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Abstract

Background: Previous research shows that environmental and social factors contrib-
ute to the development of attention-deficit/hyperactivity disorder (ADHD).
Objective: To determine the relationship between early-life exposure to common
ambient air pollutants (benzene, toluene, ethylbenzene, and xylene, also known
as BTEX), household material hardship (a measure of socio-economic status), and
ADHD-suggestive behaviours in kindergarten-age children.

Methods: Pollutant exposure estimated from the 2002 National Air Toxics
Assessment at each child's residential ZIP code at enrolment was linked to the Early
Childhood Longitudinal Study Birth Cohort (n = 4650). Material hardship was as-
signed as a composite score of access to food, health care, and housing. Kindergarten
teachers rated children's behaviours and activity in the classroom using a five-point
Likert scale. Children with summary scores in the bottom decile were classified as dis-
playing ADHD-suggestive behaviours. Logistic regression models were constructed
to estimate the association between both BTEX exposure and material hardship on
ADHD-suggestive behaviours.

Results: The odds of displaying ADHD-suggestive behaviours were greater in chil-
dren with combined high-level exposure to BTEX and in those experiencing mate-
rial hardship (odds ratio 1.54, 95% confidence interval [CI] 1.12, 2.11, and OR 2.12,
95% Cl 1.25, 3.59, respectively), adjusting for covariates. These associations were
stronger when restricting the study population to urban areas. There was no evi-
dence of interaction between early life BTEX exposure and material hardship, al-
though the effects of BTEX exposure were slightly greater in magnitude among those
with higher material hardship scores.

Conclusions: Children exposed to air toxics, material hardship, or both early in life
are more likely to display signs of ADHD-suggestive behaviours as assessed by their
kindergarten teachers. The associations between exposures to air pollution and to
socio-economic hardship were observed in all children but were particularly strong in

those living in urban areas.
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1 | BACKGROUND

Characterised by behaviours including hyperactivity, impulsivity,
and inattention, attention-deficit/hyperactivity disorder (ADHD)
has a prevalence of 11% in children aged 4-17 years in the United
States.’® Typically, diagnosis occurs in children older than 7 years
of age due to difficulty ascertaining ADHD-related behaviours in
younger children. ldentifying behaviours associated with ADHD
can provide a path to earlier diagnosis and intervention.* Previous
research suggests ADHD aetiology and degree of severity involves
genetic, environmental, and social factors.® Risk factors associated
with ADHD are pregnancy and delivery complications, mother's
use of tobacco and alcohol, exposure to lead, ambient air pollution,
socio-economic stressors, and psychosocial hardship.?>”7 These
findings have influenced the growing literature involving ADHD and
ambient air pollution.8° There is growing interest in understanding
how exposure to pollutants may interact with the socio-economic
factors that are highly prevalent in disadvantaged populations.?*!
Material hardship serves as a more descriptive depiction of low
socio-economic status, which has a known effect on child develop-
ment and well-being.!? This term integrates measures such as access
to food, health care, and housing, providing a more specific assessment
of socio-economic status than just low income. Previous research has
corroborated that material hardship is associated with cognitive skills
and social-emotional competence in children in studies in the United
States and UK.*>'* Thus, material hardship must be taken into consid-
eration in the context of environmental pollution due to the dispari-
ties in exposure to air pollution that exist across neighbourhoods.ﬁ’16
The relationship between prenatal air pollution, material hardship,
and ADHD has been explored previously in an urban population.2%”
However, there remains a gap in the literature illuminating whether the
relationships between ambient air pollutants, material hardship, and
neurocognitive outcomes also occur in the broader United States pae-
diatric population. Additionally, it is not clear whether these relation-
ships can be identified earlier in childhood, before ADHD diagnosis.4
The objective of this study was to assess the joint relationship be-
tween early exposure to common air toxics (benzene, toluene, eth-
ylbenzene, and xylene) and material hardship on teacher-assessed
ADHD-suggestive behaviours in a nationally representative sample
of children enrolled in kindergarten. We also hypothesised that re-
lationships between air pollutants, material hardship, and ADHD-
suggestive behaviours would be stronger in magnitude within the
subset of urban children, due to the higher concentrations of pol-
lutants and the context of material hardship in urban communities.

2 | METHODS

2.1 | Cohort selection

The Early Childhood Longitudinal Study Birth Cohort (ECLS-B) is a
nationally representative longitudinal study of children born in the
United States in 2001 sponsored by The National Center of Education
Statistics.'® Children were followed from birth through kindergarten
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Synopsis

Study question

Are there independent associations between early-life
exposure to air pollution, experiencing material hardship,
and ADHD-suggestive behaviours in kindergarten among

a representative sample of US children?

What's already known

Previous research suggests exposure to air pollution early
in childhood may contribute to adverse neurodevelopment
in children, including the development of ADHD. Much of
this research has studied urban populations.

What this study adds

This study showed that both exposure to air toxics com-
mon in ambient air and experiencing material hardship in
early life were independently associated with displaying
ADHD-suggestive behaviours in the classroom at school
entry. The association was found in the general population

but was particularly strong in children living in urban areas.

entry and assessed at 9 months, 2 years, 4 years of age, and entry
into kindergarten. At each assessment, children and parent respond-
ents completed survey questionnaires on family demographics, early
childcare, preschool, and school environments as they related to de-
velopment and kindergarten readiness. Teachers were also surveyed
at the time of children's kindergarten entry on several academic and
behavioural metrics, including signs of ADHD-suggestive behaviours.

For this study, analyses included only children who had parental
assessments from enrolment in the ECLS-B through kindergarten,
and whose teachers completed the study questionnaires. The an-
alytic cohort was subsequently restricted to include children who
had a residential address provided during the baseline visit to link
to air pollution exposure and had complete data for all covariates
(n = 4650). Figure 1 illustrates the study exclusion criteria and their
impact on total sample size. Population totals are reported in this
manuscript to the nearest 50 in accordance with restrictions on
ECLS-B data presentation.

2.2 | Outcome assessment

Since children in this study population were below the typical age of
ADHD diagnosis, teacher-evaluated behaviours were used to iden-
tify children displaying ADHD-suggestive behaviours, as opposed to
physician diagnosis or parental assessment. The teacher assessment
focused on the child's behaviour in the context of the classroom's
structured environment. Teachers evaluated six behaviours using a
five-point Likert scale, ranging from “Never” to “Very Often,” at the
kindergarten wave of the ECLS-B. This assessment had teachers rate
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Baseline population
10 700

9050

7700

6900

5300

5050

- Final analytic population 4650

FIGURE 1 Cohort selection for the analytic study population,
Early Childhood Longitudinal Study, Birth Cohort 2001

each child's ability to pay attention, conduct work independently, and
complete tasks. The assessment also asked teachers to rate behaviours
using simple statements, such as “The child is overactive,” “The child
is fidgety,” and “The child is impulsive.” These three behavioural items
were reverse-coded to ensure consistency in the score, that is, a low
score indicates worse behaviours and lower abilities to pay attention
and focus. Scores were summed across the six questions. Children
within the bottom decile were defined as having ADHD-suggestive
behaviours. This approach has been used in previous research within
this population.!” Morgan et al described the disparity in ADHD-sug-
gestive behaviours and diagnosis in this age range within this study
population as potentially related to health care utilisation, suggest-
ing that a focus on behaviours would be more sensitive in identifying
high-risk children.'? Similarly, we focused on this subpopulation of chil-
dren (bottom decile) who had multiple instances of teacher-reported

ADHD-suggestive behaviour across domains.

2.3 | Exposure assessment

2.3.1 | Exposure to ambient air toxics

Benzene, toluene, ethylbenzene, and xylene (BTEX) exposures were
estimated for each child by linking the ECLS-B with the 2002 National

Air Toxics Assessment (NATA) conducted by the Environmental

).20 NATA combined data from known emis-

Protection Agency (EPA
sion sources with computational models to produce an annual aver-
age estimate for each air toxic for every census tract in the United
States. We used the 2002 NATA estimates because they are the
closest in time to the baseline assessment in the ECLS-B, which oc-
curred when children in the study were 9 months of age. For most
children, this baseline visit occurred in 2002.

Consistent with previous studies linking NATA to ECLS-B data,?!
the weighted average pollutant exposures for each ZIP Code were
created using the proportion of residential housing within each ZIP
Code located within each census tract.?’?2 These data were taken
from the United States Housing and Urban Development/United
States Postal Service ZIP Crosswalk files. Estimated exposures to
each of the BTEX pollutants were assigned using the Zip Code of
the children's primary residence at study enrolment (age 9 months).

A measure of combined exposure to BTEX was constructed by
assigning those with estimated exposure higher than the median
value to each pollutant a value of 1. The sum of these values across
the four pollutants was used to create a final composite BTEX score,
ranging from O to 4. This variable was collapsed into a binary, indica-
tor variable based on having exposure above the median value for all
pollutants (ie score of 4). Our goal was not to differentiate the contri-
bution of each of the BTEX components to the outcomes. Rather, we
sought to obtain a summary metric that could serve as a marker for
distinguishing the children who were highly exposed to BTEX versus
children with lower exposures. Given the highly right-skewed distri-
butions of pollutants within the study, we chose to utilise a categor-
ical approach of indexing those who were above the median. This
approach makes the exposure measure less susceptible to overly in-
fluential outliers occurring when summing the individual estimated

concentrations and assessing the total as a continuous, linear term.

2.3.2 | Exposure to material hardship

Material hardship exposure was defined as a composite score meas-
uring food security, insurance coverage, medical care, and housing
stability, consistent with previous studies.>'® Specifically, mate-
rial hardship scores were calculated based on parent responses at
9 months of age including (1) receiving food stamps; (2) categori-
cal measure of household food security scale based on standard
methods;?® (3) child insurance coverage; (4) child seen by physician;
(5) receiving help with housing; and (6) having moved in the previ-
ous 2 years. All measures, except the household food security scale
(categorically coded as food secure, food insecure without hunger,
and food insecure with hunger), were dichotomized, and negative
measures were reverse-coded. The sum of all six measures was used
as a final composite material hardship score, ranging from O to 7 (a
greater score indicative of higher material hardship). The majority of
children had low values of material hardship. Children with a score
of 3 or greater were treated as exposed to increased material hard-
ship compared with those children with material hardship scores less
than 3.
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2.4 | Confounders

Covariates to reduce confounding were determined based on
known associations with ADHD behaviours, exposure to air pollut-
ants, and material hardship established in the literature. A directed
acyclic graph (DAG) describing these associations is presented in
Figure S1. The final covariates included in adjusted models were
child gender, child race, family socio-economic status (SES), ma-
ternal marital status at childbirth, and neighbourhood deprivation
index (NDI). Analysis of the DAG did not identify child gender as
part of the adjustment set. However, to be consistent with previ-
ous research, we included child gender in the final model. For this
study, child race was categorised as Black (non-Hispanic), White
(non-Hispanic), and Hispanic, with all other reported races, due to
low frequencies in the study population, collapsed into an “Other”
category.

The SES index created by the ECLS-B study incorporated paren-
tal education, occupation, and household income. The NDI, a mea-
sure of neighbourhood-level SES disadvantage factors influencing
health outcomes, was calculated consistent with previous literature
and assigned to each child by linking to the ZIP Code of primary

residence at study enrolment.?

An adapted version of the Home
Observation for Measurement of the Environment (HOME) score as-
sessment was included in ECLS-B data collection as a measure of the
quality of a child's home learning environment.?> Subsequent analy-
ses indicated that inclusion of the HOME score did not alter results,
and it was not retained in final models. Other research suggests that
birth month is highly associated with ADHD symptomology due to
age at enrolment in school.?® To address this, we assessed whether

accounting for the birth month in our model would alter our results.

2.5 | Statistical analyses

Logistic regression was utilised to model the association between
ADHD-suggestive behaviours and estimated exposure to air pol-
lutants benzene, toluene, ethylbenzene, xylene, and markers of
material hardship. The associations are represented by odds ratios
(OR) and 95% confidence intervals (Cl) as SAS survey procedures
do not estimate the relative risk. SAS survey procedures account
for complex sampling methods such as weighting, stratification, and
clustering in the ECLS-B survey design. Models were constructed
separately for each pollutant, for the composite BTEX categorical
variable and for the binary material hardship variable. Individual
associations, additive associations, and modification between the
pollutant and material hardship exposures were assessed with sepa-
rate models. Analyses were conducted using a single linear term for
each pollutant and then as categories to assess linearity. Because
relationships between ADHD-suggestive behaviours and individual
pollutants (benzene, toluene, ethylbenzene, and xylene) were con-
firmed as linear, adjusted models were constructed using continu-
ous variables. In order to focus on those with the largest amount of
material hardship, only the binary variable for material hardship was
assessed in models.

| €@ /,‘. 3 Perinatal Epidemiology

The inclusion of an interaction term between pollutant exposure
and material hardship was used to formally assess the presence of ef-
fect measure modification (at a = 0.1). Analyses were repeated after
restricting the population to children who lived in an urban area. The
definition of “urban” was derived by the ECLS-B study based on pop-
ulation density, using criteria from the 2000 census.'® As statistical
significance testing of associations was not conducted, we did not
implement any methods for multiple comparisons. All analyses were
performed in SAS (version 9.3; SAS Institute, Cary, NC).

2.6 | Ethics approval

This study was reviewed and deemed exempt Human Subjects
Research by the Institutional Review Board of the Icahn School of

Medicine at Mount Sinai.

3 | RESULTS

Socio-economic and exposure characteristics of our study popula-
tion are presented in Table 1. In the study population of 4650 chil-
dren, 51.6% were male, 54.3% were white, and 67% had primary
caregivers who were married. Only 3.2% of the children experienced
3 or more markers of material hardship and had exposure to high
levels of all of the BTEX pollutants.

Unadjusted exposure to all individual pollutants included in
BTEX (benzene, toluene, ethylbenzene, and xylene) resulted in in-
creased odds of ADHD-suggestive behaviours (Table 2). Categorical
analysis of the pollutants did not display departure from linearity,
and so, results are presented only when using a single, linear term.
After adjusting for confounding, the magnitude of results for the in-
dividual pollutants increased. A similar relationship was seen when
examining the combined BTEX variable. The odds of ADHD-sug-
gestive behaviours among children with exposures greater than the
median for all BTEX pollutants were 1.32 (1.01, 1.74) times as high
as those among children with lower exposure to the combination
of pollutants (BTEX). This relationship increased after adjusting for
covariates (OR 1.54, 95% Cl 1.12, 2.11), including material hardship.
Using the binary measure of material hardship, we observed a slight
decrease in the odds of ADHD-suggestive behaviours after adjust-
ing for demographics and the combined BTEX variable. However,
both high BTEX exposure and material hardship remained inde-
pendently associated with ADHD-suggestive behaviours in the ad-
justed models. When including birth month in adjusted models, the
estimates were virtually unchanged.

The assessment of effect measure modification between pollut-
ant and material hardship exposures revealed that the interaction
term was not statistically significant for the individual pollutant
models or the combined BTEX variable (Table 3). Consistent with
the formal assessment, the stratum-specific estimates showed only
slight differences in the odds of ADHD-suggestive behaviours.

For comparability to a recent New York City cohort stucly2 and
to examine whether the relationships between BTEX, material
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TABLE 1 Sociodemographic characteristics and exposures
among the study population of the Early Childhood Longitudinal
Study Birth cohort (ECLS-B) 2001 (n = 4650)

% or mean (SD) of study

Characteristic population?
Child gender

Female 51.6

Male 48.4
Child race

White 54.3

Black 12.8

Hispanic 255

Other 7.0
Marital status of primary caregiver

Married 67.2

Unmarried 323
SES Index quintile

First 18.9

Second 21.0

Third 19.0

Fourth 20.9

Fifth 20.2
Neighbourhood deprivation index 0.50(1.1)
Benzene 1.3(0.7) pg/m3
Toluene 2.8(2.0) pg/m3
Ethylbenzene 0.3(0.3) pg/m3
Xylene 1.2 (1.2) pg/m?®

BTEX, combined®

Exposure greater than the median for 452
all BTEX pollutants

Exposure to at least one pollutant is 54.8
lower than the median level

Material Hardship, binary®

>3 hardship markers 7.2
<3 hardship markers 92.8
Combined BTEX and material hardship
High BTEX exposure with 23 hard- 3.2
ship markers
High BTEX exposure with <3 hard- 42.0

ship markers

Abbreviations: BTEX, benzene, toluene, ethylbenzene, and xylenes;
SES, socio-economic status.

?All results represent weighted values accounting for sampling design
of ECLS-B.

PBTEX, combined defined as having greater than the median expo-
sure to all four BTEX pollutants (benzene, toluene, ethylbenzene, and
xylene).

“Exposure to material hardship defined by a score greater than or equal
to 3 when summing across parent responses to indicators of material
hardship.

hardship, and ADHD-suggestive behaviours were stronger in magni-
tude in urban areas, the study population was restricted to a smaller

TABLE 2 Individual unadjusted and adjusted® odds ratios

and 95% confidence intervals for associations between ADHD-
suggestive behaviours and benzene, toluene, ethylbenzene, xylene,
BTEX, and material hardship, among the subset of Early Childhood
Longitudinal Study Birth Cohort 2001 (n = 4650)

Odds ratio (95% confidence interval)

Parameter Unadjusted Adjusted

Benzene, change in 1.07 (0.89, 1.30) 1.14 (0.92, 1.40)

1 pg/m®

Toluene, change in 1.01 (0.94, 1.09) 1.03(0.95,1.12)

1 ug/m®

Ethyl benzene, change 1.17 (0.69, 2.00) 1.36 (0.74, 2.49)

in1ug/m®

Xylene, change in 1.02 (0.91, 1.14) 1.04 (0.92, 1.19)

1 pg/m®
BTEX, combined® 1.32(1.01, 1.74)

2.47 (1.55, 3.94)

1.54(1.12,2.11)

Binary material 2.12(1.25, 3.59)

hardship©

?Adjusted for child gender, child race, maternal marital status, socio-
economic index, and neighbourhood deprivation index.

PBTEX combined, defined as having greater than the median exposure
to all four BTEX pollutants (benzene, toluene, ethylbenzene, and xylene)
(n = 2000). Reference group consists of individuals who have less than
the median exposure for at least one BTEX pollutant. This estimate was
obtained from a combined model including binary material hardship.
“Exposure to a material hardship defined by a score greater than or
equal to 3 when summing across parent responses to indicators of
material hardship (n = 300). Reference group consists of individuals who
scored less than 3 when summing across indicators of material hardship.
This estimate was obtained from a model including BTEX combined.

subset of children living in urban areas (Table 4). In this subset of
urban children, there were increased odds of ADHD-suggestive be-
haviours for BTEX exposure OR 1.83 95% Cl (1.23, 2.73) and for
material hardship exposure OR 2.44 95% ClI (1.33, 4.49). The assess-
ment of effect measure modification between the pollutant and ma-
terial hardship exposures in this subset of the study population did
not reach statistical significance, but again showed a slight differ-

ence in the stratum-specific estimates.

4 | COMMENT

4.1 | Principal findings

We found that the odds of ADHD-suggestive behaviours were
greater in children with combined high-level exposure to BTEX pol-
lutants and in children who experienced multiple markers of material
hardship. These associations were more pronounced when restrict-
ing the study population to urban areas. This result is congruent with
a recent New York City cohort study.? In both studies, there was
no statistical evidence of interaction between the two variables.
Together, our results suggest that both BTEX and material hardship
exposure additively contribute to increased odds of ADHD-sugges-

tive behaviours in kindergarten-age children.
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TABLE 3 Adjusted® odds ratios and
95% confidence intervals for associations
between ADHD-suggestive behaviours

and benzene, toluene, ethylbenzene, Parameter
xylene, and combined BTEX, stratified

. . Benzene
by material hardship among the subset of
Early Childhood Longitudinal Study, Birth Toluene

Cohort 2001 (n = 4650) Ethyl benzene

Xylene
BTEX, combined

|‘—_/;
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Adjusted odds ratio (95% Cl)

Material hardship score Material hardship score

23 (n = 300) <3 (n =4350) Pinteraction
1.10(0.62, 1.97) 1.14(0.93, 1.41) 0.90
1.09 (0.86, 1.37) 1.02 (0.94, 1.11) 0.60
2.50(0.40, 15.8) 1.23(0.67,2.24) 0.45
1.19 (0.80, 1.76) 1.02(0.90,1.17) 0.47
1.77(0.70, 4.47)° 1.50(1.09, 2.07)° 0.73

?Adjusted models include child gender, child race, maternal marital status, socio-economic status
index, neighbourhood deprivation index, and an interaction term between BTEX pollutant and
material hardship. Models account for complex sampling design and include sampling weights to
represent the population of children born in 2001 in the United States. BTEX combined, defined as
having greater than the median exposure to all four BTEX pollutants (benzene, toluene, ethylben-

zene, and xylene)

100 individuals meet criterion to be considered “exposed” to BTEX, combined. Reference group
consists of individuals who have less than the median exposure for at least one BTEX pollutant.
€1900 individuals meet criterion to be considered “exposed” to BTEX, combined. Reference group
consists of individuals who have less than the median exposure for at least one BTEX pollutant.

TABLE 4 Adjusted odds ratios and 95% confidence intervals
for associations between ADHD-suggestive behaviours, BTEX,
and material hardship among the urban subset of Early Childhood
Longitudinal Study, Birth Cohort 2001 (n = 3300)?

Parameter Odds Ratio (95% Cl)

Model 1°
BTEX combined
Material hardship
Model 2¢

1.83(1.23, 2.73)
2.44(1.33, 4.49)

2.50(0.80, 7.83)
1.76 (1.14, 2.71)
0.58

BTEX and material hardship score 23
BTEX and material hardship score <3

Pinteraction

®Models account for complex sampling design and include sampling
weights to represent the population of children born in 2001 in the
United States.

PModel 1 includes combined BTEX variable, material hardship, and
controlled for child gender, child race, maternal marital status, socio-
economic status, and neighbourhood deprivation index.

“‘Model 2 includes combined BTEX variable, material hardship, an in-
teraction term between BTEX and material hardship and controlled for
child gender, child race, maternal marital status, socio-economic status,
and neighbourhood deprivation index.

4.2 | Strengths of the study

Using the ECLS-B cohort, it was possible to examine the association
between early-life exposure to air pollutants and later childhood be-
haviours in a nationally representative sample of US children. This
existing study has extensive longitudinal data on residential history,
social environments, and childhood behaviours, which facilitated our
ability to look at the joint association of BTEX exposure and material
hardship in both urban and rural populations. The absolute size of
the analytic population was over 4000 children, allowing us to focus

in on vulnerable subgroups suffering from considerable amounts of
material hardship and exposure to air pollutants, even though their
proportion in the population was small. Additionally, the use of a
teacher assessment of classroom behaviours avoids the disparities

in clinical diagnoses observed in previous research.'?

4.3 | Limitations of the data

As many air pollutants are highly correlated, it is possible that the
associations observed are due to other pollutants that may be cor-
related with BTEX emissions. Residual confounding could also be
due to other spatially varying environmental exposures such as
lead. Another limitation may be the potential for selection bias due
to the exclusion of children who were not enrolled in kindergarten.
Kindergarten is not mandatory across the United States, and it is
possible that parents would be reluctant to enrol children who were
experiencing behavioural issues. A third limitation is related to the
large amount of missing data and loss to follow-up. Multiple imputa-
tion of teacher responses would not be appropriate as the missing
data mechanism may not be random, even conditioning on other
factors. Using a complete case analysis contributed to the result-
ing small sample size of some groups analysed (ie, BTEX exposure
in rural and suburban populations). The lower incidence of material
hardship also limited statistical power to detect interactions.

The use of the teacher assessment to identify a subgroup of chil-
dren with ADHD-suggestive behaviours provided an assessment
of the children's behaviours in a structured environment. However,
this form of teacher assessment has not been validated as an indi-
cator of eventual ADHD diagnosis, and it is possible that there is
misclassification related to classroom behaviours that are not re-
lated to ADHD. As a result, we can only discuss these outcomes as
suggestive of behaviours that are consistent with ADHD and not a
marker of eventual ADHD diagnosis or symptomology. Additionally,

the length of time teachers had spent with individual children before
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completing their behavioural assessment was not a variable col-
lected in the study.

There is also the potential for misclassification of exposure. Our as-
signed exposure to BTEX pollutants was calculated utilising the NATA
conducted in 2002. It is possible that home address of participants
may have changed after the initial baseline assessment in 2001/2002.
There could also be misclassification of BTEX exposure levels due to
differences in exposure sources in rural and urban settings. For exam-
ple, BTEX exposure may be more likely to occur indoors for children
in rural settings and more likely to occur outdoors for those children
in urban areas due to differences in exposure source.”’ NATA's ex-
posure estimations focus only on outdoor pollution and thus may be
more representative of pollutant concentrations in urban areas. This
potential difference between the relative indoor and outdoor levels of

pollution may lead to greater misclassification in rural settings.

4.4 | Interpretation

Within our analysis, the odds of ADHD-suggestive behaviours were
greater among those with higher exposure to BTEX pollutants,
even after adjusting for greater material hardship. These results
are consistent with previous studies that observed decrements in
measures of neurodevelopment and cognitive function associated
with economic hardship and air pollutant exposure in children.22%28
Within this population, primary sources of ambient BTEX exposure
are vehicular traffic and stationary sources related to petroleum and
industrial activity.?? Currently, there are no regulatory standards for
combined ambient levels of BTEX similar to what the EPA has for the
criteria air pollutants. The estimated concentrations applied in this
study are below the EPA reference concentration for haematologi-
cal effects for benzene of 0.03 mg/m?®. There is no reference con-
centration estimated for developmental effects.® Our study adds
to the growing literature that suggests that both adverse socio-eco-
nomic and physical environments, including exposure to air pollut-
ants, collectively affect child cognitive functioning.3%%?

Although the mechanism remains to be fully understood, there
is evidence suggesting air pollution may affect the pathogenesis of
ADHD, including potential vulnerabilities at an early age.3%° For ex-
ample, the developing brain from birth to 5 years of age may be most
vulnerable to environmental pollutants that can cross the develop-
ing blood-brain barrier.>**3%% Previous studies have demonstrated
the ability of fine particulate matter to cross the blood-brain barrier
in rat models.®® The oxidative stress that occurs in the brain with
high exposure to air pollution may ultimately result in ADHD-sug-
gestive behaviours.>*374% These results suggest congruence with
the proposed vulnerability in neurological development in children

when exposed to air pollutants in early childhood.

4.5 | Conclusions

Exposure to BTEX in ambient air and material hardship early in

life were both independently associated with ADHD-suggestive

behaviours in children assessed in kindergarten. These results
were observed in all children but were stronger in children living in
urban areas. This study highlights the need to simultaneously ex-
amine both social and environmental contributors to understand
the holistic risk of adverse outcomes that tend to cluster within

vulnerable communities.
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