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Abstract: Preterm birth is associated with an increased risk of neurodevelopmental and neurobehav-
ioral impairments including attention-deficit/hyperactivity disorder (ADHD), the most common
neurobehavioral disorder of childhood. In this narrative review, we examine the known associa-
tions between prematurity and ADHD and highlight the impact of both prematurity and ADHD
on multiple domains across the pediatric life-course. We develop a framework for understanding
the health services journey of individuals with ADHD to access appropriate services and treatments
for ADHD, the “ADHD Care Cascade”. We then discuss the many racial and ethnic inequities that
affect the risk of preterm birth as well as the steps along the “ADHD Care Cascade”. By using a
life-course approach, we highlight the ways in which inequities are layered over time to magnify the
neurodevelopmental impact of preterm birth on the most vulnerable children across the life-course.

Keywords: attention deficit/hyperactivity disorder; ADHD; preterm birth; prematurity; life-course

1. Introduction

In the United States, approximately 10.5% of babies are born premature (birth prior
to 37 weeks), equating to roughly 385,000 preterm infants born each year [1]. Lower
gestational age at birth is associated with a higher risk of neurologic complications in the
neonatal period, such as intraventricular hemorrhage and periventricular leukomalacia.
Prematurity is also associated with several other medical comorbidities such as motor
impairment, bronchopulmonary dysplasia, necrotizing enterocolitis, and retinopathy of
prematurity [2–4]. While medical comorbidities associated with preterm birth are well
described in the neonatal period, ongoing research has sought to understand the long-term
impacts of prematurity across the life-course.

In this narrative review, we explore the impact of prematurity on neurodevelopmental
and neurobehavioral outcomes across the life-course, specifically through the lens of
attention-deficit/hyperactivity disorder (ADHD), the most prevalent neurobehavioral
diagnosis in childhood and adolescence [5]. Furthermore, we highlight the ways in which
racial, ethnic, and socioeconomic inequities in preterm birth, pediatric health services
utilization, and ADHD diagnosis and treatment are layered. Over time, inequities are
potentially magnified through repeated, clustered insults at critical periods (moments
during the life-course that, if interrupted, have inalterable effects across the life-course)
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and sensitive periods (moments during the life-course that have life-long impacts on the
life-course).

2. Epidemiology of Attention-Deficit/Hyperactivity Disorder (ADHD)

Attention-deficit/hyperactivity disorder is a neurobehavioral condition that typically
presents in early childhood with symptoms that include hyperactivity, impulsivity, and/or
inattention [5]. ADHD is the most common neuropsychiatric diagnosis of childhood, affect-
ing approximately 10% of children in the U.S. (an estimated 5.4 million children between
6 and 17 years of age) [5]. One large retrospective cohort study of ADHD prevalence
using deidentified claims data of privately insured children found that approximately
10% of children were diagnosed with ADHD before age 10 [6]. There is a well-known
gender difference in ADHD diagnosis; male children have a higher likelihood of clinically
significant symptoms and diagnosis than their female peers [6,7].

The prevalence of ADHD diagnosis and treatment in the U.S. has notably increased
over the past two decades [8–10]. The etiology of the prevalence increase in ADHD
diagnosis is unclear, though some have suggested that increased diagnosis is due to
changes in the diagnostic criteria for ADHD in the Diagnostic and Statistical Manual of
Mental Disorders (DSM) [7]. However, this likely does not fully account for epidemiologic
trends over time.

ADHD is also the most expensive chronic health condition for children and adolescents.
In a large study of 2.9 billion patient records from 183 sources of data, Bui et al. found that
ADHD results in USD 20.6 billion in healthcare spending in the United States each year [11].
Additionally, Guo and colleagues found that while children with ADHD accounted for only
5.4% of the New York State Medicaid population, they accounted for over 18% of the total
costs; the costs of children with a diagnosis of ADHD were an average of 3.2 times greater
than those without an ADHD diagnosis [12]. These additional costs are due to behavioral
health services and medication costs [11,12].

The management of ADHD begins with symptom recognition, either by family mem-
bers, teachers, primary healthcare providers, or the youth themselves. After symptom
recognition, children often present to a healthcare provider for evaluation and poten-
tial diagnosis. Following diagnosis, individuals and families ideally partner with their
healthcare team to determine treatment plans which can include medication—most com-
monly, stimulants, selective norepinephrine-reuptake inhibitors, and alpha-2-adrenergic
agonists—behavioral therapy, or observation [5,13,14]. Finally, the maintenance period
includes surveillance, monitoring, and ongoing support to ensure appropriate response
to treatment [13]. This process of symptom recognition, referral, evaluation, diagnosis,
treatment decisions, and maintenance represents a cascade of events which we refer to here
as the “ADHD Care Cascade”. (Figure 1) Failure to enter the “ADHD Care Cascade” or
to complete any step along the “ADHD Care Cascade” can lead to suboptimal outcomes
for individuals with ADHD. For example, if symptoms are not recognized, a diagnosis of
ADHD cannot be made and, thus, access to treatments, supports, and interventions is less
likely, and, in some cases, may not be possible.

ADHD is a clinical diagnosis; there are no specific cognitive, metabolic, or neurologic
markers or tests for ADHD. This presents a potential barrier to uniform detection of
symptoms across varying contexts. In fact, some have suggested that ADHD is a cultural
construct, defined by cultural, educational, social, and family norms around appropriate
childhood behavior [15]. This may explain the differing rates of ADHD prevalence across
countries and geographic regions as well as diagnostic variation related to age at school
entry [16,17].

Association and Pathophysiology of Prematurity and Attention-Deficit/Hyperactivity Disorder

The epidemiologic association between preterm birth and ADHD has been docu-
mented across multiple studies and populations. A large birth cohort study of over
110,000 children found that preterm infants had a higher risk of ADHD symptoms com-
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pared to their term peers [18]. An analysis of sibling-matched preterm- and term-born
siblings confirmed the relationship between preterm birth and ADHD, indicating that
the measured association is not due to unmeasured genetic and environmental confound-
ing [18]. The risk of ADHD has also been found to be higher with lower gestational age
at birth [19–21]. Using a population-based birth cohort in Sweden, Beer and colleagues
found a negative linear relationship between gestational age and ADHD diagnosis that
persisted among medically indicated and spontaneous preterm births [19]. A large Finnish
population-based cohort had similar findings of higher risk of ADHD with lower gesta-
tional age at birth [22]. Notably, children born very preterm (less than 33 weeks gestational
age at birth), have a two to three times higher risk of being diagnosed with ADHD than
their term-born peers [20,23]. Among infants born extremely preterm (less than 29 weeks
gestational age birth) or extremely low birth weight (ELBW; birth weight less than 1000 g),
there is a fourfold higher risk of developing ADHD compared to their term-born peers [20].
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Conflicting evidence exists regarding the risk of ADHD among late preterm (gesta-
tional age between 34–36 weeks at birth) infants. Some studies have found no association,
while others continue to report a higher risk of ADHD among children born late preterm,
albeit a lower risk than very or extremely preterm-born children [18,20,22].

In addition to the elevated risk of ADHD among preterm-born children compared
to term-born children, there are also several risk factors specific to preterm-born children
that further increase the risk of ADHD. For example, while small-for-gestational-age (SGA;
birth weight less than 10 percentile) children have a higher risk for ADHD compared to
appropriate-for-gestational-age-weight infants, researchers have found that the association
between SGA and a diagnosis of ADHD is stronger among preterm-born children [19].
Cochran et al., using the Extremely Low Gestational Age Newborns (ELGAN) Study, a
longitudinal study of children born less than 28 weeks of gestation, demonstrated that
diabetes and overweight status in the birthing person also contribute to the development
of ADHD in extremely preterm-born children. An overweight birthing person had a 55%
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increased risk of having an ELGAN with ADHD, while obese birthing people had a 65%
increased risk. Diabetes also increased the risk of ADHD, and these joint risks had both
independent and multiplicative impacts on risk [24]. There are also associations between
intraventricular hemorrhage and bronchopulmonary dysplasia among preterm infants and
the development of ADHD, though the data are often conflicting [21].

Additionally, other pregnancy risk factors associated with ADHD in term-born chil-
dren, such as hypertensive disorders of pregnancy and maternal smoking, were not consis-
tently associated with the development of ADHD in preterm-born children [24]. Social risk
factors for the development of ADHD among term-born infants are less important among
preterm-born children, whose risk factors for the development of ADHD are mostly related
to “medical variables” [20]. Furthermore, the epidemiologic gender differences of ADHD
are less clear among preterm-born children [20].

There are also unique characteristics of ADHD among preterm-born children, suggest-
ing a unique subtype and pathophysiology in this population. ADHD is divided into three
subtypes: hyperactive or impulsive, inattentive, or combined hyperactive and inattentive.
While the combined phenotype is most common in the general population, among preterm-
born children, the most common ADHD phenotype is the inattentive subtype [18,20]. This
may lead to an increase in missed diagnoses because of the atypical presentation.

Some have suggested that the increased risk of ADHD among preterm infants may be
due to a systematic bias as a result of increased medical monitoring, testing, and screening
that children born preterm receive, such as through Early Intervention and high-risk
infant follow-up programs that may systematically screen for ADHD symptoms [25–27].
However, given the unique aspects, qualities, risk factors, and characteristics of ADHD
among preterm infants, it is unlikely that the increased monitoring of preterm infants
explains the excess of ADHD diagnosis among preterm-born children.

3. Burden of ADHD in Childhood, Adolescence, and Adulthood

ADHD has a significant and lasting impact across the life-course for children, ado-
lescents, and adults. Most prominently, ADHD has a significant impact on education,
schooling, and educational attainment. Children with ADHD are more likely to have a
reading, math, or spelling disability. They are also more likely to need to repeat a grade,
be expelled, or drop out from school [7]. One study of the 2001 National Health Interview
Survey which included over 10 thousand children between ages 4 and 17 found that 94%
of parents of children with ADHD reported impairments at school [7]. In adolescence,
children with ADHD are less likely to complete high school, and less likely than their peers
to enroll in four-year colleges [28].

Beyond schooling, ADHD can affect multiple domains of health-related quality of life
for children and adolescents [7]. Klassen et al., in a cross-sectional study of 259 children
referred to an ADHD clinic in British Columbia, Canada, found that despite similar physical
health, children with ADHD had significantly worse psychosocial health in all measured
domains including role/social limitations as a result of emotional–behavioral problems,
self-esteem, mental health, general behavior, emotional impact on parents, time impact on
parents, family activities, family cohesion, and overall psychosocial health. Furthermore,
higher ADHD symptom burden was associated with an increased impact on psychosocial
health [29]. In a large population-based study using the National Health Interview Survey,
Cuffe et al. found that nearly 75% of children and adolescents with ADHD have impair-
ments at home [7]. Furthermore, children with ADHD have lower scores on measures
of family cohesion and family activity [29]. Children with ADHD are also more likely to
engage in high-risk social behaviors, as evidenced by a higher risk of injury and death,
increased contact with the juvenile justice system, and higher prevalence of ADHD among
incarcerated individuals [13,30–34].

Finally, ADHD is also costly for families. One study found that the total financial
burden over the course of the development of a child who has ADHD was more than five
times greater than children without ADHD [35,36]. Costs associated with ADHD included
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direct costs due to missing activities and indirect costs due to family members being fired
from their jobs, changing responsibilities, and additional incurred childcare costs necessary
to help care for children with ADHD [35].

The 2014 National Survey of the Diagnosis and Treatment of ADHD and Tourette
Syndrome found that among children 8–17 years of age, 44.3% of families reported one or
more negative financial impacts as a result of a child’s ADHD diagnosis. These included
reducing work hours and avoiding job changes to ensure adequate health insurance cov-
erage. Over 14% of families reported that a member of the family stopped working due
to the needs of the child with ADHD. More severe and earlier diagnosis was associated
with a greater financial impact [30]. Notably, the financial impact of ADHD can affect the
treatment and management of ADHD in children. One study found that more than 11% of
families with a child with ADHD had unmet needs for ADHD treatment [30].

ADHD can also have financial implications on individuals with ADHD in adulthood.
Adults with ADHD are more likely to work entry-level jobs or be unemployed [31,32]. They
also have lower lifetime earnings and lower rates of financial independence compared to
their peers without ADHD [31,33].

It has been noted that the prevalence of ADHD diagnosis decreases with increasing
age, though these patterns may not persist for preterm-born children and adults [21,37,38].
While some studies have found adults born preterm do not have increased rates of ADHD
self-reported symptoms, large population-based studies have found that adults born
preterm have higher rates of ADHD diagnosis compared to their term-born peers. Thus,
while self-reported ADHD symptom prevalence may not vary between preterm- and term-
born adults, there is a higher prevalence of ADHD diagnosis in preterm-born adults. The
etiology of this finding is unclear and may be due to increased contact with the healthcare
system for preterm-born adults as a result of additional medical comorbidities or due to a
unique ADHD phenotype that differs from ADHD in term-born individuals.

Notably, the impact of ADHD on psychosocial health, educational attainment, and
financial well-being has not been specifically studied among the preterm-born population.
For example, while prematurity is associated with costs for families and societal costs,
it is not known what proportion of the costs associated with prematurity may be due
to ADHD [39]. Due to health-related impacts of prematurity and the increased risk of
physical and functional impairments among preterm-born children, we hypothesize that
the impact of ADHD across the life-course is likely magnified in preterm-born children.
However, further study is needed to understand the specific impact of ADHD on the life of
preterm-born children and how it may be different from the impact of ADHD on the life of
term-born individuals.

4. Layered Inequity in Preterm Birth and along the “ADHD Care Cascade”
4.1. Neonatal Inequities

When considering the life-course impacts of prematurity, it is important to recognize
that there are significant racial and ethnic inequities in preterm birth in the United States.
Race is a social construct and health differences across racial and ethnic populations are not
reflective of biology, genetics, or individual behavior. Rather, these differences represent
the effects of structural, institutional, interpersonal, and internalized racism [40–44]. Racial
and ethnic inequities in access to medical care, provision of medical treatment, and health
outcomes are recognized phenomena in the U.S. healthcare system affecting birthing people,
their infants, and children across their life-course. Black and Hispanic/Latinx (i.e., mi-
noritized), compared to white, birthing people have an increased risk of preterm and low
birthweight births, though the Black-white inequity is considerably the most severe [45–49].
Once born, infants born to Black birthing people experience lower-quality neonatal care and
have an increased risk of adverse outcomes [49–56]. These include a higher risk for sepsis,
necrotizing enterocolitis, intraventricular hemorrhage, and bronchopulmonary dysplasia,
all of which are associated with worse neurodevelopmental outcomes for preterm-born
children and may contribute to inequities across the pediatric life-course [57–63].
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Following discharge from the Neonatal Intensive Care Unit (NICU), Black and His-
panic/Latinx preterm infants are less likely to receive important follow up in high-risk
infant follow-up clinics and to be referred to and receive services from Early Interven-
tion [64–71]. This inequity in preterm health services utilization is important because
studies have found that consistent participation in high-risk infant follow-up clinics, as
well as participation in Early Intervention, may improve short- and long-term neurode-
velopmental outcomes [72–76]. The lack of access to these services may compound the
inequity in preterm birth over the life-course.

4.2. Inequities in the “ADHD Care Cascade”

There are known racial and ethnic inequities in multiple neurodevelopmental out-
comes including ADHD. However, these can be difficult to fully understand because the
process of symptom recognition, diagnosis, and treatment along the “ADHD Care Cascade”
is complex and represents a myriad of research outcomes to interrogate. Notably, at each
step of the “ADHD Care Cascade” where racial and ethnic inequity is identified, it is racism
in its many forms that is the root cause. Furthermore, as the “ADHD Care Cascade” is a
series of interconnected steps, inequities in one part of the cascade can be propagated, and
potentially magnified, at later steps of the “ADHD Care Cascade”. For the purposes of
this narrative review, we build on the conceptual framework of Eiraldi et al. and highlight
three points along the “ADHD Care Cascade”: (1) symptom recognition, (2) diagnosis, and
(3) treatment [77].

4.3. Symptom Recognition Inequities

The process of entering the “ADHD Care Cascade” and thus being eligible for diagno-
sis, management, and treatment is contingent on symptom recognition. While there are no
genetic or biologic differences between racial and ethnic populations, symptom recognition
is racialized and inequities exist, suggesting that racism, in its multiple forms, contributes
to inequitable symptom recognition. In a large nationally representative cohort, Cuffe et al.
found that Black and Hispanic/Latinx children had a higher prevalence of parent-reported
symptoms on the Strength and Difficulties Questionnaire, a valid measure of ADHD [7,78].
Others have identified similar trends where Black children are more likely to be identified
as having symptoms consistent with ADHD in parental-completed Diagnostic Interview
Schedule for Children Predictive Scales [79]. It is unclear whether the increased symptom
recognition by parents is a result of cultural differences in parental expectations, variation
in the interpretation of child behavior, differences in parental education, or differences in
child behavior that occur due to family exposure to experiences of structural racism, racial
trauma, and stress. Another study found that when observing the same video of a child’s
behavior, white teachers reported more ADHD symptoms for Black children than their
Black parents did, and white teachers with more negative attitudes toward Black people
gave higher ADHD symptom ratings than teachers with less negative racial attitudes [80].

4.4. Diagnostic Inequities

Irrespective of the etiology of higher rates of parental and teacher symptom recognition
in Black children, multiple studies have identified that minoritized children are less likely
to receive a diagnosis of ADHD. Despite lower rates of symptom recognition, parents of
white children are more likely to report that they were told by a healthcare provider that
their child has ADHD [7,79,81]. In one study of the Early Childhood Longitudinal Study-
Birth Cohort (ECLS-B)—a large nationally representative cohort of U.S.-born children—in
unadjusted models, Black children were 70% less likely to receive an ADHD diagnosis
compared to their white peers. Furthermore, the inequity persisted after adjusting for
markers of behavior, suggesting that even when controlling for behavioral phenotypes,
Black, as well as Hispanic/Latinx, children are less likely to receive a diagnosis than
their white peers [81]. Similarly, other studies have identified that parents of Black and
Hispanic/Latinx children were less likely than parents of white children to report having a
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child with ADHD, and that these inequities persisted even after adjusting for poverty, birth
weight, and insurance coverage [82].

The racial and ethnic inequities in ADHD diagnosis begin as early as five years
of age and persist across the pediatric life-course into childhood [10,79,83,84]. These
inequities in ADHD prevalence persist although the diagnosis rates tend to increase with
age [10,85]. Notably, we identified one study that found that being Black was associated
with a higher likelihood of ever receiving a diagnosis of ADHD, though this was not the
case for Hispanic/Latinx children in the same study [86].

It remains unknown why diagnostic inequities exist for minoritized individuals. To
begin, diagnostic tools may not have equal validity among different racial and ethnic
populations. For example, one study found that the Diagnostic Interview Schedule for
Children had differential validity among Black and white children; when seven items with
high variation were removed, the diagnostic inequities decreased [87]. However, inequities
in diagnosis are likely not solely attributable to variations in testing efficacy. Instead,
variations in ADHD diagnosis across regions, countries, cultures, classroom style, school
environment, and socioeconomic factors suggest that forces such as institutional racism,
structural racism, interpersonal racism, and bias may contribute to inequities in ADHD
diagnosis [15,84]. As Shi et al. explain, “it is possible, for example, that identical behavior
displayed by Black and non-Hispanic white children may be interpreted differently based
on race-based expectations for the behavior of children, and thus, behavior that is identified
as disordered in white children might be inappropriately interpreted as normal in Black
children” [6].

The lack of a diagnosis often precludes minoritized children with ADHD symptoms
and impairments from accessing medically indicated, evidence-based interventions that
have a positive impact on educational, social, and lifetime earnings.

4.5. Inequities in Treatment

Once diagnosed with ADHD, there continue to be significant inequities in access to
treatments. As noted above, white children are more likely than minoritized children to
receive a diagnosis of ADHD. Once diagnosed, white children are also significantly more
likely to receive medication than other racial and ethnic groups [82,83,88,89]. Similar to
inequities in symptom recognition and diagnosis, these inequities are seen as early as five
years of age and persist [6,81]. Analyses by Coker et al. limited to children with ADHD
symptoms or ADHD diagnoses found that Black and Hispanic/Latinx children were
less likely than their white peers to receive medications for the treatment of ADHD [79].
Furthermore, these inequities persisted at all levels of symptom severity [79]. As Coker and
coauthors state, the inequities in diagnosis and treatment are not related to overdiagnosis or
overtreatment in white children but, instead, point to underdiagnosis and undertreatment
in minoritized children [79]. Notably, there are similar inequities in medication use that
negatively affect those living in homes where the primary language is not English and
those in lower socioeconomic strata who are also less likely to receive medication treatment
for ADHD [82,86]. These inequities may continue to be magnified over time. For example,
racial bias is associated with negative perception of disruptive classroom behaviors due to
ADHD. Thus, minoritized children with untreated ADHD may be more likely to experience
exclusionary discipline which then further negatively affects school engagement and is
also associated with juvenile justice system involvement [90].

When considering the etiology of racial and ethnic inequities in treatment, one must
consider the potential of provider biases, both implicit and explicit, that may contribute
to inequities in treatment allocation [6,91–93]. However, inequities are also propagated
above and beyond individual-level bias at the institutional and structural level [40–44].
For example, clinic location, hours of operation, and available resources may contribute to
inequities in access, while school culture, cultural and racialized behavioral norms, and
public school funding may contribute to inequities at the structural and institutional level.
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The inequities in ADHD symptom recognition, diagnosis, and treatment allocation
have not been specifically studied in the preterm population. However, we believe that
the inequities along the “ADHD Care Cascade” are likely magnified for preterm-born
children. We believe that this is likely due to added medical and functional comorbidities
that preterm-born children experience as a result of their preterm status, compared to term
children, which may make it more difficult to navigate the “ADHD Care Cascade”. Fur-
thermore, the preterm-born population is disproportionately minoritized due to inequities
in preterm birth. The intersection of prematurity and race with ADHD likely compound
the inequities along the “ADHD Care Cascade”. In other words, the underdiagnoses and
undertreatment of minoritized children with ADHD compounds previous inequities in
preterm birth, further disadvantaging minoritized children over time. However, further
study is needed to fully understand how preterm-born minoritized children traverse the
“ADHD Care Cascade”.

5. Other Considerations: The Impacts of Prematurity and ADHD on School Readiness
and Life-Course Implications

School readiness at kindergarten entry is associated with long-term academic, eco-
nomic, and health outcomes [94]. Children who are school-ready have higher overall
educational attainment, increased adult earnings, and lower prevalence of cardiometabolic
disease in adulthood [95,96]. School readiness is a multidimensional concept involv-
ing both the child’s readiness for school in multiple domains including physical health,
social–emotional development, attitudes towards learning, language skills, preacademic
knowledge, and the school’s readiness for the child [97].

There are several mechanisms through which prematurity and ADHD each affect
the child’s readiness for school. Neurodevelopmental differences between the term and
preterm brain are thought to explain associations between decreasing gestational age and
lower teacher assessment of school readiness, kindergarten math and reading scores, and ex-
ecutive function at school entry [98–100]. Many children born preterm also have conditions
such as chronic lung disease and intraventricular hemorrhage which are independently
associated with decreased kindergarten readiness and also affect neurodevelopment [101].
Moreover, behaviors typical to ADHD, such as difficulty concentrating on tasks and inter-
acting with peers, affect school readiness [102]. While differences between children with
and without ADHD are most pronounced in the areas of attitudes towards learning and
social–emotional development, there is a high prevalence of difficulty in multiple domains
of school readiness among children with ADHD [103]. Thus, both prematurity and ADHD
are independently associated with decreased school readiness.

While prior research has investigated the individual impacts of prematurity and
ADHD on kindergarten readiness, less is known about their combined effect. Since school
readiness has lifelong consequences, future work should study the extent to which inter-
actions between these two factors affect school readiness and the short- and long-term
life-course contribution of school readiness to inequities.

6. Discussion

ADHD serves as a case study for the long-term impacts of prematurity on childhood
neurodevelopmental outcomes across the life-course. The association between prematurity
and the development of ADHD has been well documented in the literature, and there
is likely a specific phenotype of ADHD in preterm-born children characterized by more
symptoms of inattentiveness. ADHD is an important diagnosis to consider among preterm-
born children because it is the most common neuropsychiatric diagnosis of childhood and
has a significant impact on childhood learning, social interactions, and school achievement.
Additionally, it is associated with long-term health, safety, and financial independence.
Importantly, treatments for ADHD that improve outcomes are available.

However, it must be recognized that the risk of preterm birth is racialized, as are
neonatal adverse outcomes. In childhood, racial and ethnic inequities continue to persist,
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as we highlighted, in (1) symptom recognition, (2) diagnosis, and (3) treatment of ADHD
along the “ADHD Care Cascade”. Thus, it is important to recognize not only the long-term
life-course impacts of prematurity, but also to specifically address racialized long-term
outcomes for preterm-born children.

As shown in this narrative review, the repeated and clustered insults of racism, in
its multiple forms, which lead to racial and ethnic inequities in the prenatal, perinatal,
neonatal, and pediatric period, have significant and compounding impacts on the life-
course health and well-being of preterm-born children, including when viewed through
the lens of ADHD. Layered onto the impact of premature birth and racial and ethnic health
inequity are additional inequities in access, healthcare utilization, economic opportunity,
and social capital. Further study must not only investigate the impact of preterm birth
on a single outcome, but, instead, consider the life-course impact of preterm birth and
the ways in which inequities early in life may change and potentially widen over time.
Specifically, researchers must seek to identify strategies to prevent the long-term adverse
neurodevelopmental outcomes of preterm-born children while also identifying the modifi-
able structural and institutional drivers of inequity in neurodevelopmental outcomes over
time. The drivers of inequity are repeated and clustered insults across the life-course of
minoritized individuals. and along the care cascades they traverse. Thus the effect of these
drivers is magnified; widening gaps overtime. As such, creating meaningful interventions
to close equity gaps in neurodevelopment are sorely needed and long overdue.

Author Contributions: Conceptualization, Y.S.F.; writing—original draft preparation, Y.S.F. and G.G.;
writing—review and editing, Y.S.F., G.G., D.A.-G., A.F.B., H.B., T.R.C. and H.T. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Osterman, M.J.K.; Hamilton, B.E.; Martin, J.A.; Driscoll, A.K.; Valenzuela, C.P. Births: Final Data for 2021. Natl. Vital Stat. Rep.

Cent. Dis. Control Prev. Natl. Cent. Health Stat. Natl. Vital Stat. Syst. 2023, 72, 1–53.
2. Saigal, S.; Doyle, L.W. An overview of mortality and sequelae of preterm birth from infancy to adulthood. Lancet 2008, 371,

261–269. [CrossRef]
3. Spittle, A.J.; Cameron, K.; Doyle, L.W.; Cheong, J.L. Motor Impairment Trends in Extremely Preterm Children: 1991–2005.

Pediatrics 2018, 141, e20173410. [CrossRef]
4. Adams-Chapman, I.; Heyne, R.J.; DeMauro, S.B.; Duncan, A.F.; Hintz, S.R.; Pappas, A.; Vohr, B.R.; McDonald, S.A.; Das, A.;

Newman, J.E.; et al. Follow-Up Study of the Eunice Kennedy Shriver National Institute of Child Health and Human Development
Neonatal Research Network, Neurodevelopmental Impairment Among Extremely Preterm Infants in the Neonatal Research
Network. Pediatrics 2018, 141, e20173091. [CrossRef] [PubMed]

5. Feldman, H.M.; Reiff, M.I. Attention Deficit–Hyperactivity Disorder in Children and Adolescents. N. Engl. J. Med. 2014, 370,
838–846. [CrossRef]

6. Shi, Y.; Guevara, L.R.H.; Dykhoff, H.J.; Sangaralingham, L.R.; Phelan, S.; Zaccariello, M.J.; Warner, D.O. Racial Disparities
in Diagnosis of Attention-Deficit/Hyperactivity Disorder in a US National Birth Cohort. JAMA Netw. Open 2021, 4, e210321.
[CrossRef] [PubMed]

7. Cuffe, S.P.; Moore, C.G.; McKeown, R.E. Prevalence and correlates of ADHD symptoms in the national health interview survey. J.
Atten. Disord. 2005, 9, 392–401. [CrossRef]

8. Xu, G.; Strathearn, L.; Liu, B.; Yang, B.; Bao, W. Twenty-Year Trends in Diagnosed Attention-Deficit/Hyperactivity Disorder
Among US Children and Adolescents, 1997–2016. JAMA Netw. Open 2018, 1, e181471. [CrossRef]

9. Centers for Disease Control and Prevention (CDC). Increasing prevalence of parent-reported attention-deficit/hyperactivity
disorder among children—United States, 2003 and 2007. MMWR Morb. Mortal. Wkly. Rep. 2010, 59, 1439–1443.

10. Collins, K.P.; Cleary, S.D. Racial and Ethnic Disparities in Parent-Reported Diagnosis of ADHD: National Survey of Children’s
Health (2003, 2007, and 2011). J. Clin. Psychiatry 2015, 77, 52–59. [CrossRef]

https://doi.org/10.1016/S0140-6736(08)60136-1
https://doi.org/10.1542/peds.2017-3410
https://doi.org/10.1542/peds.2017-3091
https://www.ncbi.nlm.nih.gov/pubmed/29666163
https://doi.org/10.1056/NEJMcp1307215
https://doi.org/10.1001/jamanetworkopen.2021.0321
https://www.ncbi.nlm.nih.gov/pubmed/33646315
https://doi.org/10.1177/1087054705280413
https://doi.org/10.1001/jamanetworkopen.2018.1471
https://doi.org/10.4088/JCP.14m09364


Children 2023, 10, 1637 10 of 13

11. Bui, A.L.; Dieleman, J.L.; Hamavid, H.; Birger, M.; Chapin, A.; Duber, H.C.; Horst, C.; Reynolds, A.; Squires, E.; Chung, P.J.; et al.
Spending on Children’s Personal Health Care in the United States, 1996-2013. JAMA Pediatr. 2017, 171, 181–189. [CrossRef]

12. Guo, L.; Danielson, M.; Cogan, L.; Hines, L.; Armour, B. Treatment Patterns and Costs Among Children Aged 2 to 17 Years With
ADHD in New York State Medicaid in 2013. J. Atten. Disord. 2021, 25, 463–472. [CrossRef]

13. Thapar, A.; Cooper, M. Attention deficit hyperactivity disorder. Lancet Lond. Engl. 2016, 387, 1240–1250. [CrossRef]
14. Johnson, M.; Johnels, J.; Östlund, S.; Cedergren, K.; Omanovic, Z.; Hjalmarsson, K.; Jakobsson, K.; Högstedt, J.; Billstedt, E.

Long-term medication for ADHD and development of cognitive functions in children and adolescents. J. Psychiatr. Res. 2021, 142,
204–209. [CrossRef]

15. Timimi, S.; Taylor, E. ADHD is best understood as a cultural construct. Br. J. Psychiatry J. Ment. Sci. 2004, 184, 8–9. [CrossRef]
[PubMed]

16. Widding-Havneraas, T.; Markussen, S.; Elwert, F.; Lyhmann, I.; Bjelland, I.; Halmøy, A.; Chaulagain, A.; Ystrom, E.; Mykletun, A.;
Zachrisson, H.D. Geographical variation in ADHD: Do diagnoses reflect symptom levels? Eur. Child Adolesc. Psychiatry 2022, 32,
1795–1803. [CrossRef] [PubMed]

17. Layton, T.J.; Barnett, M.L.; Jena, A.B. Attention Deficit–Hyperactivity Disorder and Month of School Enrollment. N. Engl. J. Med.
2019, 380, 692–693. [CrossRef] [PubMed]

18. Ask, H.; Gustavson, K.; Ystrom, E.; Havdahl, K.A.; Tesli, M.; Askeland, R.B.; Reichborn-Kjennerud, T. Association of Gestational
Age at Birth With Symptoms of Attention-Deficit/Hyperactivity Disorder in Children. JAMA Pediatr. 2018, 172, 749–756.
[CrossRef] [PubMed]

19. Beer, R.J.; Cnattingius, S.; Susser, E.S.; Villamor, E. Associations of preterm birth, small-for-gestational age, preeclampsia and
placental abruption with attention-deficit/hyperactivity disorder in the offspring: Nationwide cohort and sibling-controlled
studies. Acta Paediatr. Oslo Nor. 2022, 111, 1546–1555. [CrossRef]

20. Johnson, S.; Marlow, N. Preterm birth and childhood psychiatric disorders. Pediatr. Res. 2011, 69, 11–18. [CrossRef]
21. Robinson, R.; Girchenko, P.; Pulakka, A.; Heinonen, K.; Lähdepuro, A.; Lahti-Pulkkinen, M.; Hovi, P.; Tikanmäki, M.; Bartmann,

P.; Lano, A.; et al. ADHD symptoms and diagnosis in adult preterms: Systematic review, IPD meta-analysis, and register-linkage
study. Pediatr. Res. 2022, 93, 1399–1409. [CrossRef] [PubMed]

22. Sucksdorff, M.; Lehtonen, L.; Chudal, R.; Suominen, A.; Joelsson, P.; Gissler, M.; Sourander, A. Preterm Birth and Poor Fetal
Growth as Risk Factors of Attention-Deficit/Hyperactivity Disorder. Pediatrics 2015, 136, e599–e608. [CrossRef]

23. Montagna, A.; Karolis, V.; Batalle, D.; Counsell, S.; Rutherford, M.; Arulkumaran, S.; Happe, F.; Edwards, D.; Nosarti, C. ADHD
symptoms and their neurodevelopmental correlates in children born very preterm. PLoS ONE 2020, 15, e0224343. [CrossRef]
[PubMed]

24. Cochran, D.M.; Jensen, E.T.; Frazier, J.A.; Jalnapurkar, I.; Kim, S.; Roell, K.R.; Joseph, R.M.; Hooper, S.R.; Santos, H.P.; Kuban,
K.C.K.; et al. Association of prenatal modifiable risk factors with attention-deficit hyperactivity disorder outcomes at age 10 and
15 in an extremely low gestational age cohort. Front. Hum. Neurosci. 2022, 16, 911098. [CrossRef] [PubMed]

25. Committee on Fetus and Newborn Hospital Discharge of the High-Risk Neonate. Pediatrics 2008, 122, 1119–1126. [CrossRef]
[PubMed]

26. Follow-up Care of High-Risk Infants. Pediatrics 2004, 114, 1377–1397. [CrossRef]
27. Statute and Regulations. The Individuals with Disabilities Education Act (IDEA). Available online: https://sites.ed.gov/idea/

statuteregulations/ (accessed on 16 July 2023).
28. Loe, I.M.; Feldman, H.M. Academic and educational outcomes of children with ADHD. J. Pediatr. Psychol. 2007, 32, 643–654.

[CrossRef]
29. Klassen, A.F.; Miller, A.; Fine, S. Health-related quality of life in children and adolescents who have a diagnosis of attention-

deficit/hyperactivity disorder. Pediatrics 2004, 114, e541–e547. [CrossRef]
30. Nasol, E.; Lindly, O.J.; Chavez, A.E.; Zuckerman, K.E. Unmet Need and Financial Impact Disparities for US Children with ADHD.

Acad. Pediatr. 2019, 19, 315–324. [CrossRef]
31. Glasofer, A.; Dingley, C. Diagnostic and Medication Treatment Disparities in African American Children with ADHD: A Literature

Review. J. Racial Ethn. Heal. Disparities 2021, 9, 2027–2048. [CrossRef]
32. Kuriyan, A.B.; Pelham, W.E.; Molina, B.S.G.; Waschbusch, D.A.; Gnagy, E.M.; Sibley, M.H.; Babinski, D.E.; Walther, C.; Cheong, J.;

Yu, J.; et al. Young adult educational and vocational outcomes of children diagnosed with ADHD. J. Abnorm. Child Psychol. 2012,
41, 27–41. [CrossRef]

33. Altszuler, A.R.; Page, T.F.; Gnagy, E.M.; Coxe, S.; Arrieta, A.; Molina, B.S.G.; Pelham, W.E. Financial Dependence of Young Adults
with Childhood ADHD. J. Abnorm. Child Psychol. 2016, 44, 1217–1229. [CrossRef]

34. Mohr-Jensen, C.; Steinhausen, H.-C. A meta-analysis and systematic review of the risks associated with childhood attention-deficit
hyperactivity disorder on long-term outcome of arrests, convictions, and incarcerations. Clin. Psychol. Rev. 2016, 48, 32–42.
[CrossRef]

35. Zhao, X.; Page, T.F.; Altszuler, A.R.; Pelham, W.E.; Kipp, H.; Gnagy, E.M.; Coxe, S.; Schatz, N.K.; Merrill, B.M.; Macphee, F.L.
Family Burden of Raising a Child with ADHD. J. Abnorm. Child Psychol. 2019, 47, 1327–1338. [CrossRef]

36. Matza, L.S.; Paramore, C.; Prasad, M. A review of the economic burden of ADHD. Cost Eff. Resour. Alloc. 2005, 3, 5. [CrossRef]
[PubMed]

https://doi.org/10.1001/jamapediatrics.2016.4086
https://doi.org/10.1177/1087054718816176
https://doi.org/10.1016/S0140-6736(15)00238-X
https://doi.org/10.1016/j.jpsychires.2021.07.055
https://doi.org/10.1192/bjp.184.1.8
https://www.ncbi.nlm.nih.gov/pubmed/14702221
https://doi.org/10.1007/s00787-022-01996-7
https://www.ncbi.nlm.nih.gov/pubmed/35585272
https://doi.org/10.1056/NEJMoa1806828
https://www.ncbi.nlm.nih.gov/pubmed/30485780
https://doi.org/10.1001/jamapediatrics.2018.1315
https://www.ncbi.nlm.nih.gov/pubmed/29946656
https://doi.org/10.1111/apa.16375
https://doi.org/10.1203/PDR.0b013e318212faa0
https://doi.org/10.1038/s41390-021-01929-1
https://www.ncbi.nlm.nih.gov/pubmed/34997222
https://doi.org/10.1542/peds.2015-1043
https://doi.org/10.1371/journal.pone.0224343
https://www.ncbi.nlm.nih.gov/pubmed/32126073
https://doi.org/10.3389/fnhum.2022.911098
https://www.ncbi.nlm.nih.gov/pubmed/36337853
https://doi.org/10.1542/peds.2008-2174
https://www.ncbi.nlm.nih.gov/pubmed/18977994
https://doi.org/10.1542/peds.2004-0866
https://sites.ed.gov/idea/statuteregulations/
https://sites.ed.gov/idea/statuteregulations/
https://doi.org/10.1093/jpepsy/jsl054
https://doi.org/10.1542/peds.2004-0844
https://doi.org/10.1016/j.acap.2018.09.001
https://doi.org/10.1007/s40615-021-01142-0
https://doi.org/10.1007/s10802-012-9658-z
https://doi.org/10.1007/s10802-015-0093-9
https://doi.org/10.1016/j.cpr.2016.05.002
https://doi.org/10.1007/s10802-019-00518-5
https://doi.org/10.1186/1478-7547-3-5
https://www.ncbi.nlm.nih.gov/pubmed/15946385


Children 2023, 10, 1637 11 of 13

37. Faraone, S.V.; Biederman, J.; Mick, E. The age-dependent decline of attention deficit hyperactivity disorder: A meta-analysis of
follow-up studies. Psychol. Med. 2006, 36, 159–165. [CrossRef] [PubMed]

38. Ebejer, J.L.; Medland, S.E.; van der Werf, J.; Gondro, C.; Henders, A.K.; Lynskey, M.; Martin, N.G.; Duffy, D.L. Attention deficit
hyperactivity disorder in australian adults: Prevalence, persistence, conduct problems and disadvantage. PLoS ONE 2012,
7, e47404. [CrossRef] [PubMed]

39. Institute of Medicine (US) Committee on Understanding Premature Birth and Assuring Healthy Outcomes. Preterm Birth: Causes,
Consequences, and Prevention; National Academies Press: Washington, DC, USA, 2007. Available online: http://www.ncbi.nlm.nih.
gov/books/NBK11362/ (accessed on 26 August 2023).

40. Boyd, R.W.; Lindo, E.G.; Weeks, L.D.; McLemore, M.R. On Racism: A new standard for publishing on racial health inequities.
Health Aff. Forefr. 2020. [CrossRef]

41. Jones, C.P. Levels of racism: A theoretic framework and a gardener’s tale. Am. J. Public Health 2000, 90, 1212–1215. [CrossRef]
42. Williams, D.R.; Lawrence, J.A.; Davis, B.A. Racism and Health: Evidence and Needed Research. Annu. Rev. Public Health 2019, 40,

105–125. [CrossRef] [PubMed]
43. Krieger, N. A glossary for social epidemiology. J. Epidemiol. Community Health 2001, 55, 693–700. [CrossRef]
44. Bailey, Z.D.; Krieger, N.; Agénor, M.; Graves, J.; Linos, N.; Bassett, M.T. Structural racism and health inequities in the USA:

Evidence and interventions. Lancet 2017, 389, 1453–1463. [CrossRef] [PubMed]
45. Schaaf, J.M.; Liem, S.M.; Mol, B.W.J.; Abu-Hanna, A.; Ravelli, A.C. Ethnic and racial disparities in the risk of preterm birth: A

systematic review and meta-analysis. Am. J. Perinatol. 2013, 30, 433–450. [CrossRef] [PubMed]
46. Matoba, N.; Collins, J.W. Racial disparity in infant mortality. Semin. Perinatol. 2017, 41, 354–359. [CrossRef] [PubMed]
47. Collins, J.W.; Wu, S.-Y.; David, R.J. Differing Intergenerational Birth Weights among the descendants of US-born and foreign-born

Whites and African Americans in Illinois. Am. J. Epidemiology 2002, 155, 210–216. [CrossRef]
48. David, R.J.; Collins, J.W. Differing birth weight among infants of U.S.-born blacks, African-born blacks, and U.S.-born whites. N.

Engl. J. Med. 1997, 337, 1209–1214. [CrossRef] [PubMed]
49. Alexander, G.R.; Wingate, M.S.; Bader, D.; Kogan, M.D. The increasing racial disparity in infant mortality rates: Composition and

contributors to recent US trends. Am. J. Obstet. Gynecol. 2008, 198, 51.e1. [CrossRef] [PubMed]
50. Carmichael, S.L.; Iyasu, S. Changes in the black-white infant mortality gap from 1983 to 1991 in the United States. Am. J. Prev.

Med. 1998, 15, 220–227. [CrossRef] [PubMed]
51. Centers for Disease Control and Prevention (CDC). Infant mortality and low birth weight among black and white in-fants–United

States, 1980–2000. MMWR Morb. Mortal. Wkly. Rep. 2002, 51, 589–592. Available online: http://www.ncbi.nlm.nih.gov/pubmed/
12139201 (accessed on 30 December 2019).

52. Profit, J.; Gould, J.B.; Bennett, M.; Goldstein, B.A.; Draper, D.; Phibbs, C.S.; Lee, H.C. Racial/Ethnic Disparity in NICU Quality of
Care Delivery. Pediatrics 2017, 140, e20170918. [CrossRef]

53. Sigurdson, K.; Mitchell, B.B.; Liu, J.; Morton, C.; Gould, J.B.; Lee, H.C.; Capdarest-Arest, N.; Profit, J. Racial/Ethnic Disparities in
Neonatal Intensive Care: A Systematic Review. Pediatrics 2019, 144, e20183114. [CrossRef]

54. Travers, C.P.; Carlo, W.A.; McDonald, S.A.; Das, A.; Ambalavanan, N.; Bell, E.F.; Sánchez, P.J.; Stoll, B.J.; Wyckoff, M.H.; Laptook,
A.R.; et al. Racial/Ethnic Disparities Among Extremely Preterm Infants in the United States From 2002 to 2016. JAMA Netw. Open
2020, 3, e206757. [CrossRef]

55. Edwards, E.M.; Greenberg, L.T.; Profit, J.; Draper, D.; Helkey, D.; Horbar, J.D. Quality of Care in US NICUs by Race and Ethnicity.
Pediatrics 2021, 148, e2020037622. [CrossRef] [PubMed]

56. Boghossian, N.S.; Geraci, M.; Lorch, S.A.; Phibbs, C.S.; Edwards, E.M.; Horbar, J.D. Racial and Ethnic Differences Over Time in
Outcomes of Infants Born Less Than 30 Weeks’ Gestation. Pediatrics 2019, 144, e20191106. [CrossRef] [PubMed]

57. Purisch, S.E.; Gyamfi-Bannerman, C. Epidemiology of preterm birth. Semin. Perinatol. 2017, 41, 387–391. [CrossRef] [PubMed]
58. Stephens, B.E.; Vohr, B.R. Neurodevelopmental Outcome of the Premature Infant. Pediatr. Clin. North Am. 2009, 56, 631–646.

[CrossRef] [PubMed]
59. Murosko, D.; Passerella, M.; Lorch, S. Racial Segregation and Intraventricular Hemorrhage in Preterm Infants. Pediatrics 2020,

145, e20191508. [CrossRef]
60. Mitha, A.; Foix-L’hélias, L.; Arnaud, C.; Marret, S.; Vieux, R.; Aujard, Y.; Thiriez, G.; Larroque, B.; Cambonie, G.; Burguet, A.; et al.

Neonatal Infection and 5-year Neurodevelopmental Outcome of Very Preterm Infants. Pediatrics 2013, 132, e372–e380. [CrossRef]
61. Carlo, W.A.; McDonald, S.A.; Fanaroff, A.A.; Vohr, B.R.; Stoll, B.J.; Ehrenkranz, R.A.; Andrews, W.W.; Wallace, D.; Das, A.; Bell,

E.F.; et al. Association of antenatal corticosteroids with mortality and neurodevelopmental outcomes among infants born at 22 to
25 weeks’ gestation. JAMA J. Am. Med. Assoc 2011, 306, 2348–2358. [CrossRef]

62. Horbar, J.D.; Edwards, E.M.; Ogbolu, Y. Our Responsibility to Follow Through for NICU Infants and Their Families. Pediatrics
2020, 146. [CrossRef]

63. Fraiman, Y.S.; Barrero-Castillero, A.; Litt, J.S. Implications of racial/ethnic perinatal health inequities on long-term neurodevelop-
mental outcomes and health services utilization. Semin. Perinatol. 2022, 46, 151660. [CrossRef]

64. Hintz, S.R.; Gould, J.B.; Bennett, M.V.; Lu, T.; Gray, E.E.; Jocson, M.A.; Fuller, M.G.; Lee, H.C. Factors Associated with Successful
First High-Risk Infant Clinic Visit for Very Low Birth Weight Infants in California. J. Pediatr. 2019, 210, 91–98.e1. [CrossRef]
[PubMed]

https://doi.org/10.1017/S003329170500471X
https://www.ncbi.nlm.nih.gov/pubmed/16420712
https://doi.org/10.1371/journal.pone.0047404
https://www.ncbi.nlm.nih.gov/pubmed/23071800
http://www.ncbi.nlm.nih.gov/books/NBK11362/
http://www.ncbi.nlm.nih.gov/books/NBK11362/
https://doi.org/10.1377/forefront.20200630.939347
https://doi.org/10.2105/ajph.90.8.1212
https://doi.org/10.1146/annurev-publhealth-040218-043750
https://www.ncbi.nlm.nih.gov/pubmed/30601726
https://doi.org/10.1136/jech.55.10.693
https://doi.org/10.1016/S0140-6736(17)30569-X
https://www.ncbi.nlm.nih.gov/pubmed/28402827
https://doi.org/10.1055/s-0032-1326988
https://www.ncbi.nlm.nih.gov/pubmed/23059494
https://doi.org/10.1053/j.semperi.2017.07.003
https://www.ncbi.nlm.nih.gov/pubmed/28864275
https://doi.org/10.1093/aje/155.3.210
https://doi.org/10.1056/NEJM199710233371706
https://www.ncbi.nlm.nih.gov/pubmed/9337381
https://doi.org/10.1016/j.ajog.2007.06.006
https://www.ncbi.nlm.nih.gov/pubmed/17870043
https://doi.org/10.1016/S0749-3797(98)00052-X
https://www.ncbi.nlm.nih.gov/pubmed/9791640
http://www.ncbi.nlm.nih.gov/pubmed/12139201
http://www.ncbi.nlm.nih.gov/pubmed/12139201
https://doi.org/10.1542/peds.2017-0918
https://doi.org/10.1542/peds.2018-3114
https://doi.org/10.1001/jamanetworkopen.2020.6757
https://doi.org/10.1542/peds.2020-037622
https://www.ncbi.nlm.nih.gov/pubmed/34301773
https://doi.org/10.1542/peds.2019-1106
https://www.ncbi.nlm.nih.gov/pubmed/31405887
https://doi.org/10.1053/j.semperi.2017.07.009
https://www.ncbi.nlm.nih.gov/pubmed/28865982
https://doi.org/10.1016/j.pcl.2009.03.005
https://www.ncbi.nlm.nih.gov/pubmed/19501696
https://doi.org/10.1542/peds.2019-1508
https://doi.org/10.1542/peds.2012-3979
https://doi.org/10.1001/jama.2011.1752
https://doi.org/10.1542/peds.2020-0360
https://doi.org/10.1016/j.semperi.2022.151660
https://doi.org/10.1016/j.jpeds.2019.03.007
https://www.ncbi.nlm.nih.gov/pubmed/30967249


Children 2023, 10, 1637 12 of 13

65. Swearingen, C.; Simpson, P.; Cabacungan, E.; Cohen, S. Social disparities negatively impact neonatal follow-up clinic attendance
of premature infants discharged from the neonatal intensive care unit. J. Perinatol. 2020, 40, 790–797. [CrossRef]

66. Feinberg, E.S.; Silverstein, M.; Donahue, S.; Bliss, R. The Impact of race on participation in part C early intervention services. J.
Dev. Behav. Pediatr. JDBP 2011, 32, 284–291. [CrossRef]

67. Romo, M.L.; McVeigh, K.H.; Jordan, P.; Stingone, J.A.; Chan, P.Y.; Askew, G.L. Birth characteristics of children who used early
intervention and special education services in New York City. J. Public Health Oxf. Engl. 2020, 42, e401–e411. [CrossRef] [PubMed]

68. Clements, K.M.; Barfield, W.D.; Kotelchuck, M.; Lee, K.G.; Wilber, N. Birth characteristics associated with early intervention
referral, evaluation for eligibility, and program eligibility in the first year of life. Matern. Child Health J. 2006, 10, 433–441.
[CrossRef]

69. Khetani, M.A.S.; Richardson, Z.M.; McManus, B.M.P. Social Disparities in Early Intervention Service Use and Provider-Reported
Outcomes. J. Dev. Behav. Pediatr. 2017, 38, 501–509. [CrossRef] [PubMed]

70. Fraiman, Y.S.; Stewart, J.E.; Litt, J.S. Race, language, and neighborhood predict high-risk preterm Infant Follow Up Program
participation. J. Perinatol. 2021, 42, 217–222. [CrossRef] [PubMed]

71. Fraiman, Y.S.; Edwards, E.M.; Horbar, J.D.; Mercier, C.E.; Soll, R.F.; Litt, J.S. Racial Inequity in High-Risk Infant Follow-Up Among
Extremely Low Birth Weight Infants. Pediatrics 2023, 151, e2022057865. [CrossRef]

72. Callanan, C.; Doyle, L.; Rickards, A.; Kelly, E.; Ford, G.; Davis, N. Children followed with difficulty: How do they differ? J.
Paediatr. Child Health 2001, 37, 152–156. [CrossRef]

73. Tin, W.; Fritz, S.; Wariyar, U.; Hey, E. Outcome of very preterm birth: Children reviewed with ease at 2 years differ from those
followed up with difficulty. Arch. Dis. Child. Fetal Neonatal Ed. 1998, 79, F83–F87. [CrossRef]

74. Litt, J.S.; Glymour, M.M.; Hauser-Cram, P.; Hehir, T.; McCormick, M.C. Early Intervention Services Improve School-age Functional
Outcome Among Neonatal Intensive Care Unit Graduates. Acad. Pediatr. 2018, 18, 468–474. [CrossRef]

75. McCormick, M.C.; Brooks-Gunn, J.; Buka, S.L.; Goldman, J.; Yu, J.; Salganik, M.; Scott, D.T.; Bennett, F.C.; Kay, L.L.; Bernbaum,
J.C.; et al. Early Intervention in Low Birth Weight Premature Infants: Results at 18 Years of Age for the Infant Health and
Development Program. Pediatrics 2006, 117, 771–780. [CrossRef]

76. Berlin, L.J.; Brooks-Gunn, J.; McCarton, C.; McCormick, M.C. The effectiveness of early intervention: Examining risk factors and
pathways to enhanced development. Prev. Med. 1998, 27, 238–245. [CrossRef]

77. Eiraldi, R.B.; Mazzuca, L.B.; Clarke, A.T.; Power, T.J. Service utilization among ethnic minority children with ADHD: A model of
help-seeking behavior. Adm. Policy Ment. Health 2006, 33, 607–622. [CrossRef] [PubMed]

78. Hall, C.L.; Guo, B.; Valentine, A.Z.; Groom, M.J.; Daley, D.; Sayal, K.; Hollis, C. The validity of the Strengths and Difficulties
Questionnaire (SDQ) for children with ADHD symptoms. PLoS ONE 2019, 14, e0218518. [CrossRef]

79. Coker, T.R.; Elliott, M.N.; Toomey, S.L.; Schwebel, D.C.; Cuccaro, P.; Emery, S.T.; Davies, S.L.; Visser, S.N.; Schuster, M.A. Racial
and Ethnic Disparities in ADHD Diagnosis and Treatment. Pediatrics 2016, 138, e20160407. [CrossRef] [PubMed]

80. Kang, S.; Harvey, E.A. Racial Differences Between Black Parents’ and White Teachers’ Perceptions of Attention-Deficit/Hyperactivity
Disorder Behavior. J. Abnorm. Child Psychol. 2020, 48, 661–672. [CrossRef]

81. Morgan, P.L.; Hillemeier, M.M.; Farkas, G.; Maczuga, S. Racial/ethnic disparities in ADHD diagnosis by kindergarten entry. J.
Child Psychol. Psychiatry 2014, 55, 905–913. [CrossRef] [PubMed]

82. Pastor, P.N.; Reuben, C.A. Racial and ethnic differences in ADHD and LD in young school-age children: Parental reports in the
national health interview survey. Public Health Rep. 2005, 120, 383–392. Available online: https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC1497740/ (accessed on 15 June 2023). [CrossRef] [PubMed]

83. Morgan, P.L.; Staff, J.; Hillemeier, M.M.; Farkas, G.; Maczuga, S. Racial and ethnic disparities in ADHD diagnosis from
kindergarten to eighth grade. Pediatrics 2013, 132, 85–93. [CrossRef]

84. Who Receives a Diagnosis of Attention-Deficit/Hyperactivity Disorder in the United States Elementary School Population?
Available online: https://pubmed.ncbi.nlm.nih.gov/16585277/ (accessed on 26 June 2023).

85. Chung, W.; Jiang, S.-F.; Paksarian, D.; Nikolaidis, A.; Castellanos, F.X.; Merikangas, K.R.; Milham, M.P. Trends in the Prevalence
and Incidence of Attention-Deficit/Hyperactivity Disorder Among Adults and Children of Different Racial and Ethnic Groups.
JAMA Netw. Open 2019, 2, e1914344. [CrossRef] [PubMed]

86. Danielson, M.L.; Bitsko, R.H.; Ghandour, R.M.; Holbrook, J.R.; Kogan, M.D.; Blumberg, S.J. Prevalence of Parent-Reported ADHD
Diagnosis and Associated Treatment Among U.S. Children and Adolescents, 2016. J. Clin. Child Adolesc. Psychol. 2018, 47, 199–212.
[CrossRef] [PubMed]

87. Hillemeier, M.M.; Foster, E.M.; Heinrichs, B.; Heier, B.; Conduct Problems Prevention Research Group. Racial differences in
parental reports of attention-deficit/hyperactivity disorder behaviors. J. Dev. Behav. Pediatr. JDBP 2007, 28, 353–361. [CrossRef]
[PubMed]

88. Bax, A.C.; Bard, D.E.; Cuffe, S.P.; McKeown, R.E.; Wolraich, M.L. The Association Between Race/Ethnicity and Socioeconomic
Factors and the Diagnosis and Treatment of Children with Attention-Deficit Hyperactivity Disorder. J. Dev. Behav. Pediatr. 2019,
40, 81–91. [CrossRef] [PubMed]

89. Walls, M.; Allen, C.G.; Cabral, H.; Kazis, L.E.; Bair-Merritt, M. Receipt of Medication and Behavioral Therapy Among a National
Sample of School-Age Children Diagnosed with Attention-Deficit/Hyperactivity Disorder. Acad. Pediatr. 2018, 18, 256–265.
[CrossRef]

https://doi.org/10.1038/s41372-020-0659-4
https://doi.org/10.1097/DBP.0b013e3182142fbd
https://doi.org/10.1093/pubmed/fdz179
https://www.ncbi.nlm.nih.gov/pubmed/31884516
https://doi.org/10.1007/s10995-006-0080-4
https://doi.org/10.1097/DBP.0000000000000474
https://www.ncbi.nlm.nih.gov/pubmed/28723828
https://doi.org/10.1038/s41372-021-01188-2
https://www.ncbi.nlm.nih.gov/pubmed/34404926
https://doi.org/10.1542/peds.2022-057865
https://doi.org/10.1046/j.1440-1754.2001.00621.x
https://doi.org/10.1136/fn.79.2.F83
https://doi.org/10.1016/j.acap.2017.07.011
https://doi.org/10.1542/peds.2005-1316
https://doi.org/10.1006/pmed.1998.0282
https://doi.org/10.1007/s10488-006-0063-1
https://www.ncbi.nlm.nih.gov/pubmed/16862391
https://doi.org/10.1371/journal.pone.0218518
https://doi.org/10.1542/peds.2016-0407
https://www.ncbi.nlm.nih.gov/pubmed/27553219
https://doi.org/10.1007/s10802-019-00600-y
https://doi.org/10.1111/jcpp.12204
https://www.ncbi.nlm.nih.gov/pubmed/24456307
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1497740/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1497740/
https://doi.org/10.1177/003335490512000405
https://www.ncbi.nlm.nih.gov/pubmed/16025718
https://doi.org/10.1542/peds.2012-2390
https://pubmed.ncbi.nlm.nih.gov/16585277/
https://doi.org/10.1001/jamanetworkopen.2019.14344
https://www.ncbi.nlm.nih.gov/pubmed/31675080
https://doi.org/10.1080/15374416.2017.1417860
https://www.ncbi.nlm.nih.gov/pubmed/29363986
https://doi.org/10.1097/DBP.0b013e31811ff8b8
https://www.ncbi.nlm.nih.gov/pubmed/18049317
https://doi.org/10.1097/DBP.0000000000000626
https://www.ncbi.nlm.nih.gov/pubmed/30407938
https://doi.org/10.1016/j.acap.2017.10.003


Children 2023, 10, 1637 13 of 13

90. Fadus, M.C.; Ginsburg, K.R.; Sobowale, K.; Halliday-Boykins, C.A.; Bryant, B.E.; Gray, K.M.; Squeglia, L.M. Unconscious Bias and
the Diagnosis of Disruptive Behavior Disorders and ADHD in African American and Hispanic Youth. Acad. Psychiatry 2020, 44,
95–102. [CrossRef]

91. van Ryn, M.; Burgess, D.J.; Dovidio, J.F.; Phelan, S.M.; Saha, S.; Malat, J.; Griffin, J.M.; Fu, S.S.; Perry, S. The impact of racism on
clinician cognition, behavior, and clinical decision making. Bois Rev. Soc. Sci. Res. Race 2011, 8, 199–218. [CrossRef]

92. Hall, W.J.; Chapman, M.V.; Lee, K.M.; Merino, Y.M.; Thomas, T.W.; Payne, B.K.; Eng, E.; Day, S.H.; Coyne-Beasley, T. Implicit
Racial/Ethnic Bias Among Health Care Professionals and Its Influence on Health Care Outcomes: A Systematic Review. Am. J.
Public Heal. 2015, 105, e60–e76. [CrossRef]

93. Johnson, T.J.; Ellison, A.M.; Dalembert, G.; Fowler, J.; Dhingra, M.; Shaw, K.; Ibrahim, S. Implicit Bias in Pediatric Academic
Medicine. J. Natl. Med Assoc. 2017, 109, 156–163. [CrossRef]

94. Moreno, M.A. School Readiness. Pediatrics 2013, 167, 784. [CrossRef]
95. Campbell, F.; Conti, G.; Heckman, J.J.; Moon, S.H.; Pinto, R.; Pungello, E.; Pan, Y. Early Childhood Investments Substantially Boost

Adult Health. Science 2014, 343, 1478–1485. Available online: https://science.sciencemag.org/ (accessed on 14 November 2018).
[CrossRef] [PubMed]

96. Heckman, J.J.; Moon, S.H.; Pinto, R.; Savelyev, P.A.; Yavitz, A. The rate of return to the HighScope Perry Preschool Program. J.
Public Econ. 2010, 94, 114–128. [CrossRef]

97. Williams, P.G.; Lerner, M.A.; Council on Early Childhood; Council on School Health. School Readiness. Pediatrics 2019,
144, e20191766. [CrossRef] [PubMed]

98. Garfield, C.F.; Karbownik, K.; Murthy, K.; Falciglia, G.; Guryan, J.; Figlio, D.N.; Roth, J. Educational Performance of Children
Born Prematurely. JAMA Pediatr. 2017, 171, 764–770. [CrossRef]

99. E Miller, S.; DeBoer, M.D.; Scharf, R.J. Executive functioning in low birth weight children entering kindergarten. J. Perinatol. 2018,
38, 98–103. [CrossRef] [PubMed]

100. Shah, P.E.; Kaciroti, N.; Richards, B.; Lumeng, J.C. Gestational Age and Kindergarten School Readiness in a National Sample of
Preterm Infants. J. Pediatr. 2016, 178, 61–67. [CrossRef]

101. Patrianakos-Hoobler, A.I.; Msall, M.E.; Marks, J.D.; Huo, D.; Schreiber, M.D. Risk Factors Affecting School Readiness in Premature
Infants with Respiratory Distress Syndrome. Pediatrics 2009, 124, 258–267. [CrossRef]

102. Dupaul, G.J.; Mcgoey, K.E.; Eckert, T.L.; Vanbrakle, J. Preschool Children with Attention-Deficit/Hyperactivity Disorder:
Impairments in Behavioral, Social, and School Functioning. J. Am. Acad. Child Adolesc. Psychiatry 2001, 40, 508–515. [CrossRef]

103. Perrin, H.T.; Heller, N.A.; Loe, I.M. School Readiness in Preschoolers with Symptoms of Attention-Deficit/Hyperactivity Disorder.
Pediatrics 2019, 144, e20190038. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1007/s40596-019-01127-6
https://doi.org/10.1017/S1742058X11000191
https://doi.org/10.2105/AJPH.2015.302903
https://doi.org/10.1016/j.jnma.2017.03.003
https://doi.org/10.1001/jamapediatrics.2013.2959
https://science.sciencemag.org/
https://doi.org/10.1126/science.1248429
https://www.ncbi.nlm.nih.gov/pubmed/24675955
https://doi.org/10.1016/j.jpubeco.2009.11.001
https://doi.org/10.1542/peds.2019-1766
https://www.ncbi.nlm.nih.gov/pubmed/31331984
https://doi.org/10.1001/jamapediatrics.2017.1020
https://doi.org/10.1038/jp.2017.147
https://www.ncbi.nlm.nih.gov/pubmed/29048410
https://doi.org/10.1016/j.jpeds.2016.06.062
https://doi.org/10.1542/peds.2008-1771
https://doi.org/10.1097/00004583-200105000-00009
https://doi.org/10.1542/peds.2019-0038

	Introduction 
	Epidemiology of Attention-Deficit/Hyperactivity Disorder (ADHD) 
	Burden of ADHD in Childhood, Adolescence, and Adulthood 
	Layered Inequity in Preterm Birth and along the “ADHD Care Cascade” 
	Neonatal Inequities 
	Inequities in the “ADHD Care Cascade” 
	Symptom Recognition Inequities 
	Diagnostic Inequities 
	Inequities in Treatment 

	Other Considerations: The Impacts of Prematurity and ADHD on School Readiness and Life-Course Implications 
	Discussion 
	References

