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Abstract

Autism spectrum disorder (ASD) tends to co-occur with epilepsy, but it remains unclear if ASD predisposes to
epilepsy or vice versa. Using the National Survey of Children’s Health (2012), we assessed the relationship between
ASD and epilepsy as disease co-occurrence, examined racial/ethnic variability therein and the risk markers.
Compared to whites, blacks/African Americans were 54% less likely to be diagnosed with ASD, prevalence odds
ratio (POR)=0.46, 95% CI, 0.34-0.63. In contrast, compared to whites, blacks/African Americans were 56% more
likely to be diagnosed with epilepsy, POR=1.56, 95% CI, 1.24-1.96. Similarly, racial differences were observed in co-
occurrence, with significant 20% higher risk among Blacks relative to Whites, POR=1.20, p<0.0001. Public
insurance, poverty, maternal education, and intellectual disabilities were the two most potent predictors of ASD-
epilepsy co-occurrence. After controlling for age, sex, parental education, insurance coverage, federal poverty level,
and intellectual disability, significant racial differences did not persist but Blacks were 74% less likely to report ASD &
epilepsy co-occurrence relative to Whites, aPOR=0.26, p=0.23. In summary, racial disparities exist in ASD-epilepsy
co-occurrence prevalence, which did not persist after controlling for potential confounders; while public insurance,
maternal education, poverty and intellectual disabilities remain potent predictors of the co-occurrence. These
findings suggestive of cautious optimism in assessing the causal direction in the co-occurrence of ASD and epilepsy
among children.
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Introduction

Autism spectrum disorder (ASD) is a range of neurodevelopmental
disorders characterized by the broad autism phenotype (BAP) which
demonstrates impairments in communication, difficulty in social
interactions, and stereotyped patterns of behaviors, interests and
activities [1,2]. Although, this condition is largely misunderstood,
recent epidemiological evidence suggests that by age 8, 1 out of 88
children will be diagnosed with ASD, with more diagnoses being
reported each year [3,4]. The pathophysiology of ASD has been
difficult to identify due to the uncertainty surrounding its origins. The
early overgrowth of higher cognitive brain regions in development is
believed to contribute to an imbalance between excitatory-inhibitory
networks, which is reflected by ASD phenotypes such as child agitation
and stereotyped behaviors [5]. These phenotypes underscore the
frequent comorbidities of ASD with Fragile X syndrome, tuberous
sclerosis, Tourette syndrome, attention deficit disorder and epileptic
seizure [6].

Epilepsy is a chronic disease identified as a manifestation of
abnormal, excessive hypersynchronous firing of cortical neurons [6]. It
has been reported to be one of the most prevalent neurological

disorders, affecting approximately 0.6% of children ages seventeen or
younger; while varying in degree of severity, epilepsy impacts over 50
million people globally [7,8]. Similarly to ASD, there has been
ambiguity in identifying its origins and pathophysiology. Bromfield et
al. propose that a combination of action potentials decreased
inhibitory neurotransmission, and alterations of intra or extra-cellular
ion concentrations result in membrane depolarization [6]. Such action
potentials in association with overgrown axonal collaterals are capable
of initiating self-reinforcing circuits that extend instances of excitation
and ultimately present as epileptic seizure [6].

Increased attention to these chronic diseases, particularly ASD, has
revealed higher prevalence than has been previously recognized.
Methodological changes in clinical diagnoses have seen drastic rises in
ASD incidence, namely from 1 in 150 diagnosed children in 2000 to 1
in 68 diagnosed children in 2010 [9]. Furthermore, several studies have
suggested that 5% to 46% of individuals diagnosed with ASD have
been observed to develop some degree of epilepsy, with the greatest
risk of development appearing in adolescence [10-12]. Previous
research studying ASD revealed that males were more likely to be
diagnosed by a ratio of 4:1, a finding that has been comparable to other
neurodevelopmental comorbidities such as dyslexia and attention
deficit disorder [1,13].
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To our knowledge, there have been very few studies assessing the
co-occurrence of ASD and epilepsy, which makes it difficult to
establish valid and reliable prevalence of this co-occurrence. With
respect to symptoms and manifestations, there are similarities between
the two conditions, yet no causal relationships between ASD and
epilepsy have been established suggesting that ASD may be a
contributing cause to epilepsy or vice versa. While previous data have
explained the presence of co-occurring ASD and epilepsy, there
remains a pressing need for more research [1,4,10-13]. Evaluation of
studies on the prevalence of epilepsy and ASD illustrates the challenges
in obtaining reliable and accurate prevalence in these conditions.
Preliminary studies on disease origins, overlapping phenotypes, and
frequency of comorbidity have provoked increased speculation
towards an association between ASD and epilepsy [4,10-14]. Relative
to the general population, epilepsy is more common in children with
ASD (prototypical form of a group of pervasive developmental
disorders that comprise autism, atypical autism, Asperger syndrome
and ‘other’ pervasive development disorder) [4,10-13]. While an
association between these two clinical conditions has been established,
shared features including phenotypes remain to be fully understood as
well as the causal relationship in terms of infantile seizure’s etiologic
role in ASD. Additionally, it is unknown if the prevalence of the
comorbidity or relationship of these two conditions varies by race and
ethnicity, and if so, which risk markers or factors explain such
variance.

In this study, we aimed to examine the prevalence of ASD, epilepsy
and co-occurrence, a broad term implying the presence of both clinical
conditions (ASD and epilepsy). Additionally, we sought to identify the
risk markers for dual diagnosis among the sample with either of the
conditions relative to those with both conditions.

Materials and Methods

We conducted a cross-sectional study to examine the prevalence of
ASD, epilepsy and the co-occurrence of these conditions and to
examine potential variance or relationships by race, insurance
coverage, and other risk markers. The secondary data were provided by
the United States’ National Survey of Childrens Health (NSCH), 2012,
which is a cross-sectional survey of non-institutionalized residents. An
Internal Review Board (IRB) approval was not required for this study
due to utilization of public access data (NSCH, 2011/12).

Study population and sample

The study population (n=95,775) consisted of non-institutionalized
children aged 0-17 in the United States’ National Survey of Children’s
Health, 2011/12. The racial distribution of children in the sample was
white  (n=68,738,73.8%), Black (n=9,493,10.2%) and other
(n=14,886,16.0%). All children meeting this eligibility criterion were
included regardless of race, ethnicity, sex, or other stratifying
characteristics. Parents or heads of household, including caregivers,
were asked a series of questions regarding the child’s health and
healthcare history, family demographics, and living environment. For
the purposes of this study, parents/caregivers were asked to report
whether or not the child had ever been diagnosed with epilepsy or if
the child had ever been diagnosed with autism, Asperger’s disorder, or
pervasive development disorder. Based on these responses, the sample
size utilized was 2,072. This sample size is representative of the
population of children in the United States and is considered reliable
for interpretation and generalization.

Study variables ascertainment

Study variables consisted of self-reported conditions of ASD and
epilepsy as well as other self-reported characteristics including race,
age, sex, federal poverty level, health insurance coverage, and
intellectual disability, maternal and paternal education. In order to
facilitate data analysis, ASD and epilepsy variables were processed and
recoded to create binary variables (O=absence, 1=presence). The race
variable in this study focused primarily on ‘whit¢ and ‘black
participants as well as ‘other, those who identified as another race
category other than white or black. To better assess ASD, epilepsy, and
co-occurrence by age, the continuous age variable was recoded,
creating age categories of 2-5 years, ‘6-9 years, ‘10-14 years’ and ‘15-17
years. This categorical age distribution allowed us to narrow our
findings in a way that accounts for degrees of maturity and
developmental and behavioral differences in the pediatric population.
Sex, a dichotomous variable, indicated children as male or female on a
nominal scale. Poverty level was utilized to demonstrate relative
socioeconomic status with 100% equaling the federal poverty level.
This variable was recoded and categorized into ‘0-199% federal poverty
level (FPL) and 200% or greater FPL. Additionally, we utilized a
categorical variable for health insurance coverage, measured as ‘Public/
Medicaid, ‘Private, or ‘Uninsured’ Intellectual disability was used to
identify whether or not the children currently have or were ever
diagnosed with intellectual disability or mental retardation. Intellectual
disability was represented as a categorical variable characterized as ‘No
condition, ‘Ever told, no current condition’ and ‘Current condition’
‘Maternal education’ and ‘paternal education’ were included in the
study to explore the impacts of parental education levels on ASD,
epilepsy, and co-occurrence. Education variables were measured in
three categories: ‘Less than high school, ‘High school graduate, and
‘More than high school. Body mass index (BMI) was also utilized to
examine relationships between ASD and epilepsy. BMI was measured
as ‘Less than 5% 5% -<85%), ‘85% -<95%’and “95% or greater’ The
rationale for including BMI as one of the measures of the co-
occurrence results from the perpetual association observed between
adiposity, total body fat, and morbidities as well as co-occurrence.
Despite the fact that BMI does not accurately assess adipocytes and
body fats that have been implicated in most pathology, it remains a
proxy to adipocytes.

Statistical analysis

Data processing was performed to examine missing variables and
outliers. The categorical and nominal variables were summarized using
frequency and percentages. The probability or likelihood of having
been told that a child has ASD, epilepsy or co-occurrence was
examined using a positive response as a numerator divided by the
population at risk as a denominator, implying a simple probability of
an event occurring or not occurring as the prevalence of the condition.
Additionally, the co-occurrence of ASD and epilepsy was assessed
using prevalence odds ratio (POR) estimates, given race. In order to
determine whether or not there was co-occurrence among children
with ASD and children with epilepsy, we utilized Pearson Chi-square
statistic as well as univariable and multivariable logistic regression
models.

The multivariable logistic regression model was used to examine co-
occurrence given race, sex and predictors, as well as potential
confounding variables. Prior to building a multivariable model, we
assessed variables for effect measure modification and confounding
effects using Mantel-Haenszel stratification analysis. A multivariable
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logistic regression model was built to examine the simultaneous effect
of race, sex, age, maternal and paternal education, poverty, insurance
coverage, and intellectual disability on ASD and epilepsy co-
occurrence. Forward loading and backward elimination were utilized
to construct the model. The variables that illustrated at least 10%
difference between the crude and adjusted estimate were included as
confounding in the multivariable model. All tests were two-tailed in
the hypothesis testing model with p value method. The significance
level for the univariable model was 0.05 (95% confidence interval),
while the multivariable model was 0.01 (99% confidence interval). The
entire analyses were performed using Stata version 14 [15].

Results

The sample for the assessment of the prevalence of ASD, epilepsy
and co-occurrence od ASD and epilepsy was 95, 677 and comprised
white (n=68,736), black (n=9,493), and other (n=14,886). Although
not shown in the tables, the prevalence of epilepsy was n=579 (0.7%),
ASD, n=1,624 (1.9%) and co-occurrence, n=101 (0.12%). The
prevalence of ASD among whites was 1.8% (1,232), blacks, 132 (1.4%),
and other, 233 (1.6%). The seizure prevalence was 0.6% (428) among
whites, 1.0% (92) among blacks and 0.6% (86) among other. The
prevalence of ASD and epilepsy co-occurrence was 0.11% (76) among
whites, 0.13% (12) among blacks and 0.9% (14). There were racial
disparities in epilepsy, with prevalence higher among blacks (1.0%)
relative to whites (0.7%) x2 (2)=15.7, p<0.001. However, ASD was
more prevalent among whites (2.0%), lowest among blacks (1.6%) and
intermediate among other race (1.8%), X2 (2)=10.2, p<0.01.

Study characteristics for ASD, epilepsy, and co-occurrence
stratified by race

Although not shown in the tables, variance was observed in the
study characteristics of children with autistic spectrum disorder (ASD)
stratified by race. There were racial variances in ASD by age. While
ASD was comparable between races, the prevalence was highest in age
group 10-14 years. Regarding health insurance, African Americans
(33.6%) were less likely to have private insurance compared to their
white (55.2%) counterparts, X2 (4)=30.1, p<0.001. African Americans/
blacks (30.5%) were more likely to present with intellectual disability
compared to whites (18.7%), x2 (4)=14.6, p=0.01. There were racial
differences in mother’s education, with African American mothers
(71%) slightly less likely to have higher than high school diploma
relative to whites (76%), X2 (4)=12.44, p=0.01. Similarly, African
American fathers (62.9%) were less likely compared to whites (73.3%)
to have more than high school diploma, x2 (4)=9.8, p=0.04. The body
mass index (BMI) 95% was more common among blacks (37.7%)
compared to whites (21.5%), x2 (6)=13.1, p=0.04. There were no racial
variances in the sex of children with ASD.

Similar to ASD, racial variance was demonstrated in the study
characteristics of children with epilepsy. There were racial differences
in regards to federal poverty level, with whites (57.5%) more likely to
be in the upper level of income ( = 200 FPL) when compared to their
black counterparts (27.3%), x2 (2)=26.7, p<0.001. There was also a
marginally significant racial difference in health insurance, with whites
(42.1%) more likely to have private coverage relative to black/African
Americans (26.1%), X2 (4)=7.9, p=0.09. There were no significant
racial differences in intellectual disability, mother’s education and body
mass index.

The study characteristics of children with both ASD and epilepsy,
broadly termed co-occurrence in this study, implying the presence of
two clinical conditions also demonstrated racial variance. Health
insurance coverage and federal poverty level indicated significant racial
differences. Among children with co-occurrence, there was racial
variability in the distribution of public insurance comparing white
(60.5%) to black (91.7%) children. Similarly, Blacks/African Americans
(16.7%) were less likely to be classified with > 200% FPL in the poverty
category when relative to whites (60.5%).

Crude association between ASD, epilepsy, co-occurrence and

race
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Figure 1: Unadjusted association between race and Autism
Spectrum Disorder and Epilepsy, National survey of children’s
health, 2012.
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Figure 2: Unadjusted association between ethnicity and Autism
Spectrum Disorder and Epilepsy, National survey of children’s

health, 2012.

Table 1 presents the crude association between race, and co-
occurrence as well as ASD and epilepsy using univariable logistic
regression. Whereas African Americans/blacks were less likely to be
diagnosed with ASD, they were more likely to be diagnosed with
epilepsy and co-occurrence. Compared to whites, blacks/African
Americans were 54% less likely to be diagnosed with ASD, prevalence
odds ratio (POR)=0.46, 95% CI, 0.34-0.63. In contrast, compared to
whites, blacks/African Americans were 56% more likely to be
diagnosed with epilepsy, POR=1.56, 95% CI, 1.24-1.96. Although
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imprecise, African Americans/blacks were 20% more likely to be
diagnosed with both conditions relative to whites, POR=1.20, 95% CI,
0.64-2.25. The sample estimates (ORs) by race is illustrated in Figure 1,

indicative of higher ASD among whites, while higher epilepsy was
observed among blacks, Figure 2 presenting the unattested association
by ethnicity.

ASD Epilepsy Co-occurrence
Variable

OR 95% ClI P OR 95% CI P OR 95% ClI P
Race
White 1 Referent Referent 1 Referent Referent 1 Referent Referent
Black 0.46 0.34-0.63 <0.001 1.56 1.24-1.96 0.002 1.2 0.64-2.25 0.56
Other 0.89 0.66 - 1.20 0.89 0.94 0.74-1.19 0.626 0.89 0.49-1.63 0.71

Table 1: Association between race and ASD, Epilepsy, and ASD/Epilepsy Co-occurrence, National survey of children's health, 2012.
Notes and abbreviations: This table represents the unadjusted association calculated through logistic regression. The type 1 error tolerance
[significance level] was set at 5% [0.05]. or Odds Ratio; %, percentage; CI, Confidence Interval; P, p-value. The adjusted prevalence odds ratio for

the group ‘Uninsured’ was omitted due to an insufficient sample.

Crude association between co-occurrence and other study
characteristics

Table 2 exhibits the univariable and unadjusted regression model of
risk and predisposing factors in ASD-Epilepsy co-occurrence. There
were significant differences in health insurance and intellectual
disability with respect to co-occurrence (ASD and epilepsy). Children
who currently had intellectual disability were 4 times as likely to have
been diagnosed with ASD and epilepsy (co-occurrence), POR=4.22,
95% CI, 2.81-6.34. Likewise, compared to children with public
insurance, those with private insurance were 45% less likely to be
diagnosed with co-occurrence, POR=0.55, 95% CI, 0.36-0.38. The
univariable association between the potential predictors of the co-
occurrence is illustrated in Figure 3 as risk markers, namely intellectual
disability, insurance and poverty.

133 TR 143 s
L | 100 .02 I | wo 10, 10
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Figure 3: Unadjusted association between Comorbidity (ASD &
Epilepsy) and risk markers, National survey of children’s health,

)

> 2
& F

2012.
Variable POR 95% CI ‘ P
Sex
Male 1 Reference
Female 1.33 0.86 - 2.06 ‘ 0.193
Race
White 1 Reference
Black 1.2 0.64 -2.25 0.564
Other 0.89 0.39-1.63 0.705
Ethnicity
Hispanic 1 Reference
Non-Hispanic White 1.36 0.62 - 3.00 0.445
Non-Hispanic Black 1.76 0.68 - 4.57 0.245
Multi-racial 1.41 0.54 - 3.66 0.479
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Age

2-5 years 1.00 Reference

6-9 years 0.92 0.45-1.86 0.818
10-14 years 1.3 0.68 - 2.45 0.425
15-17 years 1.44 0.73-2.85 0.292
Federal Poverty Level

0-199% FPL 1 Reference

=200 FPL 0.81 0.54-1.21 0.303
Health Insurance Coverage

Public/Medicaid 1 Reference

Private 0.55 0.36-0.83 0.004
Uninsured Omitted

Intellectual Disability

No condition 1.00 Reference

Ever told, no current condition 0.77 0.10-5.75 0.804
Current condition 4.22 2.81-6.34 <0.001
Maternal Education

Less than high school 1 Reference

High school graduate 0.82 0.33 - 2.02 0.664
More than high school 0.9 0.40 - 2.00 0.799
Paternal Education

Less than high school 1 Reference

High school graduate 2.59 0.59 - 11.40 0.21
More than high school 2.01 0.48 - 8.46 0.34
Body Mass Index (BMI)

<5% 1 Reference

5% - <85% 1.43 0.50 - 4.10 0.51
85% - <95% 0.79 0.23-2.79 0.72
2 95% 1.29 0.42 - 3.96 0.66

Table 2: Univariable association between sex, race, and other risk markers and co-occurrence (ASD & Epilepsy), National survey of children’s

health, 2012.

Notes and Abbreviations: The type 1 error tolerance [significance level] was set at 5% [0.05]. POR, prevalence odds ratio; n, number; %,
percentage; FPL, federal poverty line; CI, Confidence Interval; P, p-value. The adjusted prevalence odds ratio for the group ‘Uninsured’ was

omitted due to an insufficient sample.

Adjusted association between co-occurrence and race

Table 3 indicates the effect of race on co-occurrence after adjusting
for various biologically and socially relevant variables as confounding.
After controlling for age and sex, as biologically relevant variables in
the disease process in Model I, the risk increased only slightly for both
blacks and others. However, after adjusting for federal poverty level,

maternal education, and paternal education in Model II, the racial
differences was modified. Blacks/AA were approximately 72% less
likely to have co-occurrence relative to whites, adjusted POR
(aPOR)=0.28, 99% CI, 0.02, 3.85, p=0.21. After controlling for other
confounding variables in Models IIT and IV, such as insurance coverage
and intellectual disability, the association did not change significantly,
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and racial differences did not persisted, but Blacks/AA were 74% less
likely to report of ASD & epilepsy co-occurrence relative to Whites,
aPOR=0.26, p=0.23. Figure 4 indicates the adjusted and unadjusted ) e
point estimates on the association between race and co-occurrence as Y — -
comorbidities. The adjusted and unadjusted association is illustrated in L6 o o
Figure 5. 14 136 — 131 —
% 12 wHispmnic
., % Lo _— — Won-Hispanic
‘White
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Figure 4: Unadjusted and adjusted associations between race and
comorbidity (ASD and Epilepsy), National survey of children's
health, 2012.

Adjusted

Unadjusted Adjusted

Figure 5: Unadjusted and adjusted associations between ethnicity
and comorbidity (ASD and Epilepsy), National survey of children's
health, 2012.

Unadjusted Model | Model I Model Il Model IV
Race aPOR 95%Cl | p aPOR 99% Cl | p aPOR 99% Cl | P aPOR 99%Cl | p aPOR 99% Cl | p
0.64 - 0.53 - 0.02 - 0.02 - 0.02 -
Black/AA 1.2 295 0.56 1.22 278 0.54 0.28 385 0.21 0.26 3.60 0.19 0.26 364 0.19
0.39 - 041 - 0.44 - 0.44 - 041 -
Other 0.89 163 0.71 0.92 203 0.78 1.16 308 0.7 1.17 312 0.67 1.1 297 0.8

Table 3: Association between ASD & epilepsy co-occurrence and race, National survey of children’s health, 2012.

Abbreviations, Notes, & Model Descriptions: aPOR=adjusted prevalence odds ratio, CI=confidence interval, p=probability value. Unadjusted:
Base model that examined Autism Spectrum Disorder/epilepsy co-occurrence and race. Model I: Adjusted for age and sex as clinically relevant
variables. Model II: adjusted for age, sex, poverty, maternal education, and paternal education. Model III: adjusted for age, sex, poverty, maternal
education, paternal education, and insurance. Model IV: adjusted for age, sex, poverty, maternal education, paternal education, insurance, and

intellectual disability.

Discussion

Autism spectrum disorder (ASD) has been increasing in terms of
prevalence and incidence in the United States due in part to the
changes in diagnostic criteria. A public health challenge remains in
terms of reducing the incidence of this condition or preventing
complications including co-occurrence with other conditions, such as
epilepsy. This study was proposed to examine the relationship between
epilepsy and ASD in terms of causal pathway as to whether or not
epilepsy leads to ASD or the reciprocal. Additionally, if such a pathway
is established, or the comorbidity incidence is remarkable, this study
aimed to assess the racial differences in the co-occurrence of ASD and
epilepsy, as well as the risk markers for the co-occurrence.

We examined the prevalence of ASD, epilepsy, and the co-
occurrence of ASD and epilepsy, as well as the racial differences in this
prevalence. Secondly, we identified the risk markers for the co-
occurrence. There are a few interesting findings in our study. First,
among children in the United States, the prevalence of ASD is higher
than epilepsy, while the co-occurrence of these conditions is lowest
with respect to prevalence. Secondly, while epilepsy is higher among
black children relative to whites, ASD is higher among whites. Thirdly,
the co-occurrence of epilepsy and ASD prevalence is higher among
blacks compared to whites. Fourthly, the risk markers for the co-
occurrence were intellectual disability, maternal education, poverty as
well as access to care as indicated by health insurance coverage. Finally,
the racial differences in the co-occurrence were explained in party by
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social determinants of health namely maternal education, paternal
education, and poverty.

We have demonstrated that epilepsy prevalence is higher among
black children in a representative sample of United States children.
These data support the findings from previous studies that observed
racial disparities among those with epilepsy [16,17]. We examined the
risk markers for epilepsy in an attempt to explain the racial variances
in the prevalence. In the crude and unadjusted prevalence estimate,
African American/black children compared to whites were two times
as likely to be diagnosed with epilepsy. We built a multivariable model
in an attempt to examine the racial variance therein. With this model
building, racial differences did not persist after addressing and
controlling for the confounding variables, namely insurance coverage,
intellectual disability, poverty, maternal education, paternal education
and body mass index. Consequently, based on our sample data, which
represents a largely population of U.S. children, the racial differences in
epilepsy prevalence between black and white children could be
explained by racial variance in intellectual disability, access/utilization
of health services (insurance coverage), social disadvantage as
expressed by federal poverty line, maternal and paternal education
(social disadvantage) as well as weight management among children.
While the factors observed by our data could lead to a reduction in
epilepsy prevalence as well as health inequity therein, these factors, to a
greater extent, go beyond the medical models of disease etiology. The
Epilepsy Foundation requires a larger collaboration with social services
programs, insurance providers, the healthcare system and the U.S.
Department of Health and Human Services. This collaboration is
expected to result in preventative service coordination as well as
healthcare system navigation.

ASD was shown in our sample to be higher among white children.
This current finding supports several previously published data that
examine ASD among children stratified by race and ethnicity [18,19].
The observed higher prevalence of ASD among white children relative
to blacks may be explained in part by appropriate diagnoses of ASD in
whites, in contrast to blacks who may rather be diagnosed with
attention deficit disorder (ADD) [20,19]. Additionally, black children
may have less access to the healthcare system and may therefore be
under-diagnosed with ASD [20]. We also surmised that the increasing
prevalence of congenital anomalies among white children may
contribute to the higher prevalence of ASD in whites, given the
possibility of uterine environmental insult [3,11]. In the crude and
unadjusted prevalence estimate, black children were less likely to be
diagnosed with ASD. We examined the risk markers for ASD and
adjusted for them in the racial variability in ASD prevalence.
Remarkably, after controlling for insurance, intellectual disability,
poverty, maternal education, paternal education and obesity, the racial
differences between blacks and whites in the prevalence of ASD did
not persist. While the factors observed by the current study may
contribute to reduction in ASD prevalence as well as health inequity
therein, these factors to a greater extent go beyond the medical models
of disease understanding and management. The National Autism
Association, Autism Research Institute, and Autism Society require a
larger collaboration with social services programs, insurance
providers, the healthcare system and the U.S. Department of Health
and Human Services in an attempt to better understand the complex
etiologic and management pathways in this condition.

Whereas ASD was more common among white children, epilepsy
was more common among blacks, but the co-occurrence of these
conditions as comorbidity was higher among black children. We

observed an increase in the odds of co-occurrence of these conditions
in blacks relative to white children. There are no previous studies in
this direction, explaining therefore our inability to either confirm or
refute our findings based on published data. The factors predisposing
to these conditions were examined. Our data indicated that the type of
insurance as well as intellectual disability is associated with higher
prevalence of the co-occurrence among blacks relative to white
children. Insurance coverage which is a proxy to healthcare access and
care utilization impacts morbidity and mortality across the life cycle
[21]. We would therefore expect that the observed variance in ASD
and epilepsy co-occurrence, even though imprecise in our adjusted
data, results in part from the lower proportion of African American/
black children with private insurance relative to whites. Intellectual
disability was another independent predictor of the co-occurrence.
While no data exists to refute or affirm our claim in this vein, it is
plausible that intellectual disability, which has a neurologic basis,
contributes to epilepsy, ASD, as well as the co-occurrence of these
conditions [11], however, intellectual disability may be a manifestation
of co-occurrence implying complexities of causal inference.

Maternal education and poverty were associated with co-
occurrence, and black/AA children were more likely to be associated
with low maternal education and poverty. Adjusting for these factors as
confounding in the association between race and co-occurrence did
reduce the risk of this condition among blacks. Since the risk for the
co-occurrence was higher among children with low maternal
education and poverty, and because blacks/AA were disproportionately
affected by these two potent predictors, balancing these factors across
race is expected to influence or modify the point estimate or effect size
for ASD-epilepsy co-occurrence. The current study observed precisely
this modification, implying that addressing poverty and maternal
education contributes to the reduction in ASD-epilepsy co-occurrence
prevalence among black children in the United States.

Although we were unable to establish the causal relationship
between epilepsy and autism, it is neurologically plausible to imagine
the shared patho-physiology in ASD as well as epilepsy. Epilepsy has
been shown, despite an unknown specific mechanism, to involve the
hyper firing of the cortical neurons [6]. The electroencephalogram
obtained in ASD tends to have similar appearance with that in
epileptic seizures [13,14]. Our data unfortunately precludes our ability
to examine the causal pathway as to the direction of the co-occurrence.
The questions remain: does the presence or diagnosis of ASD
predispose to the development of epilepsy? or does epilepsy or
epileptic seizures result in the development of ASD? Without the
answers to these questions, the causal mechanisms remain
questionable, implying the need for prospective, preclinical data before
non- experimental studies.

Despite the strengths of this study, mainly adequate sample size
implying the statistical power of the study, and the sample
representativeness meaning inherent generalizability, as well as the
unique risk modeling approach to exposure effect, there are some
limitations. First, as a cross-sectional design, we were unable to
establish a clear temporal sequence with respect to the causal
association between epilepsy and ASD as observed earlier. Secondly,
despite controlling for the potential confounding, there are other
variables that could confound the relationship between race and co-
occurrence which were not available in the dataset-unmeasured
confounding. Thirdly, despite adjusting for the potential confounding,
unmeasured and residual confounding might have influenced the
results of this study. However, it is highly unlikely to assume that our
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findings are driven solely by unmeasured or residual confounding.
Nevertheless, no matter the statistical software used to control for
confounding, residual confounding remains [22].

Conclusion

In summary, racial disparities exist in ASD-epilepsy co-occurrence
prevalence, which did not persist after controlling for potential
confounders; while public insurance, maternal education, poverty and
intellectual disabilities remain potent predictors of the co-occurrence.
These findings are suggestive of cautious optimism in assessing the
causal direction in the co-occurrence of ASD and epilepsy among
children, given the cross-sectional nature of the design used in this
study. Therefore while caution should be exercised in the application of
these findings in risk-adapted intervention mapping for risk reduction,
effort to address racial disparities in ASD-epilepsy co-occurrence
requires a careful consideration of health inequities as exposure
function of health disparities in these conditions.
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