in nine categories and considered as ordered
factors (Table 1). Income at age 1 year was used in “birth” models, income at age 12 years
was used in “Age 12” models, and the two values were averaged for “across childhood”
models.

2.2.32. Traffic-related air pollution.: A marker of air pollution, elemental carbon
attributable to traffic (ECAT) was estimated as a continuous variable using a previously
established land use regression model based on ambient air sampling from 24 sites within
the study area (Ryan et al., 2007). ECAT was estimated at the birth record address in “birth”
models, at the age 12 home address for “Age 12” models, and estimates using home address
for each year of life were averaged for “across childhood” models.

2.2.3.3.  Community deprivation.: Community deprivation was quantified as an index of
six census tract-level variables related to material deprivation (fraction over age 25 with

at least high school diploma or general educational development equivalent, fraction of
households in poverty, median household income, fraction of population with no health
insurance coverage, fraction of population receiving public assisted income or supplemental
nutritional assistance, fraction of houses that are vacant), using the 2015 5-year American
Community Survey (Brokamp et al., 2016). Values were calculated for three time periods
(birth, age 12 years, and averaged across childhood) from the mean of index values from
each year between birth and age 12 years. Community deprivation index yields a continuous
value between zero and one, with higher values indicating more deprivation.

2.2.34. Neurological hazard.: Neurological hazards present at the census-tract level were
estimated using data from the United States Environmental Protection Agency’s (EPA) 2014
National Air Toxics Assessment (EPA, 2018). The National Neurological Hazard Index
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(NNHI) is a census-tract level total score based on the sum of hazard quotients for 24
toxics affecting the neurological system. A continuous index value was assigned based

on the census tract corresponding to participant addresses at birth and at age 12 years.
Resultant values were used for modeling exposures at birth and age 12 years, then averaged
for modeling exposures across childhood. An index <1 indicates air toxics are unlikely to
adversely affect neurological health (EPA, 2018).

2.2.3.5. Blood lead.: A known neurotoxicant adversely associated with mental health
outcomes (Bouchard et al., 2009; Liu et al., 2014), blood samples collected from participants
at the age 12 visit were analyzed for lead concentrations obtained by inductively coupled
plasma mass spectrometry at the Laboratory for Inorganic and Nuclear Chemistry at the
New York State Department of Health’s Wadsworth Center (Dantzer et al., 2020). Blood
lead levels were expressed as a continuous variable.

2.3. Statistical analysis

Analyses were performed using R (R Core Team, 2019). Relationships between NDVI in
three buffer distances (200m, 400m, 800m) at birth, age 12 years, and averaged across
childhood (annually between birth and age 12 years) and self-reported symptoms of anxiety
and depression were examined. Linear regression modeling was used to estimate the
association between NDVI and CDI 2 total score and SCAS total and subscale scores while
adjusting for household income, ECAT, neurological hazard index, community deprivation
index, and blood lead level. Reported model parameter estimates represent effect per 0.1 unit
change in NDVI.

3. Results

3.1. Study population characteristics

Of the 762 children enrolled in CCAAPS, 344 (45%) completed the age 12 study visits. Five
participants did not complete the mental health instruments as the study visit was completed
by mail; our policy for mailed visits was to omit these instruments since support could

not be offered if depression or anxiety scores were elevated (Yolton et al., 2019). Thus,

339 participants were included in this analysis. Of these, 56% (n = 191) of participants

were male (Table 1). The percentage of minority participants (n = 83, 24%) was slightly
higher than in the sample region population (20%; Ohio-Kentucky-Indiana Regional Council
of Governments, 2016). There were no statistically significant differences in demographic
characteristics between participants who completed the age 12 study visit and those who did
not (Yolton et al., 2019). No participants met the threshold for elevated NNHI (=1; EPA,
2018) or blood lead levels (=5 pg/dL; Centers for Disease Control and Prevention, 2019).

3.2. Mental health outcomes

The prevalence of elevated SCAS scores (T = 65) among the cohort was less than 3% for
Total Anxiety (M =44.2, SD = 8.2; Table 2). The prevalence of elevated Total Depression
score (T = 65) was 9.7% (M =52.7, SD = 10.2; Table 2).

Environ Res. Author manuscript; available in PMC 2023 February 16.
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3.3. Greenness exposure

Mean NDVI increased across all buffer radii from the home address between birth and age
12 (Table 3), indicating participants’ surrounding greenness increased as they aged, either
through increased greenness around the home or by changing residence to an area with
more greenness. Averaging NDVI estimates at all recorded participant addresses provided a
measure of lifetime exposure to greenness, referred to as “across childhood”. NDVI range
(0.095-0.775) for all buffer radii and all ages is reported in Table 3.

3.4. Greenness and anxiety

Significant negative correlations (r = -0.12 to —0.16, p < 0.05) were observed between
greenness and Total Anxiety score and the Generalized Anxiety subscale in 400m and
800m buffer radii at all time points (birth, age 12 years, and average across childhood;
Supplementary Table 1). No significant correlation was noted between NDVI at any age

or buffer radius and subscales for Panic and Agoraphobia, Physical Injury Fears, or Social
Phobia. In the Obsessive-Compulsive Disorder subscale, statistically significant correlation
with NDVI was noted in the 200m radius averaged across childhood (r = -0.13, p = 0.016),
at 400 m at age 12 and averaged across childhood (age 12: r = —-0.14, p = 0.008; average: r
=-0.16, p = 0.003), and at 800 m at all three time points (birth: r =-0.17, p = 0.002; age
12:r =-0.16, p = 0.003; average: r = —0.17, p = 0.002). In the Separation Anxiety Disorder
subscale, statistically significant correlation with NDVI was noted at age 12 and averaged
across childhood in the 400m and 800m radii (400m age 12: r = —-0.14, p = 0.012; 400m
average: r = —0.11, p = 0.044, 800m age 12: r = -0.17, p = 0.002; 800m average: r = -0.11,
p = 0.040).

In models controlling for community deprivation, ECAT, blood lead, NNHI, and household
income, NDVI remained statistically significant only for Separation Anxiety (Fig. 2,
Supplementary Table 1), with a significant inverse association between NDVI at age 12
and Separation Anxiety for the 400m and 800m radii (400m: p = -0.97, 95% CI: —1.86,
-0.07; 800m: B = -1.33, 95% Cl: -2.32, —0.34).

3.5. Greenness and depression

There were statistically significant, negative correlations between greenness and self-
reported symptoms of depression in the 400m radius from the home address averaged
across childhood (r = —0.15, p = 0.007) and 800m radius at all time points (birth: r =

-0.17, p = 0.002; age 12 years: r =-0.17, p = 0.001; across childhood: r = -0.18, p

= 0.001; Supplementary Table 2). However, after controlling for community deprivation,
ECAT, blood lead, NNHI, and household income, NDVI was not associated with depression
symptoms for any buffer radius or time period (Fig. 2).

4. Discussion

We examined the association between greenness and adolescent mental health in a
birth cohort with complete address history to age 12 years. After adjusting for possible
confounding pathways, we did not observe a significant relationship between greenness
and self-reported depression. A previous analysis in a longitudinal study (Bezold et al.,
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2018b) found increased greenness associated with lower odds of self-reported depressive
symptoms in adolescents. Possible causes for the discrepancy between that study and

ours include higher NDVI resolution in our study (30 m x 30 m versus 1 km x 1

km) and smaller sample size (n = 339 versus n = 11,346) potentially hindering the

ability to detect relationships between variables after covariate adjustment. With regard to
anxiety, greenness was correlated with decreased scores for Generalized Anxiety Disorder,
Obsessive-Compulsive Disorder, and Separation Anxiety in 400m and 800m radii. While
we did not observe associations between NDVI in the 200 m radius at any age and anxiety
outcomes, NDVI at 400 and 800 m radii were significantly associated with separation
Anxiety after covariate adjustment.

Greenness has been found to be beneficial for social cohesion (de Vries et al., 2013;
Dadvand et al., 2016; Maas, van Winsum-Westra, \erheij, de Vries and Groenewegen,
2009b), which in the context of the neighborhood contributes to mental well-being (Rios
etal., 2012; Fone et al., 2014). It is plausible that greenness in these buffer distances

may equate to communal areas such as parks, offering opportunity for social interaction.
Such interaction is particularly relevant to adolescence as a developmental time for seeking
connection to peers (McElhaney et al., 2008), potentially lessening symptoms of separation
anxiety.

Although not associated with greenness in our findings, fear of physical injury was the
anxiety subscale with the highest mean score and most participants meeting the threshold
for elevation. Previous literature has suggested that fear is important for understanding how
we interact with greenness. Louv (2005), when introducing the concept of nature deficit
disorder in children, suggested lack of time spent outside may in part be due to parent and
child fear of harm from strangers, violence, kidnapping, traffic, etc. Maas et al. (2009b)
found green spaces generally enhance feelings of safety, but the opposite may be true in
the urban core. When considering the context of neighborhood parks, perceptions of safety
can be a concern (Groshong et al., 2020), and parents are less likely to encourage their
adolescent children to engage with green spaces perceived as unsafe (Christian et al., 2015).
However, when youth are able to share safe public green spaces, they are more likely able
to build relationships and lessen separation anxiety. Therefore, our findings support the
development and maintenance of safe public green spaces where adolescents can benefit
from decreased anxiety.

Greenness in larger distances may also reflect greater opportunity for physical activity
(Markevych et al., 2017). Previous research has found physical activity to be protective
against anxiety and depression through alleviation of stress (Anderson and Shivakumar,
2013; van Minnen et al., 2010). Stress reduction theory (SRT; Ulrich et al., 1991) suggests
the natural features of greenness generate positive feelings that can block negative thoughts
and emotions, disrupting the stress response. Additionally, exercise is known to reduce the
stress hormones adrenaline and cortisol while stimulating production of endorphins. Thus,
correlation between greenness in 400m and 800m distances, but not in the 200m distance,
may be explained by greater opportunity for physical activity that lowers stress.
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Future research should assess how adolescents interact with greenspaces, whether they are
used for physical activity or enhancing social cohesion, and the role of fear in perceptions of
green spaces. Future studies of greenness and adolescent mental health should also consider
which types of vegetation may confer most benefit for supporting mental health.

4.1. Strengths and limitations

This study contributes to a growing body of evidence examining the influence of greenness
on self-reported symptoms of anxiety and depression in adolescents and is unique in
examining greenness in three distinct developmental time periods. A major strength of this
study is the longitudinal design. Because address history had been recorded for participants
from birth through age 12 years, it was possible to assess exposure to greenness in three
time periods: at birth, at age 12 years, and cumulatively, averaged across each year of life.
As evidence regarding greenness and adolescent mental health grows, establishing the most
beneficial timeframes of exposure is necessary. In this study, exposure to greenness at age
12 years was most beneficial for separation anxiety, an association that remained significant
after adjustment for relevant covariates.

Another strength of this study is the measurement of symptoms of anxiety and depression
in adolescents via self-report. Adolescent mental health disorders are often unrecognized
(Cicchetti and Toth, 1998; Stein and Fazel, 2015), and parent report of adolescent
internalizing behavior underestimates adolescent self-report (Chen et al., 2017). While
parent report is valuable, particularly for measuring externalizing behaviors, self-report
is more valid for measuring internalizing behaviors such as symptoms of anxiety and
depression in adolescents (Aebi et al., 2017).

Limitations of this study include attrition within the cohort over the 12-year data collection
period. While loss to follow-up did occur, participants at age 12 years did not differ
significantly from those who did not participate. Additionally, the presence of potential
unmeasured covariates in the relationship between greenness and adolescent mental health is
a limitation of this work, although a causal inference approach was employed to minimize
this limitation. Although many factors influence mental health, through comprehensive
assessment only covariates associated with the outcome variable were included in regression
models, thereby minimizing additional confounding. We acknowledge, however, that our
DAGs and subsequent analyses represent our model of relationships between variables based
on previous literature and potential alternative DAGs may be put forth. We analyzed only
direct effects for this study; future studies may consider factors mediating the relationship
between greenness and adolescent mental health. Lastly, because every participant had an
atopic parent, we are not able to determine if this characteristic influenced our results.

Use of NDVI to estimate surrounding greenness is a strength, as this measure is used in the
majority of current literature on the topic and may allow for comparisons across studies.
However, estimating NDV1 on cloud-free days in June approximates maximum exposure to
leafy vegetation which may not be representative of average vegetation throughout the year.
NDVI does not capture vegetation diversity, which may have differing effects on mental
well-being.
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4.2. Conclusion

The development of mental health disorders is complex, and the role of environmental
exposures is not well understood. Because adolescent mental health disorders have

lasting effects into adulthood, there is an urgent need for preventative interventions

and proper screening. Our findings suggest residential surrounding greenness does not
directly contribute to decreased symptoms of anxiety and depression overall but may
decrease symptoms of separation anxiety in adolescents. Public health interventions at the
neighborhood level, such as the provision of safe green spaces, may provide benefit for the
entire community, independent of medical diagnosis or treatment.
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Fig. 1.
Directed acyclic graph (DAG) of adolescent mental health and greenness. Model

covariates identified were household income, traffic-related air pollution, neurological
toxics, community deprivation, and lead. Created with daggity.net software (Textor et al.,
2016).
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Estimates and confidence intervals of change in self-reported mental health outcomes (total
depression score, separation anxiety subscale, and total anxiety score) per 0.1 change in
NDVI in three buffer radii (200m, 400m, and 800m) from participant home address at birth,
age 12, and averaged across childhood. Models included neurological toxics, community
deprivation, traffic-related air pollution, blood lead level, and household income.
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Table 1

Characteristics, Health Outcomes, and Covariates by Age.

Characteristics, Health Outcomes, and Exposures

n (%)
Sex Male 191 (56)
Female 153 (44)
Race White 268 (78)
Non-White 76 (22)
Household Income at Age 12 Under $10K 21 (6.1)
$10K to under $20K 18 (5.2)
$20K to under $30K 23(6.7)
$30K to under $40K 18 (5.2)
$40K to under $50K 14 (4.1)
$50K to under $70K 49 (14.2)
$70K to under $90K 43 (12.5)
$90 to under $110K 36 (10.5)
Over $110K 105 (30.5)
Did not respond 17 (4.9)
M (SD)
Anxiety Physical Injury Fears 49.53 (8.19)
Social Phobia 46.74 (7.98)
Generalized Anxiety Disorder 46.38 (6.63)
Panic and Agoraphobia 46.86 (7.38)
Obsessive Compulsive Disorder ~ 45.98 (7.45)
Separation Anxiety 45.45 (6.51)
Total Score 44.18 (8.17)
Depression Total Score 52.7 (10.7)
Blood Lead Level (ug/dL) Age 12 0.567 (0.37)
ECAT (ug/m?) 6 Months of Age 0.401 (0.15)
Age 12 0.376 (0.12)
Across childhood 0.377 (0.10)
Community Deprivation Index Birth 0.459 (0.16)
Age 12 0.333 (0.14)
Across childhood 0.386 (0.14)
National Neurological Hazard Index 6 Months of Age 0.056 (0.01)
Age 12 0.053 (0.01)
Across childhood 0.054 (0.01)

dL = deciliter; M = mean; m3 = meter cubed; SD=Standard Deviation; ug = microgram.
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Spence Children’s Anxiety Score results for total anxiety and anxiety sub-scales; Children’s Depression

Table 2

Inventory 2 results for total depression score.

SCAS
M (SD) n (%) T-score >65

panic and agoraphobia 46.9 (7.4) 7(2.1)

separation anxiety 45.4 (6.5) 4(1.2)

social phobia 46.7 (8.0) 5(1.5)

obsessive compulsive disorder  46.0 (7.5) 9(2.6)

physical injury fears 495 (8.2) 9 (2.6)

generalized anxiety disorder 46.4 (6.6) 1(0.3)

total anxiety score 44.2 (8.2) 3(0.9)

CDI 2
Category T-Score n (%)

CDI 2 Category Low <40 32(9.3)
Average 40-59 222 (64.5)
High Average  60-64 52 (15.1)
Elevated 65-69 14 (4.1)
Very Elevated 270 19 (5.6)
N/A N/A 5(1.4)

CDI 2, Child Depression Inventory 2; M, mean; SCAS, Spence Children’s Anxiety Score; SD, standard deviation.

*
CDI 2 categories based on Kovacs (2011); 339 participants completed instruments.
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Table 3
Exposure to greenness by buffer distance.
NDVI BUFFER AGE Mean (Standard Deviation) Range
200m Birth 0.505 (0.11) 0.111-0.772
Age 12 0.565 (0.10) 0.111-0.722
Across Childhood  0.535 (0.08) 0.230-0.710
400m Birth 0.526 (0.10) 0.167-0.775
Age 12 0.573 (0.10) 0.095-0.765
Across Childhood  0.559 (0.08) 0.272-0.734
800m Birth 0.533 (0.10) 0.161-0.742
Age 12 0.597 (0.10) 0.131-0.754
Across Childhood  0.564 (0.08) 0.230-0.743
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