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Abstract

A substantial proportion of Autism Spectrum Disorder (ASD) and Attention-Deficit/Hyperactivity Disorder (ADHD) cases
remain without clear etiology, with environmental factors increasingly implicated alongside genetic predispositions.
This review synthesizes evidence linking prenatal exposure to outdoor air pollutants and indoor environmental
contaminants with childhood behavioral and cognitive impairments. We evaluated peer-reviewed studies examining
prenatal exposure to major neurotoxicants—including traffic-related air pollution (TRAP), ultrafine particles,
polycyclic aromatic hydrocarbons (PAHSs), persistent organic pollutants (POPs), heavy metals, pesticides, bisphenol-A,
and phthalates—and their associations with ASD, ADHD, depression, and cognitive deficits. Evidence was integrated
by pollutant type, emphasizing mechanistic pathways. Across diverse geographical settings, consistent associations
emerged between prenatal exposure to TRAP, PAHs, polychlorinated biphenyls (PCBs), pesticides, and mercury with
adverse neurodevelopmental outcomes. Mechanistic studies highlight oxidative stress, neuroinflammation, endocrine
disruption, and epigenetic modifications of the placenta as central mediators. Notably, risks were observed even at
pollutant concentrations below current World Health Organization (WHO) guidelines, underscoring the heightened
vulnerability of the developing brain. Prenatal exposure to a spectrum of environmental pollutants is a plausible
and preventable contributor to childhood neurodevelopmental disorders. Enhanced public health measures, stricter
environmental regulations, and targeted maternal protection strategies are critical to mitigate these risks.

Keywords: Prenatal Exposure, Air Pollution, Indoor Pollutants, Environmental Pollutants, Neurodevelopmental Disorders, Behavioral

Disorders, Child Development

1. Introduction

Air pollution shapes human health before life even begins [1-5].
Few environmental threats rival the global health burden of air
pollution, a complex mixture of particulate matter, gases, trace
metals, and adsorbed organic contaminants that is especially
concentrated in urban environments [1-3]. The World Health
Organization (WHO) lists it among the most serious health
hazards of the modern era [4]. Exposure accumulates across the
lifespan, starting in utero, making it a critical public health concern

[5-7]. During pregnancy, both chemical and physical pollutants
can alter placental function through epigenomic modifications,
with lasting effects on fetal programming and development [8,9].
The placenta, essential for nutrient transfer, oxygen exchange,
and immune regulation, is highly sensitive to such environmental
insults [8,10]. Prenatal exposure is linked to impaired conceptus
development and outcomes including embryonic mortality, fetal
loss, intrauterine growth restriction, preterm birth, congenital
anomalies, childhood diseases, neuropsychological deficits, altered
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timing of sexual maturation, and some adult cancers [8,9,11-14].
While genetics account for only 30-40% of neurodevelopmental
disorders, environmental exposures—often interacting with
inherited susceptibilities and social influences—play a substantial
causal role [15,16].

The health risks of ambient air pollution are now recognized in
both developed and developing countries [17]. Traffic-derived
pollutants such as carbon monoxide (CO), nitrogen dioxide (NO2),
and lead are established neurotoxicants, acting through pathways
involving oxidative stress and neuroinflammation [1,5,18,19].
Prenatal exposure has been associated with impaired cognitive
abilities, attention deficits, lower mental development indices
and intelligence quotient (IQ) scores, heightened anxiety and
depression symptoms, reduced nonverbal reasoning, and delayed
psychomotor milestones [5,20-27]. These effects underscore the
susceptibility of the developing central nervous system (CNS)
and implicate air pollution as a plausible risk factor for autism
spectrum disorder (ASD) and attention-deficit/hyperactivity
disorder (ADHD) [1,28,29]. While genetic and environmental
determinants jointly contribute to these conditions, environmental

Prenatal Exposure

« Traffic-related air pollution
« Ultrafine particles (UFP)
+ Polycyclic aromatic

factors alone are estimated to account for 10-40% of ADHD risk
and approximately 40% of autism risk [31,32]. The biological
impacts of air pollution align with hypothesized mechanisms
underlying ASD and ADHD, and multiple lines of evidence—from
epidemiology, animal models, and experimental studies—Iink
prenatal or postnatal exposure to deficits in cognition, psychomotor
ability, and specific behavioral outcomes [3,6,19,33-42].

Evidence from animal and human studies suggests that these
neurodevelopmental effects often begin in utero with animal
models showing that high prenatal exposure can induce
neurotoxicity [5,11,43-45]. Despite growing recognition of these
risks, no investigation has examined the combined influence of
prenatal air pollution, meteorological variation, and genome-wide
placental DNA methylation [8]. Addressing this knowledge gap
is essential for elucidating how environmental exposures shape
neurodevelopment and contribute to long-term behavioral and
cognitive trajectories [46]. This study links prenatal exposure to
outdoor and indoor air pollution with childhood behavioral and
cognitive deficits, and explores potential mechanistic pathways
(Figure 1 and Figure 2).
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Figure 1: Conceptual Framework of Prenatal Pollutant Exposure and Neurodevelopment

Maternal exposure to airborne and indoor environmental pollutants during pregnancy can trigger multiple biological pathways—oxida-
tive stress, inflammation, endocrine disruption, and epigenetic modification—that interfere with fetal brain development, increasing the
risk of neurodevelopmental disorders such as ASD and ADHD. Created by authors using original artwork.
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Figure 2: Mechanistic Pathways Linking Prenatal Pollutant Exposure to Neurodevelopmental Outcomes

Overview of cellular and molecular mechanisms, including oxidative stress, neuroinflammation, endocrine disruption, and epigenetic
changes, illustrating how pollutant-induced perturbations affect neuronal development and synaptic connectivity, leading to adverse
neurobehavioral outcomes. Created by authors using original artwork.

2. Autism Spectrum Disorder (ASD)

Epidemiological research has linked high levels of air pollution
exposure to adverse neurobehavioral outcomes (Table 1). Air
pollution has emerged as a potential environmental risk factor
for ASD [1]. ASD is a complex neurodevelopmental condition
characterized by deficits in social interaction, abnormalities in
verbal and nonverbal communication, and restricted or repetitive
patterns of behavior, which are believed to result from insults to the
developing fetal and infant brain [5,34]. The prevalence of autistic
disorder has increased markedly over recent decades prompting
investigation into modifiable environmental contributors [34].

Experimental and epidemiological evidence suggests that inflam-
matory processes triggered by air pollution during neurodevelop-
ment (Table 2) may play a key role in ASD pathogenesis [47-51].
Meta-analyses of observational studies support an association be-
tween ambient air pollution exposure and increased autism risk
[52]. Multiple large-scale epidemiological studies across diverse
populations have identified positive associations between prenatal
exposure to air pollutants and elevated ASD risk [30]. A Danish
population-based study confirmed a relationship between air pol-
lution exposure and clinically diagnosed ASD [53].

Table 1: Summary of Key Pollutants and Associated Neurodevelopmental Qutcomes

Pollutant Type Example Major Sources Strength of Evidence | Associated Key References
Compounds QOutcomes

Traffic-Related Air PMoa.s, PMio, NO2, Vehicle emissions, Strong (multiple large | ASD, ADHD, reduced | [1,11,18,29,34,64,
Pollution (TRAP) & | CO, benzene industrial combustion | cohort studies) memory, impaired 70,72-76]
Ultrafine Particles cognition
(UFPs)
Polycyclic Aromatic | Benzo(a)pyrene Fossil fuel Strong Reduced [1,85-94]
Hydrocarbons (PAHs) combustion, biomass neurodevelopmental

burning, tobacco index, cognitive

smoke, charred food deficits, behavioral

issues
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Bisphenol-A (BPA) BPA Plastic containers, can | Moderate (mixed Hyperactivity, [77-81]
linings epidemiological behavioral changes
results)
Phthalates MnBP, high/low MW | Food packaging, Moderate Psychomotor delay, [77,82-84]
phthalates cosmetics, medical behavioral problems
equipment
Organophosphates Chlorpyrifos (CPF), Agriculture, pest Strong Reduced 1Q, working | [95-105]
dialkyl phosphates control memory deficits
Perfluorinated PFOA, PFOS Coatings, packaging, | Weak—Moderate ADHD, impulsivity [106-109]
Compounds (PFCs) textiles (limited evidence)
PCBs, Dioxins, HCB | PCB 153, PCDD, Electrical equipment, | Moderate—Strong Cognitive delay, [110-121]
PCDF pesticides ADHD traits
PBDEs (POPs) PBDE-47, PBDE-99 | Flame retardants Moderate Cognitive deficits, [122-129]
reduced development
indices
Heavy Metals Hg, Pb, As Industry, Strong Cognitive and [16,110,130-133]
contaminated water/ psychomotor delay
food

Longitudinal cohort data further demonstrate that prenatal exposure
to nitrogen oxides (NOx) is associated with increased ASD risk,
even at concentrations below current WHO air quality thresholds,
underscoring the sensitivity of the developing brain [30]. In

Table 2: Mechanistic Pathways Linking Pollutants to Neurodeve

addition, Windham et al. Reported that residential proximity
to elevated ambient concentrations of chlorinated solvents and
heavy metals near the time of birth was linked to higher autism
prevalence [54].

lopmental Disorders

Mechanism Supporting Evidence Associated Pollutants References
Oxidative stress Increased ROS, neuronal damage TRAP, UFP, PAHs, metals [5,18,29,44,72-76]
Neuroinflammation Elevated cytokines in CNS tissue TRAP, PAHs, metals [5,18,47-51]
Endocrine disruption Estrogenic/anti-androgenic effects BPA, phthalates, PBDEs, PCBs [77-84,110-121]
Epigenetic alterations DNA methylation changes in placenta | Multiple pollutant classes [8,10,122-129]
Neurotransmitter system Altered dopamine/serotonin regulation | OPs, CPF, metals [95-105,132,133]
disruption

3. Attention-Deficit/Hyperactivity Disorder (ADHD) and
Depression

ADHD is one of the most prevalent neurodevelopmental
conditions in children, defined by age-inappropriate levels of
inattention, impulsivity, and hyperactivity [55,56]. Individuals
with ADHD frequently exhibit deficits in attention regulation,
working memory, and temporal processing, alongside broader
impairments in cerebellar-associated cognitive functions [57,58].
Although distinct from ASD, ADHD can also involve challenges
in communication, social interaction, and patterns of restricted or
repetitive behavior [1,42].

ADHD is a heterogeneous disorder; while its symptoms are treat-
able, untreated cases often lead to significant long-term conse-
quences, including depression, substance dependence, and poor
psychosocial outcomes—emphasizing the importance of early di-
agnosis and intervention [24,25,59,60]. Environmental exposures,
including dietary additives, lead, toxins, and prenatal exposure to

tobacco smoke and alcohol, have been implicated in ADHD patho-
genesis [61,62].

Epidemiological research has linked specific associations between

prenatal and early-life exposure to traffic-related air pollutants
and increased ADHD prevalence [63]. Other studies report
relationships between ambient air pollution and lower cognitive
functioning, including reduced IQ and impairments in learning,
executive function, and memory [26,64,65].

However, recent findings from eight European population-based
birth cohorts suggest that neither prenatal nor postnatal exposure
to air pollution is significantly associated with depressive, anxiety,
or aggressive symptoms in children aged 7 to 11 years, indicating
potential variability in outcomes depending on the pollutant type,
exposure window, and developmental stage assessed [37].
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4. Common Air and Environmental Pollutants

4.1. Ultrafine Particles (UFPs) and Traffic-Related Air
Pollution (TRAP)

Ultrafine particles (UFPs), defined as particulate matter with a
diameter below 0.1 pm (100 nm), are among the most reactive
and biologically potent components of air pollution [66,67]. In
the United States, UFPs are especially concentrated in high-traffic
urban centers, with motor vehicle emissions representing their
primary source [5,68]. Exposure to traffic-related air pollution
(TRAP) has been linked to a range of neurobehavioral problems
in children [69].

Evidence suggests that gestational timing influences vulnerability
to the effects of environmental pollutants (Figure 3) (see details
in Table 3). Higher PM..s exposure at 18-26 weeks of gestation is
associated with reduced visual memory, while exposure at 12-20
weeks correlates with diminished general memory [11,70]. Studies
also indicate that prenatal or early postnatal exposure to TRAP

components such as NO2, particulate matter PMa.s, and PMo is
associated with elevated autism risk [1,34]. Conversely, Harris et
al. found no significant association between prenatal or early-life
TRAP exposure and deficits in executive function or behavior,
even during the third trimester [69].

Both indoor and outdoor prenatal exposure to CO can impair fetal
brain development [71]. A growing body of research links ambient
air pollutants—including TRAP, PM..s, NOx, and polycyclic
aromatic hydrocarbons (PAHs)—to adverse neurodevelopmental
outcomes [18,29,44,72-76]. For example, a Spanish cohort
reported that PMz.s and NO: exposures were associated with
memory deficits, while NO: was also linked to poorer verbal and
general cognition in boys [76]. Another study found that prenatal
exposure to NO: and benzene affected infant mental development,
with effects more pronounced among infants of mothers reporting
low antioxidant intake [64].

Critical windows of vulnerability

Embryonic

Gestational stage
Gestational

Fetal

preconception

Month

Figure 3: Critical Windows of Vulnerability During Prenatal Development

Timeline of gestational stages showing periods of heightened susceptibility to environmental pollutants, aligned with key
neurodevelopmental processes such as neuronal proliferation, migration, synaptogenesis, and myelination. Early- and mid-gestation are
depicted as peak vulnerability periods. Created by authors using original artwork.

4.2. Bisphenol-A (BPA)

Bisphenol-A (BPA) is a synthetic compound with estrogenic
activity widely used in the production of plastics. While relatively
few studies have examined its prenatal neurodevelopmental effects,
available evidence is mixed. A recent meta-analysis concluded
that early-life BPA exposure likely contributes to the development
of hyperactivity [77,78]. In a cohort of African-American and
Dominican women, prenatal BPA exposure was associated
with altered behavioral outcomes in children, with sex-specific
patterns [79]. By contrast, other studies have found no significant
associations between prenatal urinary BPA concentrations in
mid to late gestation and infant neurological status or later social
functioning [80,81].

4.3. Phthalates

Phthalates are synthetic plasticizers found in numerous consum-
er products, including food packaging, cosmetics, and medical
equipment. Although critical periods of vulnerability remain un-
clear, prenatal exposure has been linked to behavioral issues such
as anxiety, withdrawal, hyperactivity, and aggression in children
[77]. In Korea, prenatal phthalate exposure was inversely asso-
ciated with mental and psychomotor developmental indices, par-
ticularly in boys [82]. In China, mono-n-butyl phthalate (MnBP)
exposure was negatively associated with psychomotor develop-
ment, with possible sex-specific effects of high-molecular-weight
phthalates on neurocognition [83]. A recent study found predom-
inantly null associations, with only weak links between low-mo-
lecular-weight phthalates and adolescent internalizing or external-
izing behaviors [84].
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4.4. Polycyclic Aromatic Hydrocarbons (PAHs)

PAHs are generated through incomplete combustion of fossil
fuels, biomass, and tobaccon [85-87]. Human exposure occurs
via inhalation, ingestion of grilled or smoked foods, and dermal
contact [88]. PAHs are associated with increased cancer risk,
cardiovascular disease, and impaired fetal growth [89-91].
Prenatal PAH exposure has also been identified as a risk factor
for impaired neurobehavioral development, with transplacental
transfer documented [92-94].

In a Mexican urban birth cohort, prenatal airborne PAH exposure
was linked to maternal demoralization and poorer child neurobe-
havioral outcomes [1]. Dietary PAHs, such as those from grilled
meat, have similarly been associated with adverse developmental
effects [85].

4.5. Organophosphates (OP) and Chlorpyrifos (CPF)
Organophosphate (OP) pesticides are extensively used in agricul-
tural, residential, and garden settings [95,96]. Chlorpyrifos (CPF),
a commonly applied OP insecticide, has demonstrated neurotoxic
potentials [97,98]. Prenatal and early childhood exposure to OPs,
including CPF, has been linked to delayed neurodevelopment [99-
102]. A New York City cohort reported associations between pre-
natal OP exposure and reduced cognitive performance, particular-
ly in perceptual reasoning, from infancy through early childhood
[103].

Working memory—a key cognitive function—is notably
susceptible to CPF-related disruption [104,105]. Horton et al.
observed a borderline significant interaction between prenatal CPF
exposure and child sex, with males appearing more vulnerable to
working memory impairment [97].

4.6. Perfluorinated Compounds (PFCs)

Perfluorinated compounds (PFCs) are synthetic chemicals used in
stain-resistant coatings, food packaging, and numerous consumer
products. Exposure occurs via ingestion, inhalation of household
dust, and bioaccumulation in the food chain. Limited research
has addressed prenatal neurotoxicity from PFCs. Some evidence
links higher serum PFC levels to increased odds of parent-
reported ADHD and impulsivity in children [106,107]. However,
large-scale prospective studies—including the Danish National
Birth Cohort—have reported no significant associations between
prenatal perfluorooctanoate (PFOA) or perfluorooctane sulfonate
(PFOS) levels and measures of motor, mental, or behavioral

development [108,109].

4.7. Polychlorinated Biphenyls (PCBs), Dioxins, and Related
Compounds

Polychlorinated biphenyls (PCBs), polychlorinated dibenzo-diox-
ins (PCDDs), and dibenzofurans (PCDFs) are persistent organic
pollutants with high lipophilicity and bioaccumulation poten-
tial [110,111]. Elevated maternal serum or cord blood PCB lev-
els have been associated with poorer cognitive and psychomotor
performance in infancy and later childhood, along with increased
ADHD-related behaviors [112-116]. However, some studies have
found no such associationsns [117,118].

Similar studies have shown that prenatal or postnatal background-
level exposure to environmental chemicals, such as PCBs and
dioxins, induces adverse effects on children's neurodevelopment
[119]. The Rhea mother—child cohort in Crete reported that high
maternal serum concentrations of hexachlorobenzene (HCB)
or PCBs were linked to lower perceptual performance, general
cognition, executive function, and working memory scores
in children [120]. No significant relationship was found with
behavioral difficulties. Specific PCB congeners, such as PCB 153,
have been associated with increased odds of motor delay [121].

4.8. Persistent Organic Pollutants (POPs), Polybrominated
Diphenyl Ethers (PBDEs), and Dialkyl Phosphate (DAP)
Persistent organic pollutants (POPs) are resistant to environmental
degradation and are known neurotoxicants [122]. Polybrominated
diphenyl ethers (PBDEs), widely used as flame retardants, are
strongly suspected of developmental neurotoxicity [123]. Prenatal
PBDE exposure has been linked to impaired neurodevelopment
[124,125], though larger sample sizes are needed to confirm
associations with ASD [126].

Maternal dialkyl phosphate (DAP) metabolite concentrations—a
biomarker of organophosphate pesticide exposure—have been
associated with poorer working memory, processing speed, verbal
comprehension, perceptual reasoning, and overall I1Q in children
[95]. In Spain, higher PBDE concentrations in breast milk were
linked to lower mental development index scores in infants
[127]. Chinese and Spanish cohorts have also reported inverse
associations between prenatal PBDE exposure and developmental
quotients or cognitive function, though statistical significance was
not always reached [128,129].

Table 3: Selected Epidemiological Studies on Prenatal Pollutant Exposure and Child Neurodevelopment

Study Location Population Pollutant(s)

Exposure Window Main Findings References

Denmark Nationwide cohort NOx

Increased ASD risk,
even below WHO
thresholds

Prenatal [30]

USA — California Birth registry data TRAP

Near birth Higher ASD prevalence
near industrial/traffic

sites

[54]
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Spain Birth cohort PM..5, NO2 Prenatal Memory deficits, lower | [76]
verbal cognition in boys

Mexico Urban cohort PAHs Prenatal Maternal [1]
demoralization, reduced
neurodevelopment

New York City Cohort CPF Prenatal Reduced perceptual [103]
reasoning, memory

China Birth cohort Phthalates Prenatal Psychomotor delay, [83]
possible sex-specific
effects

Multiple European 8 cohorts Air pollution Prenatal & Postnatal | No link with depression/ | [37]

countries anxiety in children 7-11
years

4.9. Mercury (Hg), Lead (Pb), and Arsenic (As) reduced nonverbal reasoning, and delayed psychomotor

Mercury (Hg) is a potent neurotoxin capable of crossing both the
placental and blood—brain barriers [110,130]. Prenatal Hg expo-
sure has been linked to delayed psychomotor and cognitive devel-
opment in infancy, with potential persistence into adulthood [16].
Lead (Pb) and arsenic (As) are also well-established developmen-
tal toxicants; elevated prenatal exposure to either has been associ-
ated with impaired fetal neurodevelopment [131].

Animal models confirm that in utero Pb or As exposure can
disrupt neural development [132,133]. Given their persistence and
potency, these heavy metals remain high-priority targets for public
health intervention.

5. Perspectives

Prenatal exposure to air pollution represents a significant, yet
preventable, threat to fetal brain development and is increasing-
ly recognized as a determinant of child health [8,76]. Pregnancy
constitutes a critical window of vulnerability during which envi-
ronmental contaminants can perturb neurodevelopmental trajec-
tories, resulting in measurable postnatal cognitive and behavioral
alterations [77]. Converging evidence from epidemiological and
experimental studies indicates that the brain is a primary target for
the adverse effects of airborne pollutants [5].

Although some inconsistencies exist across studies, multiple
investigations have demonstrated that children exposed to air
pollution during prenatal and postnatal periods are at heightened
risk for cognitive deficits, behavioral disorders, and psychiatric
symptoms [20,30,42,134-136]. Importantly, adverse health effects
are observed even at pollutant concentrations typical of general
population exposure, rather than only at extreme levels [39,137].
Nonetheless, limitations in exposure assessment—such as
incomplete maternal exposure data—persist in some studies [39].

Emerging evidence suggests that exposure to air pollutants may
disrupt neurodevelopmental processes from the earliest stages of
gestation [3,15,74,138,139]. Air pollution affects the developing
brain through multiple pathways, including neuroinflammation
and oxidative stress [5,18]. Documented outcomes encompass
reduced cognitive abilities [1,140], attention deficits, lower mental
development index and IQ, anxiety and depression symptoms,

development [1,21-24,26,35,135]. Because exposure begins in
utero and continues over the life course, ongoing developmental
monitoring is essential, particularly given the high susceptibility
of children to environmental insults [16,142].

The rising prevalence of neurodevelopmental disorders globally
underscores the need for enhanced health and education resources
[143]. The central nervous system is especially vulnerable to
pollutants due to its prolonged maturation from early gestation
through adolescence [74,144,145]. Even brief exposures to
environmental toxicants can disrupt tightly regulated developmental
processes—such as cell proliferation, differentiation, and
migration—if they occur during critical windows [131]. Current
understanding of these interactions remains incomplete, warranting
more sophisticated neuroepidemiological research.

6. Conclusion

The cumulative body of evidence supports a strong link between
prenatal exposure to a wide range of outdoor and indoor pollutants—
including traffic-related air pollution, particulate matter, polycyclic
aromatic hydrocarbons, persistent organic pollutants, pesticides,
endocrine-disrupting chemicals, and toxic metals—and adverse
neurodevelopmental and behavioral outcomes in children. The
primary biological mechanisms appear to involve oxidative
stress, neuroinflammation, endocrine disruption, and epigenetic
alterations in placental function.

Given the documented risks at pollutant concentrations below
current regulatory thresholds, urgent public health action is
needed [30]. This includes stricter air quality standards, reduction
of emissions from key sources, targeted interventions to protect
pregnant individuals, and broader community awareness of
environmental risks. Longitudinal studies with precise exposure
assessment and mechanistic exploration will be essential to further
elucidate causal pathways and inform prevention strategies.

Consent for publication
Not applicable.

Funding
This review received no external funding.

J Anesth Pain Med, 2025

Volume 10 | Issue 3 | 7



Credit Authorship Contribution Statement

Rachael Gakii Murithi: Conceptualization, Data curation,
Formal analysis, Investigation, Methodology, Validation, Writing
- original draft.

Chan Lu: Visualization, Writing - review & editing.

Kun Tang: Supervision, Writing - review & editing.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to
influence the work reported in this paper.

Acknowledgments
Not applicable.

References

1.

9.

Annavarapu, R. N., & Kathi, S. (2016). Cognitive
disorders in children associated with urban vehicular
emissions. Environmental Pollution, 208, 74-78.

Grandjean, P., Weihe, P., Nielsen, F., Heinzow, B., Debes, F.,
& Budtz-Jargensen, E. (2012). Neurobehavioral deficits at age
7 years associated with prenatal exposure to toxicants from
maternal seafood diet. Neurotoxicology and teratology, 34(4),
466-472.

Mortamais, M., Pujol, J., Martinez-Vilavella, G., Fenoll, R.,
Reynes, C., Sabatier, R., ... & Sunyer, J. (2019). Effects of
prenatal exposure to particulate matter air pollution on corpus
callosum and behavioral problems in children. Environmental
research, 178, 108734.

Bose, S., Chiu, Y. H. M., Hsu, H. H. L., D1, Q., Rosa, M. J.,
Lee, A., ... & Wright, R. J. (2017). Prenatal nitrate exposure
and childhood asthma. Influence of maternal prenatal stress
and fetal sex. American journal of respiratory and critical
care medicine, 196(11), 1396-1403.

Allen, J. L., Oberdorster, G., Morris-Schaffer, K., Wong, C.,
Klocke, C., Sobolewski, M., ... & Cory-Slechta, D. A. (2017).
Developmental neurotoxicity of inhaled ambient ultrafine
particle air pollution: Parallels with neuropathological and
behavioral features of autism and other neurodevelopmental
disorders. Neurotoxicology, 59, 140-154.

Guxens, M., Aguilera, I., Ballester, F., Estarlich, M., Fernandez-
Somoano, A., Lertxundi, A., ... & INMA (INfancia y Medio
Ambiente) Project. (2012). Prenatal exposure to residential
air pollution and infant mental development: modulation by
antioxidants and detoxification factors. Environmental health
perspectives, 120(1), 144-149.

Landrigan, P. J., Fuller, R., Fisher, S., Suk, W. A., Sly, P,
Chiles, T. C., & Bose-O'Reilly, S. (2019). Pollution and
children's health. Science of the Total Environment, 650,
2389-2394.

Abraham, E., Rousseaux, S., Agier, L., Giorgis-Allemand,
L., Tost, J., Galineau, J., ... & EDEN Mother-Child Cohort
Study Group. (2018). Pregnancy exposure to atmospheric
pollution and meteorological conditions and placental DNA
methylation. Environment international, 118, 334-347.
Al-Gubory, K. H. (2014). Environmental pollutants and

10.

11.

12.

13.

14.

16.

17.

18.

19.

20.

21.

22.

lifestyle factors induce oxidative stress and poor prenatal
development. Reproductive biomedicine online, 29(1), 17-31.
Murphy, V. E., Smith, R., Giles, W. B., & Clifton, V. L.
(2006). Endocrine regulation of human fetal growth: the role
of the mother, placenta, and fetus. Endocrine reviews, 27(2),
141-169.

Chiu, Y. H. M., Hsu, H. H. L., Coull, B. A., Bellinger, D. C.,
Kloog, 1., Schwartz, J., ... & Wright, R. J. (2016). Prenatal
particulate air pollution and neurodevelopment in urban
children: examining sensitive windows and sex-specific
associations. Environment international, 87, 56-65.

Clifford, A., Lang, L., Chen, R., Anstey, K. J., & Seaton,
A. (2016). Exposure to air pollution and cognitive
functioning across the life course—a systematic literature
review. Environmental research, 147, 383-398.
Jedrychowski, W. A., Perera, F. P., Maugeri, U., Mroz, E.,
Klimaszewska-Rembiasz, M., Flak, E., ... & Spengler, J. D.
(2010). Effect of prenatal exposure to fine particulate matter on
ventilatory lung function of preschool children of non-smoking
mothers. Paediatric and perinatal epidemiology, 24(5), 492-
501.

Stieb, D. M., Chen, L., Eshoul, M., & Judek, S. (2012).
Ambient air pollution, birth weight and preterm birth:
a systematic review and meta-analysis. Environmental
research, 117, 100-111.

. Grandjean, P, & Landrigan, P. J. (2014). Neurobehavioural

effects of developmental toxicity. The lancet neurology, 13(3),
330-338.

Al-Saleh, I., Nester, M., Abduljabbar, M., Al-Rougqi, R.,
Eltabache, C., Al-Rajudi, T., & Elkhatib, R. (2016). Mercury
(Hg) exposure and its effects on Saudi breastfed infant's
neurodevelopment. International journal of hygiene and
environmental health, 219(1), 129-141.

Chen, B., & Kan, H. (2008). Air pollution and population
health: a global challenge. Environmental health and
preventive medicine, 13(2), 94-101.

Block, M. L., & Calderon-Garciduenas, L. (2009). Air
pollution: mechanisms of neuroinflammation and CNS
disease. Trends in neurosciences, 32(9), 506-516.

Guxens, M., & Sunyer, J. (2012). A review of epidemiological
studies on neuropsychological effects of air pollution. Swiss
medical weekly, 142(0102), w13322-w13322.

Harris, M. H., Gold, D. R., Rifas-Shiman, S. L., Melly,
S. J., Zanobetti, A., Coull, B. A., ... & Oken, E. (2015).
Prenatal and childhood traffic-related pollution exposure and
childhood cognition in the project viva cohort (Massachusetts,
USA). Environmental health perspectives, 123(10), 1072-
1078.

Chiu, Y. H. M., Bellinger, D. C., Coull, B. A., Anderson, S.,
Barber, R., Wright, R. O., & Wright, R. J. (2013). Associations
between traffic-related black carbon exposure and attention in
a prospective birth cohort of urban children. Environmental
health perspectives, 121(7), 859-864.

Newman, N. C., Ryan, P., LeMasters, G., Levin, L., Bernstein,
D., Hershey, G. K. K., ... & Dietrich, K. N. (2013). Traffic-
related air pollution exposure in the first year of life and

J Anesth Pain Med, 2025

Volume 10 | Issue 3 | 8


https://doi.org/10.1016/j.envpol.2015.09.036
https://doi.org/10.1016/j.envpol.2015.09.036
https://doi.org/10.1016/j.envpol.2015.09.036
https://doi.org/10.1016/j.ntt.2012.06.001
https://doi.org/10.1016/j.ntt.2012.06.001
https://doi.org/10.1016/j.ntt.2012.06.001
https://doi.org/10.1016/j.ntt.2012.06.001
https://doi.org/10.1016/j.ntt.2012.06.001
https://doi.org/10.1016/j.envres.2019.108734
https://doi.org/10.1016/j.envres.2019.108734
https://doi.org/10.1016/j.envres.2019.108734
https://doi.org/10.1016/j.envres.2019.108734
https://doi.org/10.1016/j.envres.2019.108734
https://doi.org/10.1164/rccm.201702-0421OC
https://doi.org/10.1164/rccm.201702-0421OC
https://doi.org/10.1164/rccm.201702-0421OC
https://doi.org/10.1164/rccm.201702-0421OC
https://doi.org/10.1164/rccm.201702-0421OC
https://doi.org/10.1016/j.neuro.2015.12.014
https://doi.org/10.1016/j.neuro.2015.12.014
https://doi.org/10.1016/j.neuro.2015.12.014
https://doi.org/10.1016/j.neuro.2015.12.014
https://doi.org/10.1016/j.neuro.2015.12.014
https://doi.org/10.1016/j.neuro.2015.12.014
https://doi.org/10.1289/ehp.1103469
https://doi.org/10.1289/ehp.1103469
https://doi.org/10.1289/ehp.1103469
https://doi.org/10.1289/ehp.1103469
https://doi.org/10.1289/ehp.1103469
https://doi.org/10.1289/ehp.1103469
https://doi.org/10.1016/j.scitotenv.2018.09.375
https://doi.org/10.1016/j.scitotenv.2018.09.375
https://doi.org/10.1016/j.scitotenv.2018.09.375
https://doi.org/10.1016/j.scitotenv.2018.09.375
https://doi.org/10.1016/j.envint.2018.05.007
https://doi.org/10.1016/j.envint.2018.05.007
https://doi.org/10.1016/j.envint.2018.05.007
https://doi.org/10.1016/j.envint.2018.05.007
https://doi.org/10.1016/j.envint.2018.05.007
https://doi.org/10.1016/j.rbmo.2014.03.002
https://doi.org/10.1016/j.rbmo.2014.03.002
https://doi.org/10.1016/j.rbmo.2014.03.002
https://doi.org/10.1210/er.2005-0011
https://doi.org/10.1210/er.2005-0011
https://doi.org/10.1210/er.2005-0011
https://doi.org/10.1210/er.2005-0011
https://doi.org/10.1016/j.envint.2015.11.010
https://doi.org/10.1016/j.envint.2015.11.010
https://doi.org/10.1016/j.envint.2015.11.010
https://doi.org/10.1016/j.envint.2015.11.010
https://doi.org/10.1016/j.envint.2015.11.010
https://doi.org/10.1016/j.envres.2016.01.018
https://doi.org/10.1016/j.envres.2016.01.018
https://doi.org/10.1016/j.envres.2016.01.018
https://doi.org/10.1016/j.envres.2016.01.018
https://doi.org/10.1111/j.1365-3016.2010.01136.x
https://doi.org/10.1111/j.1365-3016.2010.01136.x
https://doi.org/10.1111/j.1365-3016.2010.01136.x
https://doi.org/10.1111/j.1365-3016.2010.01136.x
https://doi.org/10.1111/j.1365-3016.2010.01136.x
https://doi.org/10.1111/j.1365-3016.2010.01136.x
https://doi.org/10.1016/j.envres.2012.05.007
https://doi.org/10.1016/j.envres.2012.05.007
https://doi.org/10.1016/j.envres.2012.05.007
https://doi.org/10.1016/j.envres.2012.05.007
https://www.thelancet.com/action/showPdf?pii=S1474-4422%2813%2970278-3
https://www.thelancet.com/action/showPdf?pii=S1474-4422%2813%2970278-3
https://www.thelancet.com/action/showPdf?pii=S1474-4422%2813%2970278-3
https://doi.org/10.1016/j.ijheh.2015.10.002
https://doi.org/10.1016/j.ijheh.2015.10.002
https://doi.org/10.1016/j.ijheh.2015.10.002
https://doi.org/10.1016/j.ijheh.2015.10.002
https://doi.org/10.1016/j.ijheh.2015.10.002
https://doi.org/10.1007/s12199-007-0018-5
https://doi.org/10.1007/s12199-007-0018-5
https://doi.org/10.1007/s12199-007-0018-5
https://www.cell.com/trends/neurosciences/abstract/S0166-2236(09)00128-3?large_figure=true
https://www.cell.com/trends/neurosciences/abstract/S0166-2236(09)00128-3?large_figure=true
https://www.cell.com/trends/neurosciences/abstract/S0166-2236(09)00128-3?large_figure=true
https://doi.org/10.57187/smw.2012.13322
https://doi.org/10.57187/smw.2012.13322
https://doi.org/10.57187/smw.2012.13322
https://doi.org/10.1289/ehp.1408803
https://doi.org/10.1289/ehp.1408803
https://doi.org/10.1289/ehp.1408803
https://doi.org/10.1289/ehp.1408803
https://doi.org/10.1289/ehp.1408803
https://doi.org/10.1289/ehp.1408803
https://doi.org/10.1289/ehp.1205940
https://doi.org/10.1289/ehp.1205940
https://doi.org/10.1289/ehp.1205940
https://doi.org/10.1289/ehp.1205940
https://doi.org/10.1289/ehp.1205940
https://doi.org/10.1289/ehp.1205555
https://doi.org/10.1289/ehp.1205555
https://doi.org/10.1289/ehp.1205555

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

behavioral scores at 7 years of age. Environmental health
perspectives, 121(6), 731-736.

Perera, F. P., Li, Z., Whyatt, R., Hoepner, L., Wang, S.,
Camann, D., & Rauh, V. (2009). Prenatal airborne polycyclic
aromatic hydrocarbon exposure and child IQ at age 5
years. Pediatrics, 124(2), €195-e202.

Perera, F. P, Rauh, V., Whyatt, R. M., Tsai, W. Y., Tang,
D., Diaz, D., ... & Kinney, P. (2006). Effect of prenatal
exposure to airborne polycyclic aromatic hydrocarbons on
neurodevelopment in the first 3 years of life among inner-city
children. Environmental health perspectives, 114(8), 1287-
1292.

Perera, F. P, Tang, D., Wang, S., Vishnevetsky, J., Zhang, B.,
Diaz, D., ... & Rauh, V. (2012). Prenatal polycyclic aromatic
hydrocarbon (PAH) exposure and child behavior at age 67
years. Environmental health perspectives, 120(6), 921-926.
Edwards, S. C., Jedrychowski, W., Butscher, M., Camann,
D., Kieltyka, A., Mroz, E., ... & Perera, F. (2010). Prenatal
exposure to airborne polycyclic aromatic hydrocarbons and
children’s intelligence at 5 years of age in a prospective cohort
study in Poland. Environmental health perspectives, 118(9),
1326-1331.

Guxens, M., Ghassabian, A., Gong, T., Garcia-Esteban, R.,
Porta, D., Giorgis-Allemand, L., ... & Sunyer, J. (2016). Air
pollution exposure during pregnancy and childhood autistic
traits in four European population-based cohort studies: the
ESCAPE project. Environmental Health Perspectives, 124(1),
133-140.

Kim, E., Park, H., Hong, Y. C., Ha, M., Kim, Y., Kim, B. N,
... & Ha, E. H. (2014). Prenatal exposure to PM10 and NO2
and children's neurodevelopment from birth to 24 months of
age: Mothers and Children's Environmental Health (MOCEH)
study. Science of the Total Environment, 481, 439-445.

Costa, L. G., Cole, T. B., Coburn, J., Chang, Y. C., Dao, K., &
Roque, P. (2014). Neurotoxicants are in the air: convergence
of human, animal, and in vitro studies on the effects of air
pollution on the brain. BioMed research international, 2014(1),
736385.

Oudin, A., Frondelius, K., Haglund, N., Kéllén, K., Forsberg,
B., Gustafsson, P., & Malmgqvist, E. (2019). Prenatal exposure
to air pollution as a potential risk factor for autism and
ADHD. Environment international, 133, 105149.

Sciberras, E., Mulraney, M., Silva, D., & Coghill, D. (2017).
Prenatal risk factors and the etiology of ADHD—review of
existing evidence. Current psychiatry reports, 19(1), 1.
Hertz-Picciotto, 1., Baker, R. J., Yap, P. S., Dostal, M., Joad, J.
P, Lipsett, M., ... & Sram, R. (2007). Early childhood lower
respiratory illness and air pollution. Environmental health
perspectives, 115(10), 1510-1518.

Bolton, J. L., Huff, N. C., Smith, S. H., Mason, S. N., Foster,
W. M., Auten, R. L., & Bilbo, S. D. (2013). Maternal stress
and effects of prenatal air pollution on offspring mental health
outcomes in mice. Environmental health perspectives, 121(9),
1075-1082.

Becerra, T. A., Wilhelm, M., Olsen, J., Cockburn, M., & Ritz,
B. (2013). Ambient air pollution and autism in Los Angeles

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

county, California. Environmental health perspectives, 121(3),
380-386.

Guxens, M., Garcia-Esteban, R., Giorgis-Allemand, L.,
Forns, J., Badaloni, C., Ballester, F., ... & Sunyer, J. (2014).
Air pollution during pregnancy and childhood cognitive
and psychomotor development: six European birth
cohorts. Epidemiology, 25(5), 636-647.

Jedrychowski, W. A., Perera, F. P., Camann, D., Spengler,
J., Butscher, M., Mroz, E., ... & Sowa, A. (2015). Prenatal
exposure to polycyclic aromatic hydrocarbons and cognitive
dysfunction in children. Environmental Science and Pollution
Research, 22(5), 3631-3639.

Jorcano, A., Lubczynska, M. J., Pierotti, L., Altug, H.,
Ballester, F., Cesaroni, G., ... & Guxens, M. (2019). Prenatal
and postnatal exposure to air pollution and emotional and
aggressive symptoms in children from 8 European birth
cohorts. Environment international, 131, 104927.
Lubczynska, M. J., Sunyer, J., Tiemeier, H., Porta, D., Kasper-
Sonnenberg, M., Jaddoe, V. W,, ... & Guxens, M. (2017).
Exposure to elemental composition of outdoor PM2. 5 at birth
and cognitive and psychomotor function in childhood in four
European birth cohorts. Environment international, 109, 170-
180.

Min, J. Y., & Min, K. B. (2017). Exposure to ambient PM10
and NO2 and the incidence of attention-deficit hyperactivity
disorder in childhood. Environment international, 99, 221-
227.

Sentis, A., Sunyer, J., Dalmau-Bueno, A., Andiarena, A.,
Ballester, F., Cirach, M., ... & INMA Project. (2017). Prenatal
and postnatal exposure to NO2 and child attentional function
at 4-5 years of age. Environment international, 106, 170-177.
Suades-Gonzalez, E., Gascon, M., Guxens, M., & Sunyer, J.
(2015). Air pollution and neuropsychological development: a
review of the latest evidence. Endocrinology, 156(10), 3473-
3482.

Volk, H. E., Lurmann, F., Penfold, B., Hertz-Picciotto, I., &
McConnell, R. (2013). Traffic-related air pollution, particulate
matter, and autism. JAMA psychiatry, 70(1), 71-77.

Geng, S., Zadeoglulari, Z., Fuss, S. H., & Genc, K. (2012). The
adverse effects of air pollution on the nervous system. Journal
of toxicology, 2012(1), 782462.

Zanchi, A. C., Fagundes, L. S., Barbosa Jr, F., Bernardi, R.,
Rhoden, C. R., Saldiva, P. H., & do Valle, A. C. (2010). Pre
and post-natal exposure to ambient level of air pollution
impairs memory of rats: the role of oxidative stress. Inhalation
toxicology, 22(11), 910-918.

Costa, L. G., Chang, Y. C., & Cole, T. B. (2017).
Developmental neurotoxicity of traffic-related air pollution:
focus on autism. Current environmental health reports, 4(2),
156-165.

Lucchini, R. G., Dorman, D. C., Elder, A., & Veronesi, B.
(2012). Neurological impacts from inhalation of pollutants
and the nose—brain connection. Neurotoxicology, 33(4), 838-
841.

Depino, A. M. (2013). Peripheral and central inflammation
in autism spectrum disorders. Molecular and Cellular

J Anesth Pain Med, 2025

Volume 10 | Issue 3 | 9


https://doi.org/10.1289/ehp.1205555
https://doi.org/10.1289/ehp.1205555
https://doi.org/10.1542/peds.2008-3506
https://doi.org/10.1542/peds.2008-3506
https://doi.org/10.1542/peds.2008-3506
https://doi.org/10.1542/peds.2008-3506
https://doi.org/10.1289/ehp.9084
https://doi.org/10.1289/ehp.9084
https://doi.org/10.1289/ehp.9084
https://doi.org/10.1289/ehp.9084
https://doi.org/10.1289/ehp.9084
https://doi.org/10.1289/ehp.9084
https://doi.org/10.1289/ehp.1104315
https://doi.org/10.1289/ehp.1104315
https://doi.org/10.1289/ehp.1104315
https://doi.org/10.1289/ehp.1104315
https://doi.org/10.1289/ehp.0901070
https://doi.org/10.1289/ehp.0901070
https://doi.org/10.1289/ehp.0901070
https://doi.org/10.1289/ehp.0901070
https://doi.org/10.1289/ehp.0901070
https://doi.org/10.1289/ehp.0901070
https://doi.org/10.1289/ehp.1408483
https://doi.org/10.1289/ehp.1408483
https://doi.org/10.1289/ehp.1408483
https://doi.org/10.1289/ehp.1408483
https://doi.org/10.1289/ehp.1408483
https://doi.org/10.1289/ehp.1408483
https://doi.org/10.1016/j.scitotenv.2014.01.107
https://doi.org/10.1016/j.scitotenv.2014.01.107
https://doi.org/10.1016/j.scitotenv.2014.01.107
https://doi.org/10.1016/j.scitotenv.2014.01.107
https://doi.org/10.1016/j.scitotenv.2014.01.107
https://doi.org/10.1155/2014/736385
https://doi.org/10.1155/2014/736385
https://doi.org/10.1155/2014/736385
https://doi.org/10.1155/2014/736385
https://doi.org/10.1155/2014/736385
https://doi.org/10.1016/j.envint.2019.105149
https://doi.org/10.1016/j.envint.2019.105149
https://doi.org/10.1016/j.envint.2019.105149
https://doi.org/10.1016/j.envint.2019.105149
https://doi.org/10.1007/s11920-017-0753-2
https://doi.org/10.1007/s11920-017-0753-2
https://doi.org/10.1007/s11920-017-0753-2
https://doi.org/10.1289/ehp.9617
https://doi.org/10.1289/ehp.9617
https://doi.org/10.1289/ehp.9617
https://doi.org/10.1289/ehp.9617
https://doi.org/10.1289/ehp.1306560
https://doi.org/10.1289/ehp.1306560
https://doi.org/10.1289/ehp.1306560
https://doi.org/10.1289/ehp.1306560
https://doi.org/10.1289/ehp.1306560
https://doi.org/10.1289/ehp.1205827
https://doi.org/10.1289/ehp.1205827
https://doi.org/10.1289/ehp.1205827
https://doi.org/10.1289/ehp.1205827
https://journals.lww.com/epidem/abstract/2014/09000/air_pollution_during_pregnancy_and_childhood.4.aspx
https://journals.lww.com/epidem/abstract/2014/09000/air_pollution_during_pregnancy_and_childhood.4.aspx
https://journals.lww.com/epidem/abstract/2014/09000/air_pollution_during_pregnancy_and_childhood.4.aspx
https://journals.lww.com/epidem/abstract/2014/09000/air_pollution_during_pregnancy_and_childhood.4.aspx
https://journals.lww.com/epidem/abstract/2014/09000/air_pollution_during_pregnancy_and_childhood.4.aspx
https://doi.org/10.1007/s11356-014-3627-8
https://doi.org/10.1007/s11356-014-3627-8
https://doi.org/10.1007/s11356-014-3627-8
https://doi.org/10.1007/s11356-014-3627-8
https://doi.org/10.1007/s11356-014-3627-8
https://doi.org/10.1016/j.envint.2019.104927
https://doi.org/10.1016/j.envint.2019.104927
https://doi.org/10.1016/j.envint.2019.104927
https://doi.org/10.1016/j.envint.2019.104927
https://doi.org/10.1016/j.envint.2019.104927
https://doi.org/10.1016/j.envint.2017.09.015
https://doi.org/10.1016/j.envint.2017.09.015
https://doi.org/10.1016/j.envint.2017.09.015
https://doi.org/10.1016/j.envint.2017.09.015
https://doi.org/10.1016/j.envint.2017.09.015
https://doi.org/10.1016/j.envint.2017.09.015
https://doi.org/10.1016/j.envint.2016.11.022
https://doi.org/10.1016/j.envint.2016.11.022
https://doi.org/10.1016/j.envint.2016.11.022
https://doi.org/10.1016/j.envint.2016.11.022
https://doi.org/10.1016/j.envint.2017.05.021
https://doi.org/10.1016/j.envint.2017.05.021
https://doi.org/10.1016/j.envint.2017.05.021
https://doi.org/10.1016/j.envint.2017.05.021
https://doi.org/10.1210/en.2015-1403
https://doi.org/10.1210/en.2015-1403
https://doi.org/10.1210/en.2015-1403
https://doi.org/10.1210/en.2015-1403
https://jamanetwork.com/journals/jamapsychiatry/fullarticle/1393589
https://jamanetwork.com/journals/jamapsychiatry/fullarticle/1393589
https://jamanetwork.com/journals/jamapsychiatry/fullarticle/1393589
https://doi.org/10.1155/2012/782462
https://doi.org/10.1155/2012/782462
https://doi.org/10.1155/2012/782462
https://doi.org/10.3109/08958378.2010.494313
https://doi.org/10.3109/08958378.2010.494313
https://doi.org/10.3109/08958378.2010.494313
https://doi.org/10.3109/08958378.2010.494313
https://doi.org/10.3109/08958378.2010.494313
https://doi.org/10.1007/s40572-017-0135-2
https://doi.org/10.1007/s40572-017-0135-2
https://doi.org/10.1007/s40572-017-0135-2
https://doi.org/10.1007/s40572-017-0135-2
https://doi.org/10.1016/j.neuro.2011.12.001
https://doi.org/10.1016/j.neuro.2011.12.001
https://doi.org/10.1016/j.neuro.2011.12.001
https://doi.org/10.1016/j.neuro.2011.12.001
https://doi.org/10.1016/j.mcn.2012.10.003
https://doi.org/10.1016/j.mcn.2012.10.003

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Neuroscience, 53, 69-76.

Meldrum, S. J., Strunk, T., Currie, A., Prescott, S. L., Simmer,
K., & Whitehouse, A. J. O. (2013). Autism spectrum disorder
in children born preterm—role of exposure to perinatal
inflammation. Frontiers in neuroscience, 7, 123.

Melillo, R., & Leisman, G. (2009). Autistic spectrum
disorders as functional disconnection syndrome. Reviews in
the Neurosciences, 20(2), 111-132.

Noriega, D. B., & Savelkoul, H. F. (2014). Immune
dysregulation in autism spectrum disorder. European journal
of pediatrics, 173(1), 33-43.

Onore, C., Careaga, M., & Ashwood, P. (2012). The role of
immune dysfunction in the pathophysiology of autism. Brain,
behavior, and immunity, 26(3), 383-392.

Flores-Pajot, M. C., Ofner, M., Do, M. T., Lavigne, E., &
Villeneuve, P. J. (2016). Childhood autism spectrum disorders
and exposure to nitrogen dioxide, and particulate matter
air pollution: a review and meta-analysis. Environmental
research, 151, 763-776.

Ritz, B., Liew, Z., Yan, Q., Cuia, X., Virk, J., Ketzel, M., &
Raaschou-Nielsen, O. (2018). Air pollution and autism in
Denmark. Environmental Epidemiology, 2(4), €028.
Windham, G. C., Zhang, L., Gunier, R., Croen, L. A., &
Grether, J. K. (2006). Autism spectrum disorders in relation
to distribution of hazardous air pollutants in the San Francisco
Bay area. Environmental health perspectives, 114(9), 1438-
1444.

Faraone, S. V., Sergeant, J., Gillberg, C., & Biederman, J.
(2003). The worldwide prevalence of ADHD: is it an American
condition?. World psychiatry, 2(2), 104.

Vahia, V. N. (2013). Diagnostic and statistical manual
of mental disorders 5: A quick glance. Indian journal of
psychiatry, 55(3), 220-223.

Rubia, K., Alegria, A. A., Cubillo, A. 1., Smith, A. B,,
Brammer, M. J., & Radua, J. (2014). Effects of stimulants
on brain function in attention-deficit/hyperactivity
disorder: a systematic review and meta-analysis. Biological
psychiatry, 76(8), 616-628.

Itd, M. (2012). The cerebellum: brain for an implicit self. FT
press.

Leo, D., & Gainetdinov, R. R. (2013). Transgenic mouse
models for ADHD. Cell and tissue research, 354(1), 259-271.
Bruchhage, M. M., Bucci, M. P, & Becker, E. B. (2018).
Cerebellar involvement in autism and ADHD. Handbook of
clinical neurology, 155, 61-72.

Dickerson, A. S., Rahbar, M. H., Bakian, A. V., Bilder,
D. A., Harrington, R. A., Pettygrove, S., ... & Zahorodny,
W. M. (2016). Autism spectrum disorder prevalence and
associations with air concentrations of lead, mercury, and
arsenic. Environmental monitoring and assessment, 188(7),
407.

Froehlich, T. E., Anixt, J. S., Loe, I. M., Chirdkiatgumchai, V.,
Kuan, L., & Gilman, R. C. (2011). Update on environmental
risk factors for attention-deficit/hyperactivity disorder. Current
psychiatry reports, 13(5), 333-344.

Sunyer, J., Esnaola, M., Alvarez-Pedrerol, M., Forns, J., Rivas,

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

L., Lopez-Vicente, M., ... & Querol, X. (2015). Association
between traffic-related air pollution in schools and cognitive
development in primary school children: a prospective cohort
study. PLoS medicine, 12(3), e1001792.

Guxens, M., Aguilera, I., Ballester, F., Estarlich, M., Fernandez-
Somoano, A., Lertxundi, A., ... & INMA (INfancia y Medio
Ambiente) Project. (2012). Prenatal exposure to residential
air pollution and infant mental development: modulation by
antioxidants and detoxification factors. Environmental health
perspectives, 120(1), 144-149.

Suglia, S. F., Gryparis, A., Schwartz, J., & Wright, R. J. (2007).
Black carbon associated with cognition among children in a
prospective birth cohort study. Epidemiology, 18(5), S163.
Brown, D. M., Wilson, M. R., MacNee, W., Stone, V., &
Donaldson, K. (2001). Size-dependent proinflammatory
effects of ultrafine polystyrene particles: a role for surface
area and oxidative stress in the enhanced activity of
ultrafines. Toxicology and applied pharmacology, 175(3),
191-199.

Oberdorster, G., Ferin, J., & Lehnert, B. E. (1994). Correlation
between particle size, in vivo particle persistence, and lung
injury. Environmental health perspectives, 102(suppl 5), 173-
179.

Lippmann, M., Chen, L. C., Gordon, T., Ito, K., & Thurston,
G. D. (2013). National Particle Component Toxicity (NPACT)
Initiative: integrated epidemiologic and toxicologic studies of
the health effects of particulate matter components. Research
Report (Health Effects Institute), (177), 5-13.

Harris, M. H., Gold, D. R., Rifas-Shiman, S. L., Melly, S. J.,
Zanobetti, A., Coull, B. A, ... & Oken, E. (2016). Prenatal
and childhood traffic-related air pollution exposure and
childhood executive function and behavior. Neurotoxicology
and teratology, 57, 60-70.

Nunes, R. A. O., Branco, P. T. B. S., Alvim-Ferraz, M. C. M.,
Martins, F. G., & Sousa, S. I. V. (2015). Particulate matter
in rural and urban nursery schools in Portugal. Environmental
Pollution, 202, 7-16.

Levy, R. J. (2015). Carbon monoxide pollution and
neurodevelopment: a public health concern. Neurotoxicology
and teratology, 49, 31-40.

Genc, S., Zadeoglulari, Z., Fuss, S. H., & Genc, K. (2012). The
adverse effects of air pollution on the nervous system. Journal
of toxicology, 2012(1), 782462.

Liu, J., & Lewis, G. (2014). Environmental toxicity and
poor cognitive outcomes in children and adults. Journal of
environmental health, 76(6), 130.

Block, M. L., Elder, A., Auten, R. L., Bilbo, S. D., Chen,
H., Chen, J. C., ... & Wright, R. J. (2012). The outdoor air
pollution and brain health workshop. Neurotoxicology, 33(5),
972-984.

Guxens, M., Lubczynska, M. J., Muetzel, R. L., Dalmau-
Bueno, A.,Jaddoe, V. W., Hoek, G., ... & El Marroun, H. (2018).
Air pollution exposure during fetal life, brain morphology,
and cognitive function in school-age children. Biological
psychiatry, 84(4), 295-303.

Lertxundi, A., Andiarena, A., Martinez, M. D., Ayerdi,

J Anesth Pain Med, 2025

Volume 10 | Issue 3 | 10


https://doi.org/10.1016/j.mcn.2012.10.003
https://doi.org/10.3389/fnins.2013.00123
https://doi.org/10.3389/fnins.2013.00123
https://doi.org/10.3389/fnins.2013.00123
https://doi.org/10.3389/fnins.2013.00123
https://doi.org/10.1515/REVNEURO.2009.20.2.111
https://doi.org/10.1515/REVNEURO.2009.20.2.111
https://doi.org/10.1515/REVNEURO.2009.20.2.111
https://doi.org/10.1007/s00431-013-2183-4
https://doi.org/10.1007/s00431-013-2183-4
https://doi.org/10.1007/s00431-013-2183-4
https://doi.org/10.1016/j.bbi.2011.08.007
https://doi.org/10.1016/j.bbi.2011.08.007
https://doi.org/10.1016/j.bbi.2011.08.007
https://doi.org/10.1016/j.envres.2016.07.030
https://doi.org/10.1016/j.envres.2016.07.030
https://doi.org/10.1016/j.envres.2016.07.030
https://doi.org/10.1016/j.envres.2016.07.030
https://doi.org/10.1016/j.envres.2016.07.030
https://journals.lww.com/environepidem/FullText/2018/12000/Air_pollution_and_autism_in_Denmark.1.aspx
https://journals.lww.com/environepidem/FullText/2018/12000/Air_pollution_and_autism_in_Denmark.1.aspx
https://journals.lww.com/environepidem/FullText/2018/12000/Air_pollution_and_autism_in_Denmark.1.aspx
https://doi.org/10.1289/ehp.9120
https://doi.org/10.1289/ehp.9120
https://doi.org/10.1289/ehp.9120
https://doi.org/10.1289/ehp.9120
https://doi.org/10.1289/ehp.9120
https://pmc.ncbi.nlm.nih.gov/articles/PMC1525089/
https://pmc.ncbi.nlm.nih.gov/articles/PMC1525089/
https://pmc.ncbi.nlm.nih.gov/articles/PMC1525089/
https://journals.lww.com/indianjpsychiatry/fulltext/2013/55030/Diagnostic_and_statistical_manual_of_mental.4.aspx
https://journals.lww.com/indianjpsychiatry/fulltext/2013/55030/Diagnostic_and_statistical_manual_of_mental.4.aspx
https://journals.lww.com/indianjpsychiatry/fulltext/2013/55030/Diagnostic_and_statistical_manual_of_mental.4.aspx
https://doi.org/10.1016/j.biopsych.2013.10.016
https://doi.org/10.1016/j.biopsych.2013.10.016
https://doi.org/10.1016/j.biopsych.2013.10.016
https://doi.org/10.1016/j.biopsych.2013.10.016
https://doi.org/10.1016/j.biopsych.2013.10.016
https://www.google.co.in/books/edition/The_Cerebellum/RwR94p9wS-8C?hl=en&gbpv=0
https://www.google.co.in/books/edition/The_Cerebellum/RwR94p9wS-8C?hl=en&gbpv=0
https://doi.org/10.1007/s00441-013-1639-1
https://doi.org/10.1007/s00441-013-1639-1
https://doi.org/10.1016/B978-0-444-64189-2.00004-4
https://doi.org/10.1016/B978-0-444-64189-2.00004-4
https://doi.org/10.1016/B978-0-444-64189-2.00004-4
https://doi.org/10.1007/s10661-016-5405-1
https://doi.org/10.1007/s10661-016-5405-1
https://doi.org/10.1007/s10661-016-5405-1
https://doi.org/10.1007/s10661-016-5405-1
https://doi.org/10.1007/s10661-016-5405-1
https://doi.org/10.1007/s10661-016-5405-1
https://doi.org/10.1007/s11920-011-0221-3
https://doi.org/10.1007/s11920-011-0221-3
https://doi.org/10.1007/s11920-011-0221-3
https://doi.org/10.1007/s11920-011-0221-3
https://doi.org/10.1371/journal.pmed.1001792
https://doi.org/10.1371/journal.pmed.1001792
https://doi.org/10.1371/journal.pmed.1001792
https://doi.org/10.1371/journal.pmed.1001792
https://doi.org/10.1371/journal.pmed.1001792
https://doi.org/10.1289/ehp.1103469
https://doi.org/10.1289/ehp.1103469
https://doi.org/10.1289/ehp.1103469
https://doi.org/10.1289/ehp.1103469
https://doi.org/10.1289/ehp.1103469
https://doi.org/10.1289/ehp.1103469
https://journals.lww.com/epidem/fulltext/2007/09001/black_carbon_associated_with_cognition_among.539.aspx
https://journals.lww.com/epidem/fulltext/2007/09001/black_carbon_associated_with_cognition_among.539.aspx
https://journals.lww.com/epidem/fulltext/2007/09001/black_carbon_associated_with_cognition_among.539.aspx
https://doi.org/10.1006/taap.2001.9240
https://doi.org/10.1006/taap.2001.9240
https://doi.org/10.1006/taap.2001.9240
https://doi.org/10.1006/taap.2001.9240
https://doi.org/10.1006/taap.2001.9240
https://doi.org/10.1006/taap.2001.9240
https://doi.org/10.1289/ehp.102-1567252
https://doi.org/10.1289/ehp.102-1567252
https://doi.org/10.1289/ehp.102-1567252
https://doi.org/10.1289/ehp.102-1567252
https://europepmc.org/article/med/24377209
https://europepmc.org/article/med/24377209
https://europepmc.org/article/med/24377209
https://europepmc.org/article/med/24377209
https://europepmc.org/article/med/24377209
https://doi.org/10.1016/j.ntt.2016.06.008
https://doi.org/10.1016/j.ntt.2016.06.008
https://doi.org/10.1016/j.ntt.2016.06.008
https://doi.org/10.1016/j.ntt.2016.06.008
https://doi.org/10.1016/j.ntt.2016.06.008
https://doi.org/10.1016/j.envpol.2015.03.009
https://doi.org/10.1016/j.envpol.2015.03.009
https://doi.org/10.1016/j.envpol.2015.03.009
https://doi.org/10.1016/j.envpol.2015.03.009
https://doi.org/10.1016/j.ntt.2015.03.001
https://doi.org/10.1016/j.ntt.2015.03.001
https://doi.org/10.1016/j.ntt.2015.03.001
https://doi.org/10.1155/2012/782462
https://doi.org/10.1155/2012/782462
https://doi.org/10.1155/2012/782462
https://pmc.ncbi.nlm.nih.gov/articles/PMC4247328/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4247328/
https://pmc.ncbi.nlm.nih.gov/articles/PMC4247328/
https://doi.org/10.1016/j.neuro.2012.08.014
https://doi.org/10.1016/j.neuro.2012.08.014
https://doi.org/10.1016/j.neuro.2012.08.014
https://doi.org/10.1016/j.neuro.2012.08.014
https://doi.org/10.1016/j.biopsych.2018.01.016
https://doi.org/10.1016/j.biopsych.2018.01.016
https://doi.org/10.1016/j.biopsych.2018.01.016
https://doi.org/10.1016/j.biopsych.2018.01.016
https://doi.org/10.1016/j.biopsych.2018.01.016
https://doi.org/10.1016/j.envres.2019.04.001

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

M., Murcia, M., Estarlich, M., ... & Ibarluzea, J. (2019).
Prenatal exposure to PM2. 5 and NO2 and sex-dependent
infant cognitive and motor development. Environmental
research, 174, 114-121.

Bellinger, D. C. (2013). Prenatal exposures to environmental
chemicals and children’s neurodevelopment: an update. Safety
and health at work, 4(1), 1-11.

Rochester, J. R., Bolden, A. L., & Kwiatkowski, C. F.
(2018). Prenatal exposure to bisphenol A and hyperactivity in
children: a systematic review and meta-analysis. Environment
international, 114, 343-356.

Perera, F., Vishnevetsky, J., Herbstman, J. B., Calafat,
A. M., Xiong, W., Rauh, V., & Wang, S. (2012). Prenatal
bisphenol a exposure and child behavior in an inner-city
cohort. Environmental health perspectives, 120(8), 1190-
1194.

Yolton, K., Xu, Y., Strauss, D., Altaye, M., Calafat, A. M.,
& Khoury, J. (2011). Prenatal exposure to bisphenol A and
phthalates and infant neurobehavior. Neurotoxicology and
teratology, 33(5), 558-566.

Miodovnik, A., Engel, S. M., Zhu, C., Ye, X., Soorya, L. V.,
Silva, M. J., ... & Wolff, M. S. (2011). Endocrine disruptors
and childhood social impairment. Neurotoxicology, 32(2),
261-267.

Kim,Y.,Ha, E. H.,Kim, E. J., Park, H., Ha, M., Kim, J. H., ... &
Kim, B. N. (2011). Prenatal exposure to phthalates and infant
development at 6 months: prospective Mothers and Children’s
Environmental Health (MOCEH) study. Environmental health
perspectives, 119(10), 1495-1500.

Qian, X., Li, J,, Xu, S., Wan, Y., Li, Y., Jiang, Y., ... & Xia,
W. (2019). Prenatal exposure to phthalates and neurocognitive
development in children at two years of age. Environment
international, 131, 105023.

Hyland, C., Mora, A. M., Kogut, K., Calafat, A. M., Harley,
K., Deardorff, J., ... & Sagiv, S. K. (2019). Prenatal exposure
to phthalates and neurodevelopment in the CHAMACOS
cohort. Environmental health perspectives, 127(10), 107010.
Jedrychowski, W., Perera, F. P., Tang, D., Stigter, L., Mroz,
E., Flak, E., ... & Jacek, R. (2012). Impact of barbecued meat
consumed in pregnancy on birth outcomes accounting for
personal prenatal exposure to airborne polycyclic aromatic
hydrocarbons: birth cohort study in Poland. Nutrition, 28(4),
372-377.

Weinstein, J. R., Asteria-Pefialoza, R., Diaz-Artiga, A.,
Davila, G., Hammond, S. K., Ryde, I. T., ... & Thompson, L.
M. (2017). Exposure to polycyclic aromatic hydrocarbons
and volatile organic compounds among recently pregnant
rural Guatemalan women cooking and heating with solid
fuels. International journal of hygiene and environmental
health, 220(4), 726-735.

White, A. J., Bradshaw, P. T., Herring, A. H., Teitelbaum,
S. L., Beyea, J., Stellman, S. D., ... & Gammon, M. D.
(2016). Exposure to multiple sources of polycyclic aromatic
hydrocarbons and breast cancer incidence. Environment
international, 89, 185-192.

Hoseini, M., Nabizadeh, R., Delgado-Saborit, J. M., Rafiee,

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

A., Yaghmaeian, K., Parmy, S., ... & Naddafi, K. (2018).
Environmental and lifestyle factors affecting exposure to
polycyclic aromatic hydrocarbons in the general population
in a Middle Eastern area. Environmental pollution, 240, 781-
792.

Lee, K. H., Shu, X. O., Gao, Y. T., Ji, B. T, Yang, G., Blair, A.,
... & Kang, D. (2010). Breast cancer and urinary biomarkers
of polycyclic aromatic hydrocarbon and oxidative stress in
the Shanghai Women's Health Study. Cancer epidemiology,
biomarkers & prevention, 19(3), 877-883.

Yin, W., Hou, J., Xu, T., Cheng, J., Li, P., Wang, L., ... & Yuan,
J. (2018). Obesity mediated the association of exposure to
polycyclic aromatic hydrocarbon with risk of cardiovascular
events. Science of the Total Environment, 616, 841-854.
Choi, H., Jedrychowski, W., Spengler, J., Camann, D.
E., Whyatt, R. M., Rauh, V., ... & Perera, F. P. (20006).
International studies of prenatal exposure to polycyclic
aromatic hydrocarbons and fetal growth. Environmental
health perspectives, 114(11), 1744-1750.

Nie, J., Li, J., Cheng, L., Deng, Y., Li, Y., Yan, Z., ... &
Tang, D. (2019). Prenatal polycyclic aromatic hydrocarbons
metabolites, cord blood telomere length, and neonatal
neurobehavioral development. Environmental research, 174,
105-113.

Whyatt, R. M., Santella, R. M., Jedrychowski, W., Garte,
S. J., Bell, D. A., Ottman, R., ... & Perera, F. P. (1998).
Relationship between ambient air pollution and DNA damage
in Polish mothers and newborns. Environmental Health
Perspectives, 106(suppl 3), 821-826.

Perera, F. P, Rauh, V., Tsai, W. Y., Kinney, P., Camann,
D., Barr, D., ... & Whyatt, R. M. (2003). Effects of
transplacental exposure to environmental pollutants on birth
outcomes in a multiethnic population. Environmental health
perspectives, 111(2), 201-205.

Bouchard, M. F., Chevrier, J., Harley, K. G., Kogut, K.,
Vedar, M., Calderon, N., ... & Eskenazi, B. (2011). Prenatal
exposure to organophosphate pesticides and IQ in 7-year-old
children. Environmental health perspectives, 119(8), 1189-
1195.

Epa, E. (2009). Reregistration eligibility decision (RED) for
malathion. Washington, DC: United States Environmental
Protection Agency.

Horton, M. K., Kahn, L. G., Perera, F., Barr, D. B., & Rauh,
V. (2012). Does the home environment and the sex of the
child modify the adverse effects of prenatal exposure to
chlorpyrifos on child working memory?. Neurotoxicology and
teratology, 34(5), 534-541.

London, L., Beseler, C., Bouchard, M. F., Bellinger, D.
C., Colosio, C., Grandjean, P., ... & Stallones, L. (2012).
Neurobehavioral and neurodevelopmental effects of pesticide
exposures. Neurotoxicology, 33(4), 887-896.

Engel, S. M., Berkowitz, G. S., Barr, D. B., Teitelbaum, S. L.,
Siskind, J., Meisel, S. J., ... & Wolff, M. S. (2007). Prenatal
organophosphate metabolite and organochlorine levels and
performance on the Brazelton Neonatal Behavioral Assessment
Scale in a multiethnic pregnancy cohort. American journal of

J Anesth Pain Med, 2025

Volume 10 | Issue 3 | 11


https://doi.org/10.1016/j.envres.2019.04.001
https://doi.org/10.1016/j.envres.2019.04.001
https://doi.org/10.1016/j.envres.2019.04.001
https://doi.org/10.1016/j.envres.2019.04.001
https://doi.org/10.5491/SHAW.2013.4.1.1
https://doi.org/10.5491/SHAW.2013.4.1.1
https://doi.org/10.5491/SHAW.2013.4.1.1
https://doi.org/10.1016/j.envint.2017.12.028
https://doi.org/10.1016/j.envint.2017.12.028
https://doi.org/10.1016/j.envint.2017.12.028
https://doi.org/10.1016/j.envint.2017.12.028
https://doi.org/10.1289/ehp.1104492
https://doi.org/10.1289/ehp.1104492
https://doi.org/10.1289/ehp.1104492
https://doi.org/10.1289/ehp.1104492
https://doi.org/10.1289/ehp.1104492
https://doi.org/10.1016/j.ntt.2011.08.003
https://doi.org/10.1016/j.ntt.2011.08.003
https://doi.org/10.1016/j.ntt.2011.08.003
https://doi.org/10.1016/j.ntt.2011.08.003
https://doi.org/10.1016/j.neuro.2010.12.009
https://doi.org/10.1016/j.neuro.2010.12.009
https://doi.org/10.1016/j.neuro.2010.12.009
https://doi.org/10.1016/j.neuro.2010.12.009
https://doi.org/10.1289/ehp.1003178
https://doi.org/10.1289/ehp.1003178
https://doi.org/10.1289/ehp.1003178
https://doi.org/10.1289/ehp.1003178
https://doi.org/10.1289/ehp.1003178
https://doi.org/10.1016/j.envint.2019.105023
https://doi.org/10.1016/j.envint.2019.105023
https://doi.org/10.1016/j.envint.2019.105023
https://doi.org/10.1016/j.envint.2019.105023
https://doi.org/10.1289/EHP5165
https://doi.org/10.1289/EHP5165
https://doi.org/10.1289/EHP5165
https://doi.org/10.1289/EHP5165
https://doi.org/10.1016/j.nut.2011.07.020
https://doi.org/10.1016/j.nut.2011.07.020
https://doi.org/10.1016/j.nut.2011.07.020
https://doi.org/10.1016/j.nut.2011.07.020
https://doi.org/10.1016/j.nut.2011.07.020
https://doi.org/10.1016/j.nut.2011.07.020
https://doi.org/10.1016/j.ijheh.2017.03.002
https://doi.org/10.1016/j.ijheh.2017.03.002
https://doi.org/10.1016/j.ijheh.2017.03.002
https://doi.org/10.1016/j.ijheh.2017.03.002
https://doi.org/10.1016/j.ijheh.2017.03.002
https://doi.org/10.1016/j.ijheh.2017.03.002
https://doi.org/10.1016/j.ijheh.2017.03.002
https://doi.org/10.1016/j.envint.2016.02.009
https://doi.org/10.1016/j.envint.2016.02.009
https://doi.org/10.1016/j.envint.2016.02.009
https://doi.org/10.1016/j.envint.2016.02.009
https://doi.org/10.1016/j.envint.2016.02.009
https://doi.org/10.1016/j.envpol.2018.04.077
https://doi.org/10.1016/j.envpol.2018.04.077
https://doi.org/10.1016/j.envpol.2018.04.077
https://doi.org/10.1016/j.envpol.2018.04.077
https://doi.org/10.1016/j.envpol.2018.04.077
https://doi.org/10.1016/j.envpol.2018.04.077
https://doi.org/10.1158/1055-9965.EPI-09-1098
https://doi.org/10.1158/1055-9965.EPI-09-1098
https://doi.org/10.1158/1055-9965.EPI-09-1098
https://doi.org/10.1158/1055-9965.EPI-09-1098
https://doi.org/10.1158/1055-9965.EPI-09-1098
https://doi.org/10.1016/j.scitotenv.2017.10.238
https://doi.org/10.1016/j.scitotenv.2017.10.238
https://doi.org/10.1016/j.scitotenv.2017.10.238
https://doi.org/10.1016/j.scitotenv.2017.10.238
https://doi.org/10.1289/ehp.8982
https://doi.org/10.1289/ehp.8982
https://doi.org/10.1289/ehp.8982
https://doi.org/10.1289/ehp.8982
https://doi.org/10.1289/ehp.8982
https://doi.org/10.1016/j.envres.2019.04.024
https://doi.org/10.1016/j.envres.2019.04.024
https://doi.org/10.1016/j.envres.2019.04.024
https://doi.org/10.1016/j.envres.2019.04.024
https://doi.org/10.1016/j.envres.2019.04.024
https://doi.org/10.1289/ehp.98106821
https://doi.org/10.1289/ehp.98106821
https://doi.org/10.1289/ehp.98106821
https://doi.org/10.1289/ehp.98106821
https://doi.org/10.1289/ehp.98106821
https://doi.org/10.1289/ehp.5742
https://doi.org/10.1289/ehp.5742
https://doi.org/10.1289/ehp.5742
https://doi.org/10.1289/ehp.5742
https://doi.org/10.1289/ehp.5742
https://doi.org/10.1289/ehp.1003185
https://doi.org/10.1289/ehp.1003185
https://doi.org/10.1289/ehp.1003185
https://doi.org/10.1289/ehp.1003185
https://doi.org/10.1289/ehp.1003185
https://doi.org/10.1016/j.ntt.2012.07.004
https://doi.org/10.1016/j.ntt.2012.07.004
https://doi.org/10.1016/j.ntt.2012.07.004
https://doi.org/10.1016/j.ntt.2012.07.004
https://doi.org/10.1016/j.ntt.2012.07.004
https://doi.org/10.1016/j.neuro.2012.01.004
https://doi.org/10.1016/j.neuro.2012.01.004
https://doi.org/10.1016/j.neuro.2012.01.004
https://doi.org/10.1016/j.neuro.2012.01.004
https://doi.org/10.1093/aje/kwm029
https://doi.org/10.1093/aje/kwm029
https://doi.org/10.1093/aje/kwm029
https://doi.org/10.1093/aje/kwm029
https://doi.org/10.1093/aje/kwm029

epidemiology, 165(12), 1397-1404.

100.Eskenazi, B., Marks, A. R., Bradman, A., Harley, K., Barr, D.
B., Johnson, C., ... & Jewell, N. P. (2007). Organophosphate
pesticide exposure and neurodevelopment in young Mexican-
American children. Environmental health perspectives, 115(5),
792-798.

101.Sanchez Lizardi, P., O'Rourke, M. K., & Morris, R. J. (2008).
The effects of organophosphate pesticide exposure on Hispanic
children's cognitive and behavioral functioning. Journal of
pediatric psychology, 33(1), 91-101.

102.Young, J. G., Eskenazi, B., Gladstone, E. A., Bradman, A.,
Pedersen,L.,Johnson,C.,...&Holland,N.T.(2005).Association
between in utero organophosphate pesticide exposure and
abnormal reflexes in neonates. Neurotoxicology, 26(2), 199-
209.

103.Engel, S. M., Wetmur, J., Chen, J., Zhu, C., Barr, D. B.,
Canfield, R. L., & Wolff, M. S. (2011). Prenatal exposure to
organophosphates, paraoxonase 1, and cognitive development
in childhood. Environmental health perspectives, 119(8),
1182-1188.

104.Miyake, A., & Shah, P. (1997). Models of working memory.

105.Smith, E. E., & Jonides, J. (1997). Working memory: A view
from neuroimaging. Cognitive psychology, 33(1), 5-42.

106.Hoffman, K., Webster, T. F., Weisskopf, M. G., Weinberg, J.,
& Vieira, V. M. (2010). Exposure to polyfluoroalkyl chemicals
and attention deficit/hyperactivity disorder in US children 12—
15 years of age. Environmental health perspectives, 118(12),
1762-1767.

107.Gump, B. B., Wu, Q., Dumas, A. K., & Kannan, K. (2011).
Perfluorochemical (PFC) exposure in children: associations
with impaired response inhibition. Environmental science &
technology, 45(19), 8151-8159.

108.Fei, C., McLaughlin, J. K., Lipworth, L., & Olsen, J.
(2008). Prenatal exposure to perfluorooctanoate (PFOA) and
perfluorooctanesulfonate (PFOS) and maternally reported
developmental milestones in infancy. Environmental health
perspectives, 116(10), 1391-1395.

109.Fei, C., & Olsen, J. (2011). Prenatal exposure to perfluorinated
chemicals and behavioral or coordination problems at age 7
years. Environmental health perspectives, 119(4), 573-578.

110.Miyashita C, Sasaki S, Saijo Y, Okada E, Kobayashi S,
Baba T, Kajiwara J, Todaka T, Iwasaki Y, Nakazawa H et
al: Demographic, behavioral, dietary, and socioeconomic
characteristics related to persistent organic pollutants and
mercury levels in pregnant women in Japan. Chemosphere
2015, 133:13-21.

111.Lynch, C. D., Jackson, L. W., Kostyniak, P. J., McGuinness,
B. M., & Louis, G. M. B. (2012). The effect of prenatal and
postnatal exposure to polychlorinated biphenyls and child
neurodevelopment at age twenty four months. Reproductive
Toxicology, 34(3), 451-456.

112.Boucher, O., Muckle, G., & Bastien, C. H. (2009). Prenatal
exposure to polychlorinated biphenyls: a neuropsychologic
analysis. Environmental health perspectives, 117(1), 7-16.

113.Grandjean, P., & Landrigan, P. J. (2006). Developmental
neurotoxicity of industrial chemicals. The Lancet, 368(9553),

2167-2178.

114.Park, H. Y., Hertz-Picciotto, 1., Sovcikova, E., Kocan, A.,
Drobna,B., & Trnovec, T. (2010). Neurodevelopmental toxicity
of prenatal polychlorinated biphenyls (PCBs) by chemical
structure and activity: a birth cohort study. Environmental
Health, 9(1), 51.

115.Forns, J., Torrent, M., Garcia-Esteban, R., Grellier, J., Gascon,
M., Julvez, J., ... & Sunyer, J. (2012). Prenatal exposure to
polychlorinated biphenyls and child neuropsychological
development in 4-year-olds: an analysis per congener
and specific cognitive domain. Science of the total
environment, 432, 338-343.

116.Sagiv, S. K., Thurston, S. W., Bellinger, D. C., Tolbert,
P. E., Altshul, L. M., & Korrick, S. A. (2010). Prenatal
organochlorine exposure and behaviors associated with
attention deficit hyperactivity disorder in school-aged
children. American journal of epidemiology, 171(5), 593-601.

117.Newman, J., Behforooz, B., Khuzwayo, A. G., Gallo,
M. V., Schell, L. M., & Akwesasne Task Force on the
Environment. (2014). PCBs and ADHD in Mohawk
adolescents. Neurotoxicology and teratology, 42, 25-34.

118. Wilhelm, M., Ranft, U., Kramer, U., Wittsiepe, J.,
Lemm, F., Fiirst, P, ... & Winneke, G. (2008). Lack of
neurodevelopmental adversity by prenatal exposure of infants
to current lowered PCB levels: comparison of two German
birth cohort studies. Journal of Toxicology and Environmental
Health, Part A, 71(11-12), 700-702.

119.Nakajima, S., Saijo, Y., Kato, S., Sasaki, S., Uno, A.,
Kanagami, N., ... & Kishi, R. (2006). Effects of prenatal
exposure to polychlorinated biphenyls and dioxins on mental
and motor development in Japanese children at 6 months of
age. Environmental health perspectives, 114(5), 773-778.

120.Kyriklaki, A., Vafeiadi, M., Kampouri, M., Koutra, K.,
Roumeliotaki, T., Chalkiadaki, G., ... & Chatzi, L. (2016).
Prenatal exposure to persistent organic pollutants in
association with offspring neuropsychological development
at 4 years of age: The Rhea mother-child cohort, Crete,
Greece. Environment international, 97, 204-211.

121.Lynch CD, Jackson LW, Kostyniak PJ, McGuinness BM,
Buck Louis GM: The effect of prenatal and postnatal exposure
to polychlorinated biphenyls and child neurodevelopment at
age twenty four months. Reproductive toxicology (Elmsford,
NY) 2012, 34(3):451-456.

122.Seegal, R. F. (1996). Epidemiological and laboratory
evidence of PCB-Induced neurotoxicity. Critical reviews in
toxicology, 26(6), 709-737.

123.Stapleton, H. M., Klosterhaus, S., Keller, A., Ferguson, P. L.,
Van Bergen, S., Cooper, E., ... & Blum, A. (2011). Identification
of flame retardants in polyurethane foam collected from baby
products. Environmental science & technology, 45(12), 5323-
5331.

124.de Graaf-Peters, V. B., & Hadders-Algra, M. (2006). Ontogeny
of the human central nervous system: what is happening
when?. Early human development, 82(4), 257-266.

125.Sonnander, K., & Claesson, M. (1999). Predictors of
developmental delay at 18 months and later school

J Anesth Pain Med, 2025

Volume 10 | Issue 3 | 12


https://doi.org/10.1093/aje/kwm029
https://doi.org/10.1289/ehp.9828
https://doi.org/10.1289/ehp.9828
https://doi.org/10.1289/ehp.9828
https://doi.org/10.1289/ehp.9828
https://doi.org/10.1289/ehp.9828
https://doi.org/10.1093/jpepsy/jsm047
https://doi.org/10.1093/jpepsy/jsm047
https://doi.org/10.1093/jpepsy/jsm047
https://doi.org/10.1093/jpepsy/jsm047
https://doi.org/10.1016/j.neuro.2004.10.004
https://doi.org/10.1016/j.neuro.2004.10.004
https://doi.org/10.1016/j.neuro.2004.10.004
https://doi.org/10.1016/j.neuro.2004.10.004
https://doi.org/10.1016/j.neuro.2004.10.004
https://apps.dtic.mil/sti/html/tr/ADA331951/
https://apps.dtic.mil/sti/html/tr/ADA331951/
https://apps.dtic.mil/sti/html/tr/ADA331951/
https://apps.dtic.mil/sti/html/tr/ADA331951/
https://apps.dtic.mil/sti/html/tr/ADA331951/
https://apps.dtic.mil/sti/html/tr/ADA331951/
https://doi.org/10.1006/cogp.1997.0658
https://doi.org/10.1006/cogp.1997.0658
https://doi.org/10.1289/ehp.1001898
https://doi.org/10.1289/ehp.1001898
https://doi.org/10.1289/ehp.1001898
https://doi.org/10.1289/ehp.1001898
https://doi.org/10.1289/ehp.1001898
https://pubs.acs.org/doi/abs/10.1021/es103712g
https://pubs.acs.org/doi/abs/10.1021/es103712g
https://pubs.acs.org/doi/abs/10.1021/es103712g
https://pubs.acs.org/doi/abs/10.1021/es103712g
https://doi.org/10.1289/ehp.11277
https://doi.org/10.1289/ehp.11277
https://doi.org/10.1289/ehp.11277
https://doi.org/10.1289/ehp.11277
https://doi.org/10.1289/ehp.11277
https://doi.org/10.1289/ehp.1002026
https://doi.org/10.1289/ehp.1002026
https://doi.org/10.1289/ehp.1002026
https://doi.org/10.1016/j.chemosphere.2015.02.062
https://doi.org/10.1016/j.chemosphere.2015.02.062
https://doi.org/10.1016/j.chemosphere.2015.02.062
https://doi.org/10.1016/j.chemosphere.2015.02.062
https://doi.org/10.1016/j.chemosphere.2015.02.062
https://doi.org/10.1016/j.chemosphere.2015.02.062
https://doi.org/10.1016/j.reprotox.2012.04.013
https://doi.org/10.1016/j.reprotox.2012.04.013
https://doi.org/10.1016/j.reprotox.2012.04.013
https://doi.org/10.1016/j.reprotox.2012.04.013
https://doi.org/10.1016/j.reprotox.2012.04.013
https://doi.org/10.1289/ehp.11294
https://doi.org/10.1289/ehp.11294
https://doi.org/10.1289/ehp.11294
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(06)69665-7/abstract?i=
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(06)69665-7/abstract?i=
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(06)69665-7/abstract?i=
https://doi.org/10.1186/1476-069X-9-51
https://doi.org/10.1186/1476-069X-9-51
https://doi.org/10.1186/1476-069X-9-51
https://doi.org/10.1186/1476-069X-9-51
https://doi.org/10.1186/1476-069X-9-51
https://doi.org/10.1016/j.scitotenv.2012.06.012
https://doi.org/10.1016/j.scitotenv.2012.06.012
https://doi.org/10.1016/j.scitotenv.2012.06.012
https://doi.org/10.1016/j.scitotenv.2012.06.012
https://doi.org/10.1016/j.scitotenv.2012.06.012
https://doi.org/10.1016/j.scitotenv.2012.06.012
https://doi.org/10.1093/aje/kwp427
https://doi.org/10.1093/aje/kwp427
https://doi.org/10.1093/aje/kwp427
https://doi.org/10.1093/aje/kwp427
https://doi.org/10.1093/aje/kwp427
https://doi.org/10.1016/j.ntt.2014.01.005
https://doi.org/10.1016/j.ntt.2014.01.005
https://doi.org/10.1016/j.ntt.2014.01.005
https://doi.org/10.1016/j.ntt.2014.01.005
https://doi.org/10.1080/15287390801984904
https://doi.org/10.1080/15287390801984904
https://doi.org/10.1080/15287390801984904
https://doi.org/10.1080/15287390801984904
https://doi.org/10.1080/15287390801984904
https://doi.org/10.1080/15287390801984904
https://doi.org/10.1289/ehp.8614
https://doi.org/10.1289/ehp.8614
https://doi.org/10.1289/ehp.8614
https://doi.org/10.1289/ehp.8614
https://doi.org/10.1289/ehp.8614
https://doi.org/10.1016/j.envint.2016.09.012
https://doi.org/10.1016/j.envint.2016.09.012
https://doi.org/10.1016/j.envint.2016.09.012
https://doi.org/10.1016/j.envint.2016.09.012
https://doi.org/10.1016/j.envint.2016.09.012
https://doi.org/10.1016/j.envint.2016.09.012
https://doi.org/10.1016/j.reprotox.2012.04.013
https://doi.org/10.1016/j.reprotox.2012.04.013
https://doi.org/10.1016/j.reprotox.2012.04.013
https://doi.org/10.1016/j.reprotox.2012.04.013
https://doi.org/10.1016/j.reprotox.2012.04.013
https://doi.org/10.3109/10408449609037481
https://doi.org/10.3109/10408449609037481
https://doi.org/10.3109/10408449609037481
https://pubs.acs.org/doi/full/10.1021/es2007462
https://pubs.acs.org/doi/full/10.1021/es2007462
https://pubs.acs.org/doi/full/10.1021/es2007462
https://pubs.acs.org/doi/full/10.1021/es2007462
https://pubs.acs.org/doi/full/10.1021/es2007462
https://doi.org/10.1016/j.earlhumdev.2005.10.013
https://doi.org/10.1016/j.earlhumdev.2005.10.013
https://doi.org/10.1016/j.earlhumdev.2005.10.013
DOI:%20https://doi.org/10.1017/S0012162299000389
DOI:%20https://doi.org/10.1017/S0012162299000389

achievement problems. Developmental Medicine and Child
Neurology, 41(3), 195-202.

126.Cheslack-Postava, K., Rantakokko, P. V., Hinkka-Yli-
Salomaéki, S., Surcel, H. M., McKeague, 1. W., Kiviranta,
H. A., ... & Brown, A. S. (2013). Maternal serum persistent
organic pollutants in the Finnish Prenatal Study of Autism: A
pilot study. Neurotoxicology and teratology, 38, 1-5.

127.Gascon, M., Fort, M., Martinez, D., Carsin, A. E.,
Forns, J., Grimalt, J. O., & Vrijheid, M. (2012).
Polybrominated diphenyl ethers (PBDEs) in breast milk and
neuropsychological development in infants. Environmental
health perspectives, 120(12), 1760-1765.

128.Ding, G., Yu, J., Cui, C., Chen, L., Gao, Y., Wang, C., ...
& Tian, Y. (2015). Association between prenatal exposure
to polybrominated diphenyl ethers and young children's
neurodevelopment in China. Environmental research, 142,
104-111.

129.Gascon, M., Vrijheid, M., Martinez, D., Forns, J., Grimalt,
J. O., Torrent, M., & Sunyer, J. (2011). Effects of pre and
postnatal exposure to low levels of polybromodiphenyl ethers
on neurodevelopment and thyroid hormone levels at 4 years
of age. Environment international, 37(3), 605-611.

130.Jurewicz, J., Polanska, K., & Hanke, W. (2013). Chemical
exposure early in life and the neurodevelopment of children—
an overview of current epidemiological evidence. Annals of
agricultural and environmental medicine, 20(3).

131.Parajuli, R. P., Fujiwara, T., Umezaki, M., & Watanabe, C.
(2013). Association of cord blood levels of lead, arsenic,
and zinc with neurodevelopmental indicators in newborns: a
birth cohort study in Chitwan Valley, Nepal. Environmental
research, 121,45-51.

132.Toscano, C. D., & Guilarte, T. R. (2005). Lead neurotoxicity:
from exposure to molecular effects. Brain Research
Reviews, 49(3), 529-554.

133.Wright, R. O., & Baccarelli, A. (2007). Metals and
neurotoxicology. The Journal of nutrition, 137(12), 2809-
2813.

134.0udin, A., Brabick, L., Astrom, D. O., Strdomgren, M., &
Forsberg, B. (2016). Association between neighbourhood
air pollution concentrations and dispensed medication for
psychiatric disorders in a large longitudinal cohort of Swedish
children and adolescents. BMJ open, 6(6), ¢010004.

135.Perera, F. P., Tang, D., Wang, S., Vishnevetsky, J., Zhang, B.,
Diaz, D., ... & Rauh, V. (2012). Prenatal polycyclic aromatic

hydrocarbon (PAH) exposure and child behavior at age 67
years. Environmental health perspectives, 120(6), 921-926.

136.Porta, D., Narduzzi, S., Badaloni, C., Bucci, S., Cesaroni,
G., Colelli, V., ... & Forastiere, F. (2016). Air pollution and
cognitive development at age 7 in a prospective Italian birth
cohort. Epidemiology, 27(2), 228-236.

137.Vrijheid, M., Casas, M., Gascon, M., Valvi, D., &
Nieuwenhuijsen, M. (2016). Environmental pollutants and
child health—a review of recent concerns. International
journal of hygiene and environmental health, 219(4-5), 331-
342.

138.Backes, C. H., Nelin, T., Gorr, M. W., & Wold, L. E. (2013).
Early life exposure to air pollution: how bad is it?. Toxicology
letters, 216(1), 47-53.

139.Hines, P. J. (2018). Mind-boggling brain development. Sci-
ence, 362(6411), 170-171.

140.Harris, M. H., Gold, D. R., Rifas-Shiman, S. L., Melly,
S. J., Zanobetti, A., Coull, B. A, ... & Oken, E. (2015).
Prenatal and childhood traffic-related pollution exposure and
childhood cognition in the project viva cohort (Massachusetts,
USA). Environmental health perspectives, 123(10), 1072-
1078.

141.Siddique, S., Banerjee, M., Ray, M. R., & Labhiri, T. (2011).
Attention-deficit hyperactivity disorder in children chronically
exposed to high level of vehicular pollution. European journal
of pediatrics, 170(7), 923-929.

142.Suk, W. A., Ahanchian, H., Asante, K. A., Carpenter, D. O.,
Diaz-Barriga, F., Ha, E. H., ... & Landrigan, P. J. (2016).
Environmental pollution: an under-recognized threat to
children’s health, especially in low-and middle-income
countries. Environmental health perspectives, 124(3),
A41-A45.

143.Boyle, C. A., Boulet, S., Schieve, L. A., Cohen, R. A.,
Blumberg, S. J., Yeargin-Allsopp, M., ... & Kogan, M. D.
(2011). Trends in the prevalence of developmental disabilities
in US children, 1997-2008. Pediatrics, 127(6), 1034-1042.

144.Rice, D. C. (2000). Parallels between attention deficit
hyperactivity disorder and behavioral deficits produced by
neurotoxic exposure in monkeys. Environmental Health
Perspectives, 108(suppl 3), 405-408.

145.Rodier, P. M. (1995). Developing brain as a target of
toxicity. Environmental health perspectives, 103(suppl 6), 73-
76.

Copyright: ©2025 Rachael Gakii Murithi, et al. This is an open-access
article distributed under the terms of the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original author and source are credited.

J Anesth Pain Med, 2025

https://opastpublishers.com/

Volume 10 | Issue 3 | 13


DOI:%20https://doi.org/10.1017/S0012162299000389
DOI:%20https://doi.org/10.1017/S0012162299000389
https://doi.org/10.1016/j.ntt.2013.04.001
https://doi.org/10.1016/j.ntt.2013.04.001
https://doi.org/10.1016/j.ntt.2013.04.001
https://doi.org/10.1016/j.ntt.2013.04.001
https://doi.org/10.1016/j.ntt.2013.04.001
https://doi.org/10.1289/ehp.1205266
https://doi.org/10.1289/ehp.1205266
https://doi.org/10.1289/ehp.1205266
https://doi.org/10.1289/ehp.1205266
https://doi.org/10.1289/ehp.1205266
https://doi.org/10.1016/j.envres.2015.06.008
https://doi.org/10.1016/j.envres.2015.06.008
https://doi.org/10.1016/j.envres.2015.06.008
https://doi.org/10.1016/j.envres.2015.06.008
https://doi.org/10.1016/j.envres.2015.06.008
https://doi.org/10.1016/j.envint.2010.12.005
https://doi.org/10.1016/j.envint.2010.12.005
https://doi.org/10.1016/j.envint.2010.12.005
https://doi.org/10.1016/j.envint.2010.12.005
https://doi.org/10.1016/j.envint.2010.12.005
https://agro.icm.edu.pl/agro/element/bwmeta1.element.agro-c939b630-4316-4f06-bbdd-660cf61f75ae
https://agro.icm.edu.pl/agro/element/bwmeta1.element.agro-c939b630-4316-4f06-bbdd-660cf61f75ae
https://agro.icm.edu.pl/agro/element/bwmeta1.element.agro-c939b630-4316-4f06-bbdd-660cf61f75ae
https://agro.icm.edu.pl/agro/element/bwmeta1.element.agro-c939b630-4316-4f06-bbdd-660cf61f75ae
https://doi.org/10.1016/j.envres.2012.10.010
https://doi.org/10.1016/j.envres.2012.10.010
https://doi.org/10.1016/j.envres.2012.10.010
https://doi.org/10.1016/j.envres.2012.10.010
https://doi.org/10.1016/j.envres.2012.10.010
https://doi.org/10.1016/j.brainresrev.2005.02.004
https://doi.org/10.1016/j.brainresrev.2005.02.004
https://doi.org/10.1016/j.brainresrev.2005.02.004
https://doi.org/10.1093/jn/137.12.2809
https://doi.org/10.1093/jn/137.12.2809
https://doi.org/10.1093/jn/137.12.2809
https://bmjopen.bmj.com/content/6/6/e010004
https://bmjopen.bmj.com/content/6/6/e010004
https://bmjopen.bmj.com/content/6/6/e010004
https://bmjopen.bmj.com/content/6/6/e010004
https://bmjopen.bmj.com/content/6/6/e010004
https://doi.org/10.1289/ehp.1104315
https://doi.org/10.1289/ehp.1104315
https://doi.org/10.1289/ehp.1104315
https://doi.org/10.1289/ehp.1104315
https://journals.lww.com/epidem/abstract/2016/03000/air_pollution_and_cognitive_development_at_age_7.10.aspx
https://journals.lww.com/epidem/abstract/2016/03000/air_pollution_and_cognitive_development_at_age_7.10.aspx
https://journals.lww.com/epidem/abstract/2016/03000/air_pollution_and_cognitive_development_at_age_7.10.aspx
https://journals.lww.com/epidem/abstract/2016/03000/air_pollution_and_cognitive_development_at_age_7.10.aspx
https://doi.org/10.1016/j.ijheh.2016.05.001
https://doi.org/10.1016/j.ijheh.2016.05.001
https://doi.org/10.1016/j.ijheh.2016.05.001
https://doi.org/10.1016/j.ijheh.2016.05.001
https://doi.org/10.1016/j.ijheh.2016.05.001
https://doi.org/10.1016/j.toxlet.2012.11.007
https://doi.org/10.1016/j.toxlet.2012.11.007
https://doi.org/10.1016/j.toxlet.2012.11.007
https://doi.org/10.1126/science.aav5687
https://doi.org/10.1126/science.aav5687
https://doi.org/10.1289/ehp.1408803
https://doi.org/10.1289/ehp.1408803
https://doi.org/10.1289/ehp.1408803
https://doi.org/10.1289/ehp.1408803
https://doi.org/10.1289/ehp.1408803
https://doi.org/10.1289/ehp.1408803
https://doi.org/10.1007/s00431-010-1379-0
https://doi.org/10.1007/s00431-010-1379-0
https://doi.org/10.1007/s00431-010-1379-0
https://doi.org/10.1007/s00431-010-1379-0
https://doi.org/10.1289/ehp.1510517
https://doi.org/10.1289/ehp.1510517
https://doi.org/10.1289/ehp.1510517
https://doi.org/10.1289/ehp.1510517
https://doi.org/10.1289/ehp.1510517
https://doi.org/10.1289/ehp.1510517
https://doi.org/10.1542/peds.2010-2989
https://doi.org/10.1542/peds.2010-2989
https://doi.org/10.1542/peds.2010-2989
https://doi.org/10.1542/peds.2010-2989
https://doi.org/10.1289/ehp.00108s3405
https://doi.org/10.1289/ehp.00108s3405
https://doi.org/10.1289/ehp.00108s3405
https://doi.org/10.1289/ehp.00108s3405
https://doi.org/10.1289/ehp.95103s673
https://doi.org/10.1289/ehp.95103s673
https://doi.org/10.1289/ehp.95103s673

