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ADHD Remission, Inclusive Special Education,
and Socioeconomic Disparities

Abstract

To understand how institutional environments andagonomic backgrounds may influence
health outcomes, we examined the relationship amspegcial education environments,

socioeconomic status (SES), and likelihood of ADHimission in children. While the majority

of children experience remission by adulthood litkedihood of remission varies across different
SES levels and education environments. We find fimatow SES children the likelihood of

remission is higher in states that have more imduspecial education regimes. In contrast, for
more advantaged children, the odds of remissionaaepend on the level of special education
inclusivity. Our findings suggest that providing raanclusive education can reduce disparities
in behavioral disorders and are particularly imaottfor less advantaged children. In doing so,
this study contributes to the fundamental cause haadth inequality literature by adding to a
growing body of work showing how institutional eromments can affect socioeconomic

gradients in health treatment and outcomes.

ADHD; Remission; Inclusive special education; Secmnomic status; Institutional

environment; Health inequalities
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Three out of four children diagnosed with AttentiDeficit Hyperactivity Disorder will no
longer meet the diagnostic criteria for ADHD by kdood (Agnew-Blais et al., 2016). Evidence
about the importance of family context and econoadwantage on long-term outcomes of
children with ADHD is mixed (Agnew-Blais et al., 26, Faraone et al., 2006). To date, little is
known about how institutional and educational emwinents may influence the likelihood of
ADHD remission. ADHD remission is known to be adated with improved cognitive
functioning such as better attention-vigilance amdr detection (Michelini et al., 2016; Cheung
et al. 2016). Given the long-term consequences @fsigtent ADHD, further research
investigating whether and how socioeconomic adygnéand social context may translate into an

increased likelihood of remission is warranted.

A voluminous literature has documented a link betwesocioeconomic status and health
outcomes. For the vast majority of conditions thexests a negative socioeconomic gradient
such that individuals with fewer economic resour@esmore likely to experience adverse health
outcomes or early mortality (Link and Phelan, 19Bfik et al., 1998). Individuals of higher

socioeconomic status draw upon their relatively atge income, education, and social
connections to access new services and dispropatély benefit from medical advances
(Chang and Lauderdale, 2009; King and Bearman, 201is literature would anticipate that

economically advantaged children should be morelylikhan their less advantaged peers to

experience ADHD remission.

Institutional environments can also profoundly effendividuals’ physical and mental health,

and thus have the ability to exacerbate or attenhaalth inequalities (Freese & Lutfey, 2011).
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Research examining the social determinants of Indels documented the significant role that
prisons, schools, and work environments have otttheatcomes (Cutler and Lleras-Muney,
2006; Moen et al., 2011; Ross and Wu, 1995; Sdaritatnd John, 2007). Schools themselves
have been demonstrated to have an important impaanyriad children’s health outcomes
including: weight and body mass (Martin et al., 20Miller, 2011; Mueller et al., 2010),
substance use (De Clercq et al., 2014; Turner. eR@06), risk behaviors (Pavic Simetin et al.,
2013), stress (Oberle and Schonert-Reichl, 2016ychmsomatic and depressive symptoms
(Elovainio et al., 2011; Walsemann et al., 20143l amotional and behavior problems (Dufur, et

al., 2008; Nielsen et al., 2015; Saab and Klingedq,0).

With respect to ADHD, schools in particular play iamportant role in both the diagnosis and
treatment of ADHD. In the absence of biomarkerblood tests for ADHD, diagnoses are made
based on symptomatic presentation and evaluatigrisdthers and parents. Teachers are often
the first to suggest a diagnosis of ADHD. Beyond tavel of the classroom, scholar have
documented that school accountability policies, alwhiscrutinized schools academic
performance, are associated with an increasedhd@l of ADHD diagnosis and subsequent
medication use (Bohkari and Schneider 2011). WorkKimg and colleagues (2014) found that
economically advantaged children were more likdiant their less advantaged peers to
selectively use ADHD medications in response talagac pressure and school accountability.

Thus, schools may play a key role in explainingataon in ADHD prevalence and remission.

The past decade has seen a dramatic rise in behladisorders diagnosed in childhood.

Prevalence rates of ADHD, autism, and bipolar disohave increased precipitously (Blumberg
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et al., 2013; Hinshaw and Scheffler, 2014; Visgealge 2014). Consistent with the fundamental
cause literature, strong SES gradients exists doh ef these conditions (King and Bearman,
2011; Visser et al., 2014). Our work adds to a gngwbody of literature that highlights the
importance of social context and institutional dtinds for understanding both the steep
increase in prevalence of childhood behavioral rdiss, as well as their socioeconomic
gradients (Hinshaw and Scheffler, 2014). While titesature has expanded our understanding of
how social contexts have contributed to rising plence rates, little research has examined the
role that social and institutional conditions playremission rates. Our study contributes to the
literature by showing that special education cdhegimitigate or exacerbate health inequalities
depending on how institutions execute the provisiomderstanding how institutions may
exacerbate or mitigate health inequalities throddferential remission patterns has important

implications for the literature on health and inality, as well as public policy.

This study examines the association between samo®asic status, educational environments
and ADHD remission. Educational environments praoftiy shape the likelihood of ADHD
remission- but only for less advantaged childreemision rates of socioeconomically
advantaged children do not vary significantly asrepecial education regimes. Creating more
inclusive special education environments appearbet@a key step towards reducing ADHD

disparities.

ADHD Prevalence and Remission

ADHD is defined as a “persistent pattern of inditam and/or hyperactivity-impulsivity that is

more frequently displayed and is more severe tlsamypically observed in individuals at
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comparable level of development” (DSM IV [AmericBsychiatric Association 2000]). ADHD
is the most common psychiatric disorder among o#ildn the United States. Nationally, more
than 11% of school-aged youth have been diagnoséd ADHD (Visser et al., 2014).
Prevalence rates have risen remarkably in receasyéncreasing by more than 40% between
2003 and 2011 alone. There is also considerablgrgpbic variability in how frequently
children are diagnosed with ADHD. The percent dfosd-aged children diagnosed with ADHD
varies from a high of 18.7 percent of children iariucky to a low of 5.6 percent of children in
Nevada (Visser et al.,, 2014). A large body of wbds documented higher rates of ADHD
among lower-SES youth (see Russell et al.,, 2015rdgrew). For instance, data from the
National Center of Health Statistics found that

ADHD prevalence was higher (10.4%) for children s#adamily’s annual income is less than
200% of the federal poverty level than for high&SSchildren whose families were above the
200% threshold (8.8%) (Psychiatric Advisor, 2015yidence of rapidly rising prevalence rates,
geographic variability, and a strong socioeconognadient suggest that social and institutional

factors are important drivers of ADHD diagnosis.

Despite considerable scholarly effort directed talvanderstanding the diagnostic variability,
very little is known about what social and insiibaal conditions are associated with ADHD
remission. To explain rapid changes in the measpreglalence of any health-condition, one
needs to account for not only how patients obthm diagnosis but also how they lose the
diagnosis. This paper aims to suggest that socmeom@ status — an individual-level factor —
and educational environment — an institutional dact- interact to shape remission rates of

children with ADHD. Socioeconomic status has lomgib identified as a fundamental cause of
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health conditions, creating negative gradientsnioist health outcomes (Link & Phelan 1995).
This is not only because lower socioeconomic stgtasps likely have greater exposure to risk
factors but also because they lack access to tegdtoptions. Accordingly, we expect that lower
SES families will have difficulties accessing arebatiating treatment options. When families
lack the resources to secure adequate treatmenthéar children, behavioral interventions

available at school could potentially help mitigdteparities.

Our work highlights the potential role of educaibenvironments in creating ADHD remission
gradients. Many treatment modalities of ADHD requparental engagement. However, the
sociology of education literature has establisheat parental engagement may effective for
children’s educational achievements only when treremts have an adequate -cultural
understanding of classroom expectations (e.g., MtNe. 2001; Calarco, 2014), thereby
producing disadvantages for less advantaged faniliethe case of special education, parents
with lower socioeconomic status are less likelyptoticipate in school activities and to have
expectations that their children will successfgihaduate from high school, which has a positive
impact on children’s academic achievement (Zhara).€2011). Because of these differences in
parental engagement, when families must indiviguakgotiate to obtain the best possible
accommodations for their children, children fronsdeadvantaged families are less likely to
benefit. On the other hand, if special educatigimes are more inclusive and prone to provide
adjustments for children’s individual needs, cleldrfrom lower socioeconomic backgrounds

will benefit.
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Roughly, 80 percent of children diagnosed with ADHID longer meet the full diagnostic
criteria by the end of adolescence (Agnew-Blaialgt2016; Biederman et al., 2012; Faraone et
al., 2006; Kessler et al., 2005). Risk factors esged with ADHD persistence are childhood
symptomatic severity (Agnew-Blais et al., 2016; d&eman et al., 2012; Cheung et al., 2015;
Kessler et al., 2005), psychiatric comorbidity dachily history of mental disorders (Biederman

et al., 2011; Biederman et al., 2012), and 1Q (Agi3ais et al., 2016; Cheung et al., 2015).

Evidence of an association between family socioegova status and remission is mixed.
Cheung and colleagues (2015) found that higherosconomic status is associated with a
decline in ADHD symptoms over time, while otherd diot find such association (Agnew-Blais

JC et al., 2016; Biederman et al., 2011; Biedergtaal., 2012; Kessler et al., 2005).

Treatment of ADHD, however, is of vital importansieace ADHD poses serious academic and
social challenges (Loe & Feldman, 2007; Arnold let 2015). Successfully managing ADHD
symptoms not only contributes to successful schgolbut also may affect employment

outcomes.

Treatment of ADHD among children and adolescents

Treatment of children and adolescents with ADHD d®n broadly classified into medical
treatment and psychosocial interventions (Chronhial.e 2006). Meta-analyses have found that
medication combined with behavioral intervention® @he most successful treatment for
managing ADHD symptoms. Medication is the most camnnmethod of addressing ADHD

symptoms. In 2011, 69 percent of children with ADkIDk at least one prescription medication
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to manage symptoms (Visser et al., 2014). Mostarebeon ADHD treatment has consistently
shown that medication manages ADHD symptoms effelsti(for review, see Swanson et al.,
2011). Stimulants improve academic performanceredse aggression and inappropriate
behavior (Chronis et al.,, 2006) and facilitate abeelationships with peers (Whalen et al.,
1989). These effects of pharmacological treatmérA@HD, however, tend to be short-lived.

Medication only suppresses symptoms of ADHD insi&acliring the underlying disorder. Little

is known about long-term effectiveness of medica{i@hronis et al., 2006; Craig et al., 2015;
Smith et al., 2000), suggesting that pharmacoldd¢ieatment alone may be insufficient to cause

ADHD remission.

There are three major modes of psychosocial tredtnfamily-, peer-, and school-based
interventions. Family-based interventions targeepts as the foci of behavioral treatment and
are designed to train parents to promote accuratieratanding of ADHD symptoms and
treatment as well as to modify parenting behavi@escond, peer-based interventions such as
social skills training and summer treatment prograre designed to help improve the social
functioning of children and adolescents with ADHDh(onis et al., 2006). Finally, school-based
interventions are designed to improve student'Soperance at school. Teachers can use
behavioral modification strategies to cater spesegds of students with ADHD. Specifically,
teachers can help students with ADHD to performdandc tasks better by giving them
additional academic instructions or materials, dtming homework time, modifying
instructions, collaborating with parents as welhasing children with ADHD use goal-setting,
peer tutoring, computer-assisted instruction, atwteyyy training (Chronis et al.,, 2006).

Successful implementation of classroom behavioragament depends on teachers’ willingness

8



10

11

12

13

14

15

16

17

18

19

20

21

22

23

to give additional academic instructions and to lemgent special accommodations and
modifications as well as environmental factors thaable teachers and paraeducators to help

students with special needs.

School-based interventions may help ameliorate >acerbate treatment disparities. Other
treatment modalities are often stratified by socom®mic status. First, pharmacological
treatment trajectories differ for low and high S&8ldren. That is, low SES children are less
likely to adhere to prescribed medications (Browrale, 1987; Firestone, 1982). Second, the
outcomes of behavioral treatment are also strdtifig SES. Low SES children did not show
substantial improvement when receiving a combimatibmedication and behavioral treatment,
whereas high SES children’s symptoms where sigmitly improved when they received
combined treatment, rather than than medicationeal®Rieppi et al. 2002). Such differential
outcomes may patrtially have driven by the levepafental engagement. Note that some, if not
most, of the school-based treatment methods requif@r amount of collaboration between
teachers and parents. However, consistent paticipan parental training has been found to be
more difficult for parents with fewer economic rasmes (Firestone and Witt, 1982). They are
also less likely to engage in school activitiesg@dd et al. 2001). As a restihge effect of family-
based interventions is stratified (McMahon et @&B81). When greater familial advocacy or
participation is necessary for children to recepéimal behavioral interventions in school, less
economically advantaged children may not fully éfénOn the other hand, schools can be an
important arena for less advantaged children teeivec behavioral therapy and have the
opportunity to develop skills. In this paper, wecds on how differences in school-based
treatment processes across states could affecataivhigh SES children differently, thereby,

contributing to SES gradients.
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School-based I nterventions

The Individuals with Disabilities Education Act (HA) governs the provision of all special
education services in the United States (deBettahc®002). IDEA ensures that students with
disabilities are provided with the same educatiar@bortunities as their non-disabled peers.
IDEA requires public schools to offer free servidgesmeet the educational needs of children
with disabilities and provides federal funding ttates. At the heart of the IDEA is the
individualized education program (IEP). For eaclhidckligible for special education services,
public schools are required to develop and impléra@nindividualized education plan in order
to meet her unique special needs. An IEP detagistinrent status of a child including academic
performance and obstacles stemming from her disalait well as a special education plan
including services, special accommodations and fications to be provided, the schedule, and
measurable annual goals and objectives (Drasgoal.,e2001). A child is eligible for special
education services under the IDEA if her IEP teamdd that she has one or more disabilities.
Although ADHD alone does not constitute a distidisibility category, it is listed as a condition

under the “other health impairment.”

One of the important decisions in an IEP develogrisewhere to place the child. The IEP team
determines the educational environment based onhites IEP — i.e. unique educational needs
of the child (34 C.F.R. 300.116(b)(2)). Importantlye federal law, Part B of the IDEA, requires
that schools must pursue full inclusion of childmeith disabilities in regular classroom with
their non-disabled peers by providing appropriatecoemmodations, modifications, and
supplementary aids and services. If such attemptsad work, schools may place children in

separate classrooms while ensuring the childreredueated along with their non-disabled peers

10
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to the maximum extent appropriate. The least &ste environment, along with the IEP, is an
important principle of special education provisiamder the IDEA. Accordingly, the
implementation of an IEP and its least restricterevironment provision is one basis of the

federal funding allocation.

The Least Restrictive Environment, Inclusive Special Education, and Remission from
ADHD

Research suggests that for children with variopggyof disabilities inclusive special education
has positive effects on academic achievement (Haaret Dailey, 1995; Cosier et al., 2013; Rea
et al., 2002; Waldron and McLeskey, 1998), soaiaktioning (Fisher and Meyer, 2002; Fryxell
and Kennedy, 1995; Kennedy et al., 1997; Rea g2@02), affective gains (Banerji and Dailey,
1995), and behavioral outcomes (Rea et al. 200Rer@as children in restrictive environments
are self-contained in special education classrotmase educated in inclusive environments can
generalize principles learned from behavioral vgations to broader, more general academic
and social settings as they interact with peerh wit disabilities (Chronis et al. 2006), resulting

in improved academic achievement, social functionand behavioral outcomes.

The Interpretation of the Least Restrictive Environment, Parental 1nvolvement in Special
Education Provision, and the Geographic Variation in ADHD Gradient

The least restrictive environment guideline is adong principle rather than a specific
requirement. Because the least restrictive enmient is open for interpretation, one would
expect the degree of inclusive placement could vacyoss geographic areas. Empirical

examinations of placement of children with disdla$ found that inclusion varies widely across

11
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states (Danielson and Bellamy, 1989; McLeskey ardrif 1999). Existing, taken-for-granted

practices of educational communities drive placdrdenisions (Kurth and Mastergeorge, 2010).

Parents are another driver of placement decisiBasents of children with disabilities play a
significant role in writing and implementing IEPsdatheir cooperation with teachers is of great
importance in the IDEA provision (Palley, 2004).rétds can influence the special education
provision process in numerous ways: they can teitgan evaluation of their children’s eligibility

under the IDEA, influence the IEP eligibility deiais, negotiate disability labels, and advocate

for more inclusive educational environments foirtiehildren, and so forth.

Although all parents have the right to advocate detter educational environments for their
children, not all parents are able to do so. Fanmgde, Lalvani (2012) found that high SES
parents are more likely to be aware of inclusiveication, successfully negotiate access to
inclusive education, and expend time, effort, asgburces to negotiate the IEP. As a result, the
extent to which special education services meeh#eegls of students with ADHD is stratified by
socioeconomic status such that low SES childreh WibHD are more likely to have unmet

needs than high SES counterparts (Bussing et38)when inclusivity is not the default.

Therefore, we expect that high SES children’s reiois likelihood will be invariant across
educational regimes. This is because, on the ong, iigh SES parents educating their children
in restrictive environments likely negotiate thelnildren’s placement and increase time spent in
regular classrooms. On the other hand, even whein ¢hildren are placed in self-contained

classrooms, high SES parents can seek alternagaértent options outside the school. It is,

12
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however, unlikely that low SES parents negotiate@nent or provide quality care outside the
school. For low SES children, the institutional rornment of special education regime can be

critical.

Data and M ethods

We analyzed data from the National Survey of Chits Health (NSCH). The NSCH is a
telephone survey designed to provide national @atk-specific prevalence estimates for non-
institutionalized children ages 0-17 on physicahodonal, and behavioral health indicators, as
well as indicators of children’s experiences whh tealth care system. Repeated cross-sectional
data were collected in 2003-2004, 2007-2008, arfdlZD12. The total sample sizes in these
respective years were 102,353, 91,642, and 958iff7,approximately 1800 surveys per state

per year.

The outcome of interest is ADHD remission. Ideallse would want to observe a child with
ADHD over time and identify whether and when théddcklrops ADHD symptoms. However,
because NSCH data is cross-sectional, we do n& repeated observations of same children.
Instead, we exploited the survey design of the NSI@FH007-2008 and 2011-2012, the NSCH
included two different questions about ADHD diagiostatus. The first question asks whether
a surveyed child hamver been diagnosed with ADHD. For children who haverbdiagnosed,
the second question asks if they still maintairgdasis at the time of survey. Previous research
has established that parental reports of ADHD dagnare extremely accurate and reliable
measures of physician diagnosis with a sensitoftp4 and a positive predictive power of 98

(Faraone et al 1995). We excluded 2003-2004 suresy analysis because the second question

13
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about the current diagnostic status was not askledfurther restricted our sample to 2007-2008
data because some state-level control variablesrdyeavailable for 2007. Among respondents
of 2007-2008 survey, we limited our analyses tddcbh who have ever been diagnosed with
ADHD and estimated the likelihood of losing diagiso$Ve consider children who report having
ever been—but not currently—diagnosed with ADHDeageriencing remission. Overall, 22
percent of our sample experienced remission. Anibhgear-olds, the remission rate was 70
percent. Prior research has found similar remissida for adolescents. For instance, a recent
study by Agnew-Blais JC and colleagues (2016) foumaghly 75 percent of children with

ADHD lose their diagnosis by adulthood.

Of central interest are the relationship betweeanogzonomic status, educational environment,
and ADHD remission. The NSCH provides socioeconost&@tus (SES) information as a
categorical variable. Eight SES categories wereddfwith respect to the federal poverty line
(FPL): below 100 percent of FPL, above 100 pert¢enat or below 133 percent, above 133
percent to at or below 150 percent, above 150 pertceat or below 185 percent, above 185
percent to at or below 200 percent, above 200 pertceat or below 300 percent, above 300
percent to at or below 400 percent, and above 40€ept of FPL. Out of these eight categories,
we aggregate six middle categories into one grdbpt is, we defined a family as low SES if its
household income falls between 0 to 99 percenh®fRPL, as high socioeconomic status if its
income exceeds 400 percent of the FPL, and as enislitioeconomic status otherwise. We
chose to aggregate the middle groups because t@uesh lies in examining comparing how low
SES children respond to inclusive education andthldretheir reaction differs from high SES

children’s. To ensure that our choice of trichotodoes not affect the results, we ran additional

14
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analysis using eight categories for socioeconomaitis as provided in the NSCH data and found

that the results do not change. We report thetsessing three SES categories for conciseness.

As a potential source of variation in the likelildoof remission, we examine special education
environments. To this end, we further restricted analyses to school-aged children and
adolescents. To measure special education envimnhme used data available in the U.S.
Department of Education’s online data archive (UD@partment of Education, 2010). The
online archive provides information about specidliGation provisions submitted annually by
states to the Department of Education in compliamite Section 618 of the IDEA. To classify
inclusive special education environments, we retiedhe time children with disabilities spent in
regular versus self-contained special educatiossotems. States report the number of children
belonging to each of the following three categorieside regular classroom 80 percent or more
of the day, inside regular classroom 40 percefidtpercent of day, and inside regular classroom
less than 40 percent of day. We included all fétgtes and the District of Columbia in our

analyses.

To collect information on potential state-level tmmders, we relied on several external
sources. First, to measure academic accountapditgies, we borrowed Dee and Jacob’s (2011)
coding of accountability systems. Their coding scbddentifies 30 states that had their own
accountability systems in place prior to the intrctibn of No Child Left Behind (NCLB) in
2002. Second, we account for state-level variaitiobills and resolutions that prohibit teachers
and school personnel from coercive labeling of dreih with mental disorders and

recommending psychiatric treatment including psyapc medication. This information came

15
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from AbleChild’s website. We coded whether eaclespmssed a bill or resolution prior to the
introduction of a federal-level ban in 2004. Foartestates instituted bans before the federal act.
In addition, we included data on the percent of gbpulation in a state with health insurance
from the 2010 census. The number of psychiatrisl @0 which was calculated with data from

the American Medical Association.

Descriptive Analyses

First, we describe ADHD prevalence among childréh wifferent socioeconomic backgrounds.
To do so, we plotted the percent of children whaeweurrently diagnosed with ADHD,
stratified by socioeconomic status. Next, we exa&thiADHD remission rates by socioeconomic
status and special education environment. We cadstdte’s special education environment as
inclusive if children with disabilities spend coderable amount of time in general classrooms
and little time in self-contained, separate classre. Specifically, we measured the proportion
of children spending less than 40 percent of theidaeneral classroom and reverse-coded the
proportion to denote inclusiveness. The DepartnoériEducation provides breakdown of time
spending data by thirteen disability categoriesildzén with ADHD are eligible for special
education service under the “other health impaitheategory. However, we aggregated
information across all the disability categoriehislis because of the high rate of co-morbidities
of ADHD with other disabilities. In fact, two thisdof students in the “other health impairment”
category had ADHD as did almost 60 percent of caildn the emotional disturbance category,
one fifth of students in intellectual disabilitytegory, and four percent of students in the specifi
learning disability category (Schnoes et al., 20B®&cause children with ADHD are likely to

receive care under other categories due to co-ulitigs, we used the overall placement pattern

16
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as an indicator of a given state’s general staneard inclusive special education. We log-

transformed “inclusive special education environthéecause of skewness and mean-centered
to facilitate interpretation. For plotting, we cgbeized states into three groups based on the
extent to which their special education is inclesiVop third states (0.20 <= and <= 1.27) were
coded as the “most inclusive” and the bottom tistates (-0.90 <= and < -0.176) as the “least

inclusive.”

Logistic Regression Models

To examine whether special education environmaetassociated with the likelihood of ADHD
remission, we estimated logistic regressions foostaged children and adolescents. Our aim in
this analysis is to examine whether low and higls $hildren’s remission rates are associated

with special education environments after contnglfior confounders.

The dependent variable, “remission from ADHD,” is iadicator variable that takes one if a
surveyed child, who had been diagnosed with ADH®,longer has ADHD at the point of
survey. Our independent variables of interest lageiriclusiveness of a state’s special education
and child’s SES. To examine whether special edoicanvironments are more or less important
for children from less advantaged backgrounds, natude an interaction between individual

SES and state special education environment.

We included several individual-level covariatesttiage expected to correlate with special
education environment, SES, and remission of afildrith different SES. First, we included

demographic variables such as age, sex, and rammnasl variables in all models. Research has
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been documented that remission rate increasesagéh(Biederman et al., 2000). We included
an indicator variable for sex and a categoricalalde of race because different groups might
have varying levels of access to treatment andradbe to treatment. Female and white were
reference groups. Second, we controlled for inagdygpe because high SES children are more
likely to have insurance with better coverage, Whic turn, increases the odds of remission.
There were three types of insurance in the NSCH: gmivate, public, and not-insured. Privately
insured is the reference category. Third, familpaure was included because of its potential
association with children’s educational outcomeising with two biological parents was the
reference category. Fourth, we controlled for tgpsechool because high SES children are more
likely to attend private schools and public andvate schools provide different services and
contexts for children with ADHD. Four types of sohavere used: attending private school,
attending public school, home-schooled, and noblEa. Attending public school was the
reference category. Last, co-morbidity was includedhe analysis as a proxy for a child’'s
severity of behavioral disorder. To control for morbidity, we included indicator variables that
for each of the following mental and behavioral odifers: depression, anxiety problems,
behavioral or conduct problems, autism spectrunordess, developmental delay, speech
problems, and learning disability. The indicatoriaales were coded as one if a child has been

diagnosed with the respective disorder.

In addition, we controlled for potential state-lewenfounders. First, we included the NCLB
treatment as a control variable. The NCLB treatmer#n indicator variable and was coded as
one if a state had no accountability system priothe NCLB and hence, the NCLB was a

“treatment” to the state’s education regime. Wheroantability pressure is recently introduced,
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teachers and school personnel might want to keagradied children in self-contained

environments to increase the academic performahtegular” students (Cawelti 2006). Such

tendency will affect both the inclusiveness of sgleeducation and remission rates. Second, we
controlled for the psychiatric service recommeratatian. This is an indicator variable and was
coded as one if a state had had any prohibitidrobitegistration against teachers’ and school
personnel’s recommendation of psychiatric diagndsstment, or medication before the federal
ban was introduced in 2004. When school personpeltsachers’ recommendation is permitted,
they might do so to parents in order to managesdasns more easily and improve the academic
performance of children. States that had prohibitesitment recommendations before the
federal ban are likely to have been favoring the afsbehavioral treatment and accommodations
for children with special needs, and therefore, ralgady have narrowed the remission gap
between low and high SES children. Third, we cdlgdofor several potential confounders that

can affect low SES children’s access to treatm€&hese variables include the proportion of

insured children, the number of psychiatrist pe®,000 children, and income per capita (i.e.,

overall resourcefulness of the state).

To examine the relationship between remission y&ES and special education regimes, we ran
three sets of analyses to ensure our findingsamast to modeling choices. We first ran a set of
logistic regressions stratified by SES. In thetdgteal models, our goal is to determine whether
the association between the odds of remission aoldisive special education are different
among high and low SES samples. Next, to ensuresdhge pattern holds with the complete
sample, we ran a logistic regression model usingesaacross all SES levels and added

interaction terms between SES and inclusive spediatation. The goal of this analysis is to test
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whether the odds ratio of the interaction term leemvinclusive education and low SES category
is significantly greater than one, which would segfgthat the odds of low SES children’s
remission increase at a faster rate as a functianctusive education than those of high SES
children’s. In both stratified and interaction mizjewe clustered standard errors by states
because our independent variable as well as sotoateol variables are state-level covariates.
Finally, we ran a random-intercept multilevel ldgisregression to account for the facts that
children are nested in states. In estimating theraction effect between an individual-level and
a state-level covariate — in our case, the intemadietween low SES and inclusive education —,
multilevel modeling accounts for the fact that dhein are nested in states and therefore, error
terms are likely correlated as such. In the intswacand multilevel models, we use high SES as

the reference category.

Results

To explore whether ADHD gradient exists, we firgitfed the percent of children with ADHD
by SES group. In 2007-2008 survey, 8 percent ofdadm were reported to currently have
ADHD. Figure 1 indicates that higher fraction ofM&ES children has ADHD than their more
advantaged peers. Of families with household inctelew the federal poverty line (low SES
families), 11.33 percent reported that their cletdcurrently have ADHD whereas 7.19 percent
of families with household income above 400 peraginthe federal poverty line (high SES
families) reported that their children have thegdiasis. This difference in ADHD prevalence
between high and low SES groups was statisticalyificant (t = 10.98, p < 0.001), suggesting

that the overall gradient in ADHD prevalence beateg.
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<Insert Figure 1 about here>

Next, we plotted remission rates of high and lowSSthildren by special education regime.
Figure 2 shows that low SES children’s remissidagare higher in most inclusive states than in
least inclusive states. Although the confidencerirdls for the inclusive and restrictive states
overlap, a t-test with independent samples revehlaidthe group means for the two group were
significantly different form each other (t = 1.99,< 0.05). In contrast, high SES children’s

remission rates did not significantly differ in recaind less inclusive states (t = -0.92, p = 0.179).

<Insert Figure 2 about here>

Finally, to ensure that the relationship betweemission, SES, and special education
environment holds after controlling for potenti@nfounders, we turned to regression models.
Table 1 summarizes descriptive statistics of végmlused in statistical analysis. The overall
remission rate was 22 percent. For the purposeasefee interpretation of effect sizes, we
standardized inclusive education. To put the staliied measure into perspective, mean
inclusive education indicates that special-educatibildren in those states spend roughly 11

percent of their time at school in self-containéassrooms. One-standard deviation above the
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mean translates into roughly 8 percent of timeeifrcontained environments, and one-standard

deviation below the mean stands for roughly 18 grarof time in such restrictive settings.

We employed three sets of logistic regressionstrh}ified models, 2) an interaction model, and
3) a random-intercept multilevel model. Models H &of Table 2 shows that among high and
middle class children, there are no significantfedé@nces in remission rates across special
education regimes. In contrast, Model 3 suggestisttie remission rate of low SES children of
inclusive states is on average by 1.3 times higiien that of restrictive states (OR: 1.259, p <

0.01).

We find the same pattern in a logistic regressiadeh with interaction effects. Model 4 of
Table 2 indicates that the effect of inclusive $gleeducation on remission rate is much larger
among low SES children than among high SES chil@@R: 1.294, p < 0.01). Figure 3 plots the
interaction effects between SES and special educatigime. Low SES children are more likely
to experience remission when educated in more sha@uenvironments whereas high SES
children’s remission rate is relatively invariandr@ss special education environments. In the
range of the least and most inclusive states, éhession rate increased from 22 percent to 20
percent, and the difference was insignificant stially. The effect size of inclusive
environment for low SES children is large — holdotber variables at means, the remission rate
of low SES children is estimated to larger by twddfin more inclusive states (defined as two-
standard deviation above the mean) than that ® iledusive states (defined as two-standard
deviation below the mean). In other words, low StE8dren’s remission probability in more
inclusive state is estimated to be 32 percent whi¢ in less inclusive state is 16 percent. Thus,
inclusive educational environments appear to betigodarly beneficial to disadvantaged

children. Finally, we ran a random-intercept maitél logistic regression model to confirm that
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our results hold even after we account for the faat children are nested in states. When we
compare Model 4 and Model 5, the odds ratios ofititeraction term between low SES and
inclusive education environment are very similaha@aligh the multilevel model has a wider
confidence interval (Model 4 — OR: 1.294, p < 0.0Mgdel 5 — OR: 1.290, p < 0.05). In sum,
inclusive special education environments facilita SES children’s remission whereas high

SES children do not respond to state-level vamaitiospecial education regimes.

<Insert Table 1 about here>

<Insert Figure 3 about here>

Discussion

Special education environments are associateddiffégrential remission rates among more and
less advantaged children. While high SES childrenndt respond significantly to special
education environments, low SES children educataddlusive settings have a better prognosis
than their peers in restrictive environments. Téiggests that schools may be particularly

important in ameliorating disparities in childhooehavioral disorders.
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Our study has several limitations. First, we retyaross-sectional data on ADHD remission at
the individual level in conjunction with educatidreamvironment data at the state level. Ideally,
we would use repeated observations of same indilsdover time and trace their ADHD
diagnosis and remission as well as their placemespecial education environments, rather than
relying on reported changes in diagnosis. The esestional nature of the NSCH data and our
measure of special education environments at e $vel limit our ability to identify clear
causal relationship. With longitudinal observatiars children’s mental health in combination
with their placement data, one could make stromgeisal claim about the relationship among
differences in the utilization of special educati@ervices by families with different
socioeconomic background, remission from ADHD, agebgraphic variation in gradient.
However, using data at the state level helps agssame potential selection concerns. If our
analysis examined whether or not an individualcthvias placed in a more or less restrictive
environment, we worry that the characteristics meit@ing placement would be associated with
the likelihood of remission. While using state ledata on restrictiveness has limitations, it

helps us overcome individual selection issues.

Second, our measure of special education environméght be capturing other factors. We
interpreted the proportion of students in restretplacements in a given state as a measure of
access to better special education services. Altieely, our measure could indicate overall
quality of special education in the region — itee financial and human resource availability of
schools in a state to provide special service, mocodations, and modifications that would cater
special needs of children with disability. We atpgro address this issue by controlling for the

Individuals with Disabilities Education Act (IDEAJetermination. Released by the U.S.
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Department of Education’s Office of Special Edumatand Rehabilitative Services, the IDEA
determination assesses each state’s special emlucpgrformance. We used the IDEA
determination of 2006 (U.S. Department of EducatRi07) and created an indicator variable of
whether a state met the requirements of the st&uen after the IDEA determination was
included in the models, the effect of inclusive eation environment on low SES children’s
remission was positive and significant (resultsilabée upon request). This suggests that
inclusive education has a direct relationship \lith remission rate among low SES children net
of its indirect influence on the remission rateotigh the effectiveness of overall special
education provision. In addition to this analyticategy, interpreting our measure of inclusive
environment as overall quality of special educateamnot explain the empirical pattern of
geographic variability by SES. That is, if inclusieducation environment translates to higher
levels of resources availability and capacity tovmle special education services, we would
expect to see higher remission rates among altréml in inclusive states compared to their
peers in more restrictive states. The quality-ofse-provision intervention alone cannot
explain the unequal remission rates between lowhagid SES children in states with more and

less inclusive special education practices.

Third, it is also possible that children from madvantaged backgrounds would prefer to
maintain their diagnosis in order to access meiisand other benefits afforded by a diagnosis.
If this were the case, we would expect them to Hawer remission rates in general. While we
do not observe this, their invariant response tacational environments is consistent with this

explanation. While our study focuses on the besefitmore inclusive environments for lower

25



10

SES children, further work should examine why thbseefits do not accrue to higher SES

children.

Finally, it may be important to note that ADHD cha mis-diagnosed and that individual or
environmental characteristics, such as SES, cae dwer- or under-diagnosis (Bruchmuller et
al., 2012; Reyes et al., 2013; Morley 2010 this regard, one might be concerned that
misdiagnosis may confound our results. That is, 86 children that do not actually meet the
diagnostic criteria are more likely to be mis-diagad with ADHD in inclusive states than in

restrictive states (i.e., false positives), andrthegher remission rates in inclusive states may

result from the mis-categorization of low SES cteld whose behavior only mildly resembles

! Our empirical analyses focus on children who hiaeen diagnosed with ADHD and on how SES is asstiat
with their remission. However, it is important tote that getting a diagnosis in the first placal& likely shaped
by sociocultural factors such as SES. Researchengeahat ADHD is often mis-diagnosed and that aiert
populations are more prone to over- or under-diagn@Morley 2010). For example, ADHD diagnosis more
prevalent among boys than girls (Bruchmuller et @012). Prevalence rate also differs along raeiatl
socioeconomic lines (Baumgardner et al., 2010; Reyal., 2013).

One can think of various factors that may leadiffeintial diagnosis rate between low- and higESSchildren.
First, fundamental cause theory posits that low &BS8ly have less resources that high SES onek @ Phelan,
1995). Low SES parents might be unable to spene with their children as much as higher-SES parémw SES
parents are likely unfamiliar with prevalence, syomps, and consequences of ADHD. Both the lack oétiene
with children and that of information about theatider make low SES parents ill-equipped to notiebavioral
problems of their children. Even if they note sopneblematic behavior, low SES parents could findificult to
time and economic resources (i.e., insurance) é& sediagnosis. Furthermore, even if they decidbriiog their
children to diagnosticians, they might be unabladequately deliver their children’s problem bebavAll these
factors likely lead to underdiagnosis of ADHD amdog SES children.

On the other hand, there are a couple of reasatsABHD in low SES population may be over-diagnosed
Healthcare providers might produce false positilgoses for low SES children when they do not exlbe the
diagnostic guideline and instead rely on sterectygsed judgment (Bruchmuller et al., 2012; Manoal£t2017).
Teachers can also contribute to the over-diagnokiew SES children because they might consider BES
children’s classroom behavior as problematic amgjest getting a diagnosis to low SES parents.

High-SES children, too, are subject to misdiagndsigh SES parents can drive underdiagnosis if Hreywary of
stigma associated with the diagnostic label, ana @sult, do want their children to obtain a dizgjs. On the other
hand, high SES parents might have a motivation ussye a diagnosis if they want to boost the academi
performance of their children by having their chéld on stimulants. High SES parents’ driving oviaigdosis
appears to be plausible given the evidence ths¢ fabsitive rate is higher among high SES childhem low SES
children (Morley 2010) and that high SES childremigdication cycle is closely coupled with acaderatendar
(King et al., 2014).
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the symptoms of ADHD. In other words, low SES cileld diagnosed with ADHD in inclusive

states are easier to “fix” than those in restriesvates.

Unfortunately, our data do not include informatigarding children’s symptoms and their
diagnostic processes. We, however, believe thdtisive education would not be associated
with over-diagnosis of low SES children. First, Mieeare professionals, working outside
education systems, have no reason to be more hiagedusive states to produce false positive
diagnoses. Second, nether inclusive nor restricggmes have an incentive to push low-SES
children for diagnosis. If anything, the reason $ohools and education systems to push for
diagnosis would be for the ease and effectivenéstassroom management. Such a tendency
toward effective classroom management is likehhhidnen the academic pressure is present. To
address this concern, in our statistical models, comstrolled for the presence of academic
pressure at the state level, by including an irtdiceariable that denotes whether No Child Left
Behind policy increased pressure for academic adebility for the given state around 2007.
Our results show that even after controlling foe foresence of academic pressure, inclusive

states had higher remission odds of low SES childre

Furthermore, for inclusive states, ease of clagsromanagement wouldn’t be an incentive to
push low SES children’s diagnosis at all. Recaddl tinclusive regimes will place children with
disabilities in regular classrooms to the maximdest. Given that children most vulnerable to
over-diagnosis would have only mild behavioral peafs, they will likely remain in regular

classrooms with their peers even if they obtain ADMiagnosis. At the other extreme is

restrictive states. We contend that the primarysomathat restrictive regimes place special
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education students in self-contained classroonthidslack of resources. Note that education
systems are evaluated by the federal agency, atetdlefunding is allocated according to the
evaluation. One important evaluation criterionhis tlegree of inclusiveness of special education
provision. Therefore, a concern for losing fedéualding likely counteract the incentive to push
for ADHD diagnosis even if the separation of spee@ucation children from regular students
may make it easier to manage classrooms. Thabiistektrictive states, a concern of losing

federal funding likely triumphs a desire for ea$elassroom management.

This article makes three contributions. First, tor &anowledge our study is the first to link
ADHD remission and schooling. Estimates of remisgidgnew-Blais JC et al. 2016; Biederman
et al. 2011; Biederman et al. 2012; Faraone, e2@06; Kessler et al. 2005) as well as studies of
behavioral interventions in schools exist (Banand Dailey, 1995; Fryxell and Kennedy, 1995;
Kennedy et al., 1997; McLaughlin and Walther-Thon2302; Rea et al., 2002; Waldron and
McLeskey, 1998). However, little attention has bdesawn to the context in which treatment and
intervention are delivered. We highlighted spe@ducation environments as an important
context in which behavioral treatments takes pldte. significance of schooling in treatment of
mental health and behavioral disorders is parambecduse children and adolescents spend the
majority of time at school or doing school-relatectivities and tasks. Second, our findings
contribute to the fundamental cause tradition bypieoally examining how an institutional
environment can interact with individual’'s socioromic status to produce gradients in a health
outcome. Finally, our study sheds light on a paatinplication of special education regimes in
the reproduction of social inequality. Schools afreritical importance in reducing disparities in

access to treatment because other treatment mesalguch as medication, psychiatric
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treatment, and family-based interventions, aretiféa@ by socioeconomic status. In our study,
higher SES children are invariant in their respoteseducational environment suggesting they
may have access to treatment outside of the sdysdém. Institutional environments, on the
other hand, impact low SES children’s prognosistaasing or decreasing disparities in health.
Our study suggests that inclusive special educaiironments may help reduce mental health
disparities among children and adolescents. Hgmllients in children’s health can reproduce,
if not amplify, social stratification because thejfect other important outcomes such as
educational attainment, occupational choice, andnre. Therefore, it is important to ensure that
our institutions provide adequate social arrangésn&om which children with little family

resources can receive otherwise unavailable care d anservices.
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Figure 1. Percent of School-aged Children Currently Having-#iDby Socioeconomic Status
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Note: Authors’ calculation based on data from tlaidhal Survey of Children’s Health, 2007-2008.
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Figure 2. Percent of School-aged Children Remitted from ADbi{DSocioeconomic Status and

Special Education Environment
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Note: Authors’ calculation based on data from NaloSurvey of Children’s Health, 2007-2008. Based
on the inclusiveness of special education, we &bebp third of states as most inclusive statestoBo
third of states was coded as least inclusive statigh SES children’s remission rates in least amubt
inclusive states are not statistically different(10.92, p = 0.179). Low SES children’s remissiate is

higher in inclusive states than in restrictiveesatt = 1.97, p < 0.05).
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Figure 3. Odds of Remission by Special Education Environm®trgtified by Socioeconomic Status
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Note: Marginal effects from Model 4 shown in Tallle Middle socioeconomic status was omitted for

visualization. Note that inclusive education wesdardized (M = 0.000; SD = 0.999).

43



Table 1. Descriptive statistics

Individual-level variables Obs. Mean Std. Dev. Min Max
Remission 5,967 0.220
Socioeconomic status

High 5,967 0.348

Middle 5,967 0.507

Low 5,967 0.144
Age 5,967 12.719 3.185 6 17
Sex

Female 5,967 0.290

Male 5,967 0.710
Race

White 5,967 0.732

Black 5,967 0.103

Multiracial 5,967 0.080

Other 5,967 0.085
Insurance

Private 5,967 0.631

Public 5,967 0.313

Non (Cash) 5,967 0.056
Family structure

Two parent--biological or adopted 5,967 0.515

Two parent--step family 5,967 0.144

Single mother--no father present 5,967 0.237

Other family type 5,967 0.103
School

Public 5,967 0.866

Private 5,967 0.109

Home-schooled 5,967 0.022

Not-enrolled 5,967 0.003
Comorbidity

Depression 5,967 0.216

Anxiety 5,967 0.257

Behavioral disorder 5,967 0.273

Autism 5,967 0.082

Developmental problem 5,967 0.214

Speech disorder 5,967 0.132

Tourette syndrome 5,967 0.020
State-level variables Obs. Mean Std. Dev. Min Max
Inclusive education (standardized) 5,967 0.000 1.000 -2.141 2.903
State-prohibition of drug recommendation 5,967 0.272
NCLB as a treatment 5,967 0.389
IDEA determination (Does not need interventic 5,967 0.218
Proportion insured 5,967 0.862 0.039 0.749 0.945
Psychiatrist per 10,000 children 5,967 1.757 1.299 0.696 9.817
Income per capita 5,967 0.123 0.144  0.008 0.711
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Table 2. Factors Associated with the Odds of Remission from ADHD among School-aged Children

Model 1 Model 2 Model 3 Model 4 Model 5
Stratified: Stratified: Stratified: Interaction _ﬁ?gg}%mt
High SES Middle SES Low SES Srcep
Multi-level
Inclusive education (Standardized) 0.989 0.959 1.259** 0.969 0.965
(0.871) (0.463) (0.006) (0.631) (0.572)
Poverty level: 3 Categories (Ref: Above 400%)
Middle SES (Above 100% to at or below 400%) 1.138 1.139
(0.065) (0.090)
Low SES (At or below 100% poverty level) 1.168 1.175
(0.270) (0.202)
Middle SES X Inclusive education 0.995 1.001
(0.929) (0.987)
High SES X Inclusive education 1.294** 1.290*
(0.006) (0.016)
N 2078 3028 861 5967 5967
Clustered SE State State State State No

Note: To measure the inclusiveness of states’aducenvironments, we used each state’s propoofigtudents educated in regular classroom less4Baercent of their
time. We reverse coded the proportions to denalesiveness and mean-centered them for easiepietation. Families with income between 100% ar@P4@f the Federal
Poverty Line (FPL) were coded as Middle SES. Fasiith income below 100% of the FPL were codedasSES. High SES (> 400% of the FPL) was omitteat. all
models, we included the following individual-lexaintrol variables: age, sex, race, insurance, fastilicture, school, and co-morbidity. We also oalted for state-level
covariates: state treatment recommendation banforihe federal ban, No Child Left Behind (NCLB) taeatment, proportion of the insured, psychigfrés 10,000, and
income per capita. Exponentiated coefficients apgrted; p-values in parentheses. In Models 1, @@ 4, standard errors are clustered by state.

Exponentiated coefficients; p-values in parentheses
* p<0.05 ** p<0.01 *** p<0.001
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Research highlights

e The majority of children experience ADHD remission by adulthood

e Low SES children are less likely to experience remission

e Low SES children’s odds of remission are higher in states with inclusive education
e High SES children’s remission rates are unaffected by education policies

¢ Inclusive special education may help alleviate childhood health inequalities



