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Abstract

Data from the National Survey of Children’s Health 20162019 was used to examine the co-occurrence of autism and ADHD
and the impact on anxiety and depression among adolescents age 12—17. Rates of anxiety and depression were up to ten-fold
the prevalence of adolescents not diagnosed with autism or ADHD. Over half of autistic females (57%) and nearly half of
autistic males (49%) are also diagnosed with ADHD. Autistic females with ADHD had the highest co-occurrence of anxiety
at 72% followed by autistic males with ADHD at 69%. The prevalence of depression was highest among autistic adolescents
with ADHD yet was consistent across genders (male/female) at 38-39%. Adolescents diagnosed with autism and/or ADHD

are at heightened risk for anxiety and depression.
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Mental health conditions have been reported in connec-
tion to both autism (Lai et al., 2019) and attention deficit
hyperactivity disorder (ADHD) (Jang et al., 2013), albeit at
variable prevalence rates (Hossain et al., 2020). Autism and
ADHD are noted to co-occur, however, the Diagnostic and
Statistical Manual of Mental Disorders (DSM) precluded a
dual Autism Spectrum Disorder (autism) and ADHD diag-
nosis prior to the 2013 release of the DSM-5 (APA, 2013)
leading to a scarcity of research (Leitner, 2014). Since 2013,
autism and ADHD have been increasingly reported together,
but with emerging concern over the variability of reported
rates (Hollingdale et al., 2020; Lai et al., 2014; Rong et al.,
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2021). School-age autistic youth and youth with ADHD
are at high risk for experiencing mental health conditions
including anxiety and depression (Hossain et al., 2020; Lai
et al., 2019; Zablotsky et al., 2020), yet research identifying
the prevalence of mental health conditions among autistic
youth and youth with ADHD is limited.

Neurodiversity

The neurodiversity movement has redefined autism and
other neurocognitive variations as valuable differences and
cultural identities, not disorders to be remedied (e.g. Kapp,
2020; Walker, 2021). Autistic self-advocates, for example,
recognize autism as a minority identity and as a disability
resulting from a mismatch between autism and social con-
texts (e.g. den Houting, 2019; Hughes, 2016). Through a
neurodiversity lens, recognizing mental health conditions as
separate from autism and/or ADHD is essential to providing
neurodivergent people with equitable supports provided to
neurotypical people. With the recent focus on mental health
needs of adolescents through the COVID-19 pandemic
(Samji et al., 2022), it seems important to understand the
mental health needs of our autistic school-age youth with
and without ADHD. Understanding the prevalence of co-
occurring autism, ADHD and mental health conditions has
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the potential to: (1) ensure that the mental health needs of
our school-age youth do not go unnoticed or misinterpreted
by healthcare providers and educators as other disability
label related characteristics (Hossain et al., 2020), and (2)
inform the proactive provision of holistic mental health
supports, such as community-based care, counseling, and
trauma-informed instruction (Gotham et al., 2020; Gunin
et al., 2021).

Co-Occurrence of Autism and ADHD

Findings throughout the literature report autism and ADHD
co-occurring at varying rates among school-age youth with
both autism and ADHD diagnoses more common among
males than females (Gargaro et al., 2011). Conducting a sec-
ondary analysis of data, Zablotsky et al. (2020) examined
the 2014 National Survey of the Diagnosis and Treatment
of ADHD and Tourette Syndrome (NS-DATA) and found
that 10% of school-age youth aged 12-17 with an ADHD
diagnosis have a co-occurring autism diagnosis. Reporting
a higher co-occurrence, Hollingdale et al. (2014) conducted
two meta-analyses of 22 publications and found that 21% of
children and young adults with an ADHD diagnosis, both
nationally and internationally, also met the criteria for an
autism diagnosis.

Conversely, meta-analyses have also reported upon the
prevalence of ADHD among autistic youth and adults. Hos-
sain et al. (2020) conducted an umbrella analysis of meta-
analyses on the incidence of ADHD co-occurring among
autistic people of all ages nationally and internationally and
reported that prevalence rates vary widely, ranging from 26
to 65%. Rong et al. (2021) conducted a meta-analysis of 56
publications (both U.S. and international) and reported the
“lifetime prevalence” to be 40.2%. The considerable varia-
tion in co-occurring autism and ADHD rates is of concern
as variable rates may result in a mismatch between disability
specific services provided and actual service needs.

Co-Occurrence of Mental Health Conditions,
Autism and ADHD

Despite the link between autism and ADHD, investigations
of mental health prevalence are commonly found separate
in the research literature. In a study identifying the co-
occurrence of other diagnoses along with ADHD, 1.6% of
school-age youth were found to have a depression diagno-
sis and 1.3% an anxiety disorder (Jensen & Steinhausen,
2015). In contrast, an earlier study using a cohort (n=112)
of 10- to 14-year-old children from a population-based sur-
vey (Simonoff et al., 2008), reported that 84% of children
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diagnosed with ADHD also had at least one co-occurring
mental health condition including anxiety and depression.
In terms of autism, Lai et al. (2019) conducted a meta-
analysis of co-occurring mental health diagnoses in the
autistic population. The researchers reviewed 96 stud-
ies (national and international) and reported co-occurring
autism and mental health conditions at the rates of: anxi-
ety (20%), depression (11%), bipolar disorder (5%), obses-
sive—compulsive disorder (9%), and schizophrenia (4%). Of
note, Havdahl and Bishop (2019) published concern about
the data-analysis used by Lai et al. (2019) along with a con-
clusion that inconsistencies in the methods, conditions and
reporting of autism and co-occurring diagnoses throughout
the research literature have contributed to a state of vari-
ability in reported prevalence. Discussion of prevalence vari-
ability is evident throughout the synthesis literature. Hossain
et al. (2020), for example, considered the co-occurrence of
mental health conditions among autistic people of all ages
and countries in an umbrella review and reported significant
prevalence variability: eight included reviews reported on
anxiety with rates ranging from 1.5% to 54%; six reviews
reported on depression with rates ranging from 2.5% to
47.1%; and five reviews reported on suicidal ideation with
rates ranging from 10.9% to 66% (Hossain et al., 2020).
Among the few identified studies considering mental
health and co-occurring autism and ADHD diagnoses,
Zablotsky et al. (2020) found that 42% of school-age youth
with co-occurring autism and ADHD diagnoses also had a
co-occurring anxiety disorder as reported by their parents.
Additional research to understand national mental health
prevalence data appears warranted and may further support
the development and provision of holistic mental health sup-
ports and services for our school-age neurodivergent youth.

Sex Difference and Global Prevalence
of Autism

In terms of sex differences, adolescent nonautistic females
have been found to be more likely to experience depres-
sion (Pontes et al., 2020) and anxiety (Jacques & Mash,
2004). Sex differences among autistic youth in relation to
mental health have been less commonly explored, however,
as females are less frequently diagnosed as autistic and/or
ADHD. Global estimates for autism are difficult to ascer-
tain and compare due to the variability in the data sources
and diagnostic criteria over time. Using data from a 2010
Global Study (Vos et al., 2012) and numerous other data
sources—985 articles screened and 69 reviewed—Baxter
and colleagues (2015) estimated the global prevalence of
autism at 7.6 per 1000 persons (1/132). When the prevalence
of diagnoses was measured using DSM or ICD codes, the
prevalence decreased to 2.4/1000 persons (95% UI 2.3-2.6)
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(Baxter et al., 2015). In terms of sex differences, males
had three times the diagnoses compared to females (3.6
per 1000, 95% UI 3.4-3.9 for males; 1.2 per 1000, 95% UI
1.2-1.3 for females) (Baxter et al., 2015). Data were similar
over time (1990 to 2010) and regardless of location, how-
ever, it should be noted that most of the early data were from
high-income countries only. Sex disparities may be in part
a result of autistic females more commonly engaging in the
social camouflaging of their autistic characteristics, a strat-
egy of concern as social camouflaging has been linked to
increased anxiety and depression (Tubio-Fungueirifio et al.,
2020). More research is needed to understand the impact
of autism, ADHD and gender on adolescent mental health.

Aims

The present study explores the prevalence of autism, ADHD,
anxiety, and depression in a national dataset of US school-
age youth, aged 12—17. The Centers for Disease Control and
Prevention (CDC, 2022) report anxiety and depression as
primary conditions impacting the well-being of adolescents
age 12—17. Specifically, the CDC reports 37% of adoles-
cents age 12—17 experience “persistent feelings of sadness
or hopelessness” (2022). In alignment with the CDC report-
ing and the available dataset the present analysis of data
from the National Survey of Children’s Health reports upon
anxiety and depression among autistic and ADHD adoles-
cents age 12—-17. A focus on prevalence rates of anxiety and
depression among autistic youth and youth with ADHD
may lead to understanding school-age youth experiences,
to recognizing mental health needs, and to the provision of
proactive holistic supports and services.

This study has four aims: (1) to examine the co-occurring
prevalence of autism and ADHD among U.S. adolescents
12-17 years, along with consideration of sex, (2) to exam-
ine the prevalence of mental health conditions (e.g., anxi-
ety and depression) co-occurring among U.S. school-age
adolescents 12—17 years with neither autism nor ADHD,
ADHD no autism, autism no ADHD, and both autism and
ADHD, (3) to examine sex differences in the prevalence of
anxiety and depression among US adolescents stratified by
autism and ADHD, and (4) to estimate additive interactions
between autism and ADHD on anxiety and depression sepa-
rately among male and female US adolescents 12 -17 years.

Taken together, these analyses investigate the extent to
which autism and ADHD co-occur among US adolescents
and the extent to which autism and ADHD jointly are associ-
ated with increased anxiety and depression among US ado-
lescents. To our knowledge there is a scarcity of research
using large national data sets to examine the prevalence of
co-occurring autism, ADHD, anxiety, and depression among
school-age youth. An investigation of national prevalence

rates can support the prioritization of understanding and
resources for youth with co-occurring diagnoses.

Methods
Dataset

This research used four years of data from the National Sur-
vey of Children’s Health (NSCH) (2016-2019) (CAHMI,
2022). The NSCH is an annual cross-sectional survey that
is nationally representative of US children zero to seventeen
years. The survey is administered by the Census Bureau and
sponsored by the Maternal and Child Health Bureau of the
Health Resources and Services administration (HRSA) (US
Census Bureau, 2022). The data were downloaded from the
website maintained by the Children and Adolescent Health
Measurement Initiative (CAHMI) (CAHMI, 2019, 2021). A
concatenated dataset was prepared with data from the survey
years 2016 to 2019 (n=131,774). (Note: The number of
children ages 12—17 in this dataset, n=154,434). For this
research we restricted analyses to school-age youth who
were between the ages of 12 and 17 (both inclusive) whose
adult household respondents completed the SCH-T3 survey.

NSCH randomly samples US households and administers
surveys by mail, the telephone, or the Web. This survey over-
samples children ages zero to five, and those with special
health care needs. Documentation of the NSCH sampling
design, data collection methodology, and variables measured
are available elsewhere (CAHMI, 2022; US Census Bureau,
2022). The NSCH contains various items that measure the
child’s physical and mental health, access to quality health
care as well as the child’s family, neighborhood, social, and
school context. The nationally representative NSCH datasets
contain sampling design variables and sample weights (to
adjust for nonresponse and for oversampling); these sam-
pling design variables and sample weights need to be used
for the estimation of population statistics.

Study Variables
Autism

Survey respondents who completed the SCH T3 survey (on
behalf of a child 12 to 17 years old) were asked, “Has a
doctor or other health care provider EVER told you that this
child has Autism or Autism Spectrum Disorder (autism)?
Include diagnoses of Asperger’s Disorder or Pervasive
Development Disorder (PDD).” If the household respond-
ent answered “Yes” to this question, the child was coded
as “Yes” for autism. If the household respondent answered
“No” to this question, the child was coded as “No” for
autism.
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ADHD

Survey respondents were asked, “Has a doctor or other
health care provider EVER told you that this child has Atten-
tion Deficit Disorder or Attention Deficit/Hyperactivity Dis-
order, that is ADD or ADHD?” Responses were coded “Yes”
or “No” for ADHD.

Anxiety

Survey respondents were asked, “Has a doctor or other
health care provider EVER told you that this child has Anxi-
ety Problems?” Responses were coded “Yes” or “No” for
anxiety.

Depression

Survey respondents were asked, “Has a doctor or other
health care provider EVER told you that this child has
Depression?” Responses were coded “Yes” or “No” for
depression.

The other variables used for this research include sex, age,
and race/ethnicity. Sex was recorded in the dataset as binary:
male or female. The race/ethnicity variable used for analyses
had 4 categories, non-Hispanic White, non-Hispanic Black,
Hispanic, and non-Hispanic Other (the latter included eve-
ryone not in one of the three previous categories). Age was
recorded as years. For analytic purposes, autism, ADHD,
anxiety, depression, sex, age, and any two-way interactions
were coded as categorical variables.

Analyses

For this research, multi-year analyses were performed as
described (US Census 2021). Multivariate analyses were
performed with R and the R survey package, which incor-
porate the sampling design variables and sampling weights
and generate nationally representative weighted estimates
(Lumley, 2020; R Core Team, 2020). The R survey pack-
age function, “svypredmeans,” was used to estimate aver-
age predicted marginal percentages, and the R survey pack-
age function, “svycontrast,” was used to estimate adjusted
risk differences, and their respective confidence intervals
as described (Bieler et al., 2010; Lumley, 2018) (Note:
White = Non-Hispanic White, Black =Non-Hispanic Black,
other = Non-Hispanic other).

Rationale for Estimation of Additive Interactions
and Average Marginal Percentages

Strengthening the Reporting of Observational Studies in Epi-

demiology (STROBE) guidelines recommend that research-
ers always report additive interactions (Vandenbroucke et al.,
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2007). For example, the absence of an additive interaction
between autism and ADHD on anxiety implies that the
increase in anxiety (difference in the percentage of ado-
lescents with diagnosed anxiety, autism minus no autism)
does not vary if the adolescents either have or do not have
ADHD. Thus, if RD, is the risk (percentage) difference for
the effect of autism on anxiety among persons with ADHD
and RDy,, is the risk (percentage) difference for the effect
of autism on anxiety among persons without ADHD, then,
if there is no additive interaction, the difference, RD,-
RDy,5 =0 (Rothman, 2014; Rothman et al., 1980). A sig-
nificant additive interaction implies that the 95% CI for the
difference RD,— RDy,A does not include 0. This research
follows STROBE guidelines and reports risk differences and
additive interactions. Researchers recommend that average
predicted marginal percentages (marginal percentages) be
reported when researchers analyze data with binary depend-
ent variables (Bieler et al., 2010; Leeper et al., 2018; Lum-
ley, 2018; Norton et al., 2019). Therefore, this research also
reports average predicted marginal percentages (adjusted for
covariates); also referred to as adjusted percentages.

Findings

Prevalence and Co-occurrence of Autism and ADHD
by Sex among US Adolescents 12-17 years

Table 1 and Fig. 1A summarize the prevalence and co-occur-
rence of autism by sex and ADHD among US adolescents
12-17 years. Overall, autism and ADHD are each more com-
monly diagnosed among US male adolescents: Among male
or female adolescents, autism is significantly more com-
monly diagnosed among adolescents also diagnosed with
ADHD. Among female adolescents the prevalence of autism
is 9.5% among those with ADHD and 0.6% among those
without ADHD. Among male adolescents the prevalence of
autism is 15.4% among those with ADHD and 3.4% among
those without ADHD. The increase in prevalence of diag-
nosed autism associated with ADHD is not significantly dif-
ferent in female adolescents (8.9%) than in male adolescents.

Table 1 and Fig. 1B summarize the prevalence and co-
occurrence of ADHD by sex and autism among US ado-
lescents 12—17 years. Among male or female adolescents,
ADHD is also significantly more commonly diagnosed
among autistic adolescents (Table 1 and Fig. 1B). Among
female autistic adolescents the prevalence of ADHD is
57.4% and among nonautistic females the prevalence of
ADHD is 7.5%. Among male autistic adolescents the preva-
lence of ADHD is 49.1% and among nonautistic males the
prevalence of ADHD is 15.6%. The increase in prevalence
of diagnosed ADHD associated with autism is significantly
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Table 1 Prevalence and Co-occurrence of Autism and ADHD Among US Adolescents 12-17 Years by Sex (NSCH 2016-2019)

Sex Prevalence of autism — % (SE) Percentage difference in autism prevalence
All adolescents Adolescents with ADHD-no ADHD Interaction: female sex x ADHD
ADHD No ADHD RD [95% CI] t p AI_RD [95% CI] t p
Female 1.3 (0.13) 9.5 (1.29) 0.6 (0.09) 8.9[6.3,11.4] 6.88 <.001 -3.2[-6.5,0.1] -1.91 .057
Male 5.5(0.38) 15.4 (1.05) 3.4 (0.40) 12.1[10.0, 14.2] 11.17 <.001
Sex Prevalence of ADHD—% (SE) Percentage difference in ADHD prevalence
All adolescents Adolescents with Autism-no autism Interaction: female sex x autism
Autism No autism RD [95% CI] t p AI_RD [95% CI] t p
Female 8.2 (0.34) 57.4(5.21) 7.5(0.33) 49.9 [39.7, 60.1] 9.56 <.001 16.5 [4.5, 28.5] 2.69 .007
Male 17.4 (0.48) 49.1 (3.20) 15.6 (0.48) 33.4[27.1,39.8] 10.34 <.001

% = average marginal predicted percentage of adolescents with autism or ADHD (Attention Deficit Hyperactivity Disorder), SE = standard error,
RD =risk (percentage) difference in prevalence of ASD or ADHD, 95% CI=95% confidence interval, t =t statistic, p =probability level (signifi-
cance), AI_RD =additive interaction (RD Female — RD Male), all percentages and statistics weighted to original sample

Fig.1 A Average Marginal
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greater in female adolescents (49.9%) than in male adoles-
cents. See Table 1 and Fig. 1B.

Prevalence of Anxiety by Sex, Autism and ADHD

Table 2 and Fig. 2A summarize the prevalence of anxiety by
sex, autism and ADHD among US adolescents 12—17 years.
Overall, anxiety was more prevalent among female adoles-
cents (15.3%) than among male adolescents (11.5%). Anxi-
ety was more prevalent among female adolescents than
among male adolescents. This includes autistic and nonau-
tistic adolescents with and without ADHD. There was no
significant sex difference in the prevalence of anxiety among
adolescents diagnosed autistic and ADHD (female=71.6%
versus male =69.2%).

Prevalence of Depression by Sex, Autism and ADHD

Table 2 and Fig. 2B summarize the prevalence of depres-
sion by sex, autism and ADHD among US adolescents
12-17 years. Overall, depression was more prevalent among
female adolescents (9.8%) than among male adolescents
(2.7%). Depression was more prevalent among females
than among males in autistic adolescents with and with-
out ADHD, and nonautistic adolescents with and without
ADHD. Depression was most prevalent among autistic ado-
lescents with co-occurring ADHD, however, there was no
significant sex difference in the prevalence of depression
(38.3% female; 38% male).

Association Between Autism and Anxiety by ADHD
Among Male and Female Adolescents

Male Adolescents

Table 3 and Fig. 3A summarize the association between
autism and anxiety by ADHD and sex among US adoles-
cents 12—17 years. Among male adolescents, there is a large
and significant positive association between autism and
anxiety (anxiety diagnosis: autistic males=51.7%, nonau-
tistic males =9.2%. Autism is strongly associated with an
increase in anxiety in male adolescents with ADHD (anxi-
ety diagnosis: autistic and ADHD males =69.2%, nonau-
tistic and ADHD males =27.3%. Autism is also strongly
associated with an increase in anxiety in male adolescents
without ADHD (anxiety diagnosis: autistic males without
ADHD =36.7%, nonautistic males without ADHD =5.9%.
There was no significant additive interaction between autism
and ADHD among male adolescents; the risk difference
(increase) in anxiety associated with autism was not sig-
nificantly greater among males with ADHD (41.9%) than
among males without ADHD (30.8%).

Female Adolescents

Among female adolescents, there is also a large and sig-
nificant positive association between autism and anxiety
(anxiety diagnosis: autistic females =67.3%, nonautistic
females = 14.7%. Autism is strongly associated with an
increase in anxiety in female adolescents with ADHD (anxi-
ety diagnosis: autistic females with ADHD =71.6%, nonau-
tistic females with ADHD =43.7%. Autism is also strongly
associated with anxiety in female adolescents without
ADHD (autistic females with and without ADHD =62.0%,

Table 2 Prevalence of Anxiety or Depression Among US Adolescents 12—17 Years by Sex, Autism and ADHD (NSCH 2016-2019)

Sex All adolescents Adolescents diagnosed with

Neither autism nor ADHD ADHD No autism Autism no ADHD Autism and ADHD
Prevalence of anxiety
Female—% (SE) 15.3 (0.45) 12.4 (0.45) 43.7 (2.00) 62.0 (8.32) 71.6 (6.44)
Male—% (SE) 11.5(0.42) 5.9 (0.35) 27.3 (1.37) 36.7 (5.44) 69.2 (2.80)
RD [95% CI] 3.812.6,5.0] 6.5[5.3,7.6] 16.4[11.8,21.1] 25.3[5.9, 44.8] 23[-114,16.1]
t(p) 6.22 (<.001) 11.29 (<.001) 6.88 (<.001) 2.56 (.011) 0.33 (.739)
Prevalence of depression
Female—% (SE) 9.9 (0.40) 7.8 (0.40) 30.9 (1.84) 31.2 (8.03) 38.8 (5.52)
Male—% (SE) 7.1 (0.35) 3.6 (0.34) 19.5 (1.23) 10.4 (2.19) 38.3 (3.74)
RD [95% CI] 2.7[1.7,3.8] 4.2[3.1,5.2] 11.4[7.1, 15.6] 20.8 [4.5,37.1] 0.5 [-12.6, 13.5]
t(p) 5.15 (<.001) 7.92 (<.001) 5.22 (<.001) 2.50 (.013) 0.07 (.942)

% = Average predicted marginal percentage of adolescents who have anxiety or depression, SE = standard error, RD =risk difference

(Female—Male), 95% CI1=95% Confidence Interval, t=t statistic, p=probability (significance level), all percentages and statistics

weighted to original sample
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Fig.2 A Sex Differences in
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nonautistic females without ADHD =12.4%. There was a
significant negative additive interaction between autism
and ADHD among female adolescents; the risk difference
in anxiety associated with autism was significantly smaller
among females with ADHD (27.8%) than among females
without ADHD (48.7%).

Association Between Autism and Depression
by ADHD among Male and Female Adolescents

Male Adolescents

Table 3 and Fig. 3B summarize the association between
autism and depression by ADHD and sex among US

ADHD

adolescents 12—17 years. Among male adolescents, there is a
large and significant association between autism and depres-
sion (depression diagnosis: autistic males =24.3%, nonautis-
tic males=6.1%. Autism is strongly associated with depres-
sion in male adolescents with ADHD (autistic males with
ADHD =38.3%, nonautistic males with ADHD =19.5%.
Autism is also strongly associated with depression in
male adolescents without ADHD (autistic males without
ADHD = 10.4%, nonautistic males without ADHD =3.6%.
There was a significant positive additive interaction between
autism and ADHD among male adolescents; the risk differ-
ence in depression associated with autism was significantly
greater among males with ADHD (18.7%) than among males
without ADHD (6.8%).
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Table 3 Association between Autism and Anxiety or Depression by ADHD Among Male and Female US Adolescents 12-17 Years

ADHD % (SE) Percentage difference: autism—no autism Interaction: autism x ADHD
Autism No autism RD [95%CI] t P AIC_RD [95%CI] t P
Prevalence of Anxiety
Male Adolescents
All 51.7 (3.28) 9.2 (0.37) 42.5[36.1, 49.0] 12.89 <.001
ADHD 69.2 (3.74) 27.3 (1.37) 41.9[35.9, 48.0] 13.51 <.001 11.1 [-1.2,23.5] 1.77 .076
No ADHD 36.7 (5.44) 5.9 (0.35) 30.8 [20.1, 41.5] 5.63 <.001
Female adolescents
All 67.3 (5.02) 14.7 (0.45) 52.6 [42.7,62.4] 10.44 <.001
ADHD 71.6 (6.44) 43.7 (2.00) 27.8 [14.6,41.1] 4.13 <.001 —21.8 [—42.8, —0.8] —2.04 .042
No ADHD 62.0 (8.32) 12.4 (0.45) 49.7 [33.4, 66.0] 5.97 <.001
Prevalence of depression
Male adolescents
All 24.3 (2.43) 6.1 (0.35) 18.2 [13.3,23.0] 7.37 <.001
ADHD 38.3 (3.74) 19.6 (1.24) 18.7 [11.0, 26.3] 4.77 <.001 11.9 [3.1,20.7] 2.65 .008
No ADHD 10.4 (2.19) 3.6 (0.34) 6.8[2.4,11.1] 3.04 .002
Female adolescents
All 35.3 (4.51) 9.4 (0.40) 25.9[17.0, 34.8] 5.73 <.001
ADHD 38.8 (5.52) 30.9 (1.85) 7.9[-3.5,19.2] 1.36 175 —15.6 [-35.0, 3.9] -1.57 116
No ADHD 31.2 (8.03) 7.8 (0.40) 23.4[7.7,39.2] 291 .004

% = Average predicted marginal percentage of male (female) adolescents who had anxiety or depression adjusted for Age, Race, and Survey
Year, SE=Standard error of estimate, RD =Risk Difference (Autism—No Autism), 95% CI=95% Confidence Interval, t=r statistic, p=prob-
ability (significance level), AIC_RD = Additive Interaction Contrast, all percentages and statistics weighted to original sample

Female Adolescents

Among female adolescents, there is also a large and sig-
nificant association between autism and depression
(depression diagnosis: autistic females =35.3%, nonautis-
tic females =9.4%. Autism is not significantly associated
with depression in female adolescents with ADHD (autis-
tic females with ADHD =38.8%, nonautistic females with
ADHD =30.9%. Autism, however, is significantly associ-
ated with depression in female adolescents without ADHD
(autistic females without ADHD =31.2%, nonautistic
females without ADHD =7.8%. There was no significant
negative additive interaction between autism and ADHD
among female adolescents; the risk difference in depression
associated with autism was not significantly smaller among
females with ADHD (7.9%) than among females without
ADHD (23.4%).
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Discussion
Key Findings
High Prevalence of Co-Occurring Autism and ADHD

Previous research by Zablotsky and colleagues (2020) esti-
mated that 10% of adolescents aged 12—17 with ADHD have
a co-occurring autism diagnosis. The present research aligns
with these findings but further identifies the significant vari-
ation by sex with 9.5% of females and 15.4% of males diag-
nosed with ADHD and autism. Most notably, over half of
autistic females (57.4%) and nearly half of autistic males
(49.1%) are also diagnosed with ADHD, compared to 7.5%
of nonautistic females and 15.6% of nonautistic males.

Increasing Prevalence of Co-Occuring Anxiety
in either Autism or ADHD

The results of the present study suggest an increasing trend
in anxiety among youth with co-occurring autism and
ADHD. While Zablotsky et al. (2020) report anxiety of
youth from the 2014 national survey at a concerning rate
of 42%, results of the present study report anxiety of youth
from the 2016-2019 national dataset even higher. Female
autistic students with ADHD had the highest co-occurrence
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Fig.3 A Association Between
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of anxiety at an alarming 72%, a six-fold increase when com-
pared to anxiety in 12% of those without autism or ADHD
diagnoses, followed by autistic females with no ADHD at
62%. Among autistic male students with ADHD, 69% expe-
rienced co-occurring anxiety, twelve-times the prevalence of
anxiety when compared to 6% of nonautistic males without
ADHD. Autistic males without ADHD had co-occurring
anxiety at 37%.

A diagnosis of ADHD without autism was also notable
in its high prevalence of co-occurring anxiety: 44% among
females (compared to 12% of those with neither autism nor
ADHD diagnoses); 27% among males (compared to 5.9% of
those with neither autism nor ADHD diagnoses). Similarly,
Zablotsky et al. (2020) report co-occurring anxiety in youth

Male Female
49.7
41.9 I
30.8
27.8
11.2
-21.8
RD:ADHD (Adolescents with  RD:NoADHD (Adolescents AIC: Autism x ADHD
ADHD) with No ADHD) RD:ADHD-RD:NoADHD
Male = Female
234
18.7
11.9
7.9
6.51
-15.5

RD:ADHD (Adolescents RD:NoADHD (Adolescents AIC: Autism x ADHD
with ADHD) with No ADHD) RD:ADHD-RD:NoADHD

with ADHD (no autism) at 22.3%. Of note, females have
higher co-occurring mental health support needs across all
groups. Our results align with van Steensel and colleagues’
earlier study (2013) in which autistic youth (7—18 years) had
higher rates of anxiety compared to those with ADHD.
This is the first study to our knowledge that identifies
the surprisingly high prevalence of anxiety in male and
female autistic adolescents with ADHD (69-72%) and in
female autistic adolescents without ADHD (62%). Note that
the prevalence of anxiety among autistic adolescents with
ADHD does not really vary by sex (72% versus 69%). In
contrast the prevalence of anxiety among nonautistic ado-
lescents without ADHD is roughly twice as high among
females than among males (12% versus 6%). This is the
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also the first study to our knowledge that identifies the sur-
prisingly high prevalence of depression in male and female
autistic adolescents with ADHD (38% to 39%) and in female
autistic adolescents without ADHD (31%). Note that the
prevalence of depression among autistic adolescents with
ADHD does not really vary by sex (39% versus 38%). In
contrast the prevalence of depression among non-autistic
adolescents without ADHD is roughly twice as high among
females than among males (8% versus 4%). Estimation of
additive interaction effects enabled us to show that joint
effects of autism and ADHD on anxiety or depression var-
ied by sex.

High Prevalence of Depression Among Youth
with both Autism and ADHD

Male and female adolescents with co-occurring autism
and ADHD both had a high prevalence of depression
with no significant difference by sex (Males =38.3%;
Females =38.8%). Notably, autistic males with ADHD had
ten-fold the increased prevalence in depression compared to
depressed nonautistic males without ADHD (38.3% com-
pared to 3.6%). Autistic females with ADHD had nearly
five-fold the increased prevalence in depression compared
to nonautistic females without ADHD (38.8% compared to
7.8%). To our knowledge this is addressing an important
gap in the literature representing the stark differences in
depression diagnosis in those with co-occurring autism and
ADHD compared to those without. Additionally, findings
address an important gap in the literature representing the
stark differences overall and by sex in depression diagnosis
in those with co-occurring autism and ADHD compared to
those without.

Implications for Practice

The increasing prevalence of anxiety and depression among
school-age autistic youth with and without ADHD identified
in the present study has implications for healthcare provid-
ers, parents and educators. Specifically, findings align with
the need identified by Hossain et al. (2020) to proactively
identify mental health needs of our autistic and ADHD youth
at the onset and not to misinterpret symptoms of anxiety and
depression as other disability related characteristics. Find-
ings support a need to educate health-care providers, parents
and educators about identifying mental health needs and pro-
viding holistic supports. Examples of holistic mental health
supports recommended for autistic youth with and without
ADHD in the research literature include community-based
care, trauma-informed instruction (Gotham et al., 2020;
Gunin et al., 2021), exercise (Spratt et al., 2018), counseling,
cognitive behavior therapy, emotional support animals,
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mentoring programs, online resources, and support groups
provided with consideration of service delivery modalities
preferred by the individual (Kuder et al., 2021).

Given the high co-occurrence of mental health conditions
with autism and ADHD and the potential negative impact on
social and daily living, a high index of suspicion for anxiety
and depression is important for every child diagnosed with
autism or ADHD. Broader mental health screening practices
for children diagnosed with autism to identify co-occurring
ADHD is justified (Antshel et al., 2019; Antshel & Russo,
2016). Identifying and treating anxiety and depression early
may result in better outcomes, for example related to social
functioning (Hillman, 2020; McGillivray, 2014) or in the
area of academic performance also found to be impacted by
mental health conditions (Kuder et al., 2021).

Death by suicide as the second leading cause of death
among adolescents (Hedegaard et al., 2021) identifies the
importance of early identification of anxiety and depression
in autistic adolescents with ADHD as even more impor-
tant. Furthermore, recent findings from a Danish national
study estimated that autistic individuals have a higher rate
of both suicide attempts and death by suicide, and this rate
further increases if a person had a psychiatric co-morbidity
(Adjusted Incident Rate Ratio [aIRR] of 1.33 compared to
9.27) (Kolves et. al., 2021). Similarly, college medical stu-
dents (N=5693) in China found those with self-reported
ADHD had higher rates of suicidal ideation (27.5%) and
attempts (14.8%) compared to those without ADHD (Shen
et al., 2021). In contrast to the Kolves et al. study (2021),
the suicide attempt risk was independent of other risk factors
such as depression and anxiety (Shen et al., 2021).

Autistic youth and young adults report being stigmatized
by their diagnoses, report bias, discrimination and a lack of
social inclusion leading to the need to mask or camouflage
their autism, all of which impacts their mental health (Kuder
et al., 2021). Findings call for educators and health care pro-
viders to support school-aged youth within education and
health-care systems that focus on the strengths of autism,
disability as diversity, and self-advocacy skills.

Future Research

This research highlights the importance of positioning
autism and ADHD as overlapping yet distinct valuable neu-
rodevelopmental differences that share common co-occur-
ring mental health conditions such as anxiety and depres-
sion. Further research is needed to explore this intersection
of diagnoses, to identify best practices for screening and to
identify holistic supports and services. Due to the heteroge-
neity of these diagnoses, identifying mental health condi-
tions and providing supports proactively for autistic youth
with and without ADHD is complex, compounding the need
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for participatory research methods recommended by neuro-
diversity scholars as essential (Fletcher-Watson, 2019).

In the present analysis, sex differences were significant
and autistic females experienced increased anxiety and
depression. This finding warrants further exploration of
associations among autism, mental health and gender espe-
cially given that research focused on trans identity reports
gender variance as more common among autistics and peo-
ple with ADHD (Strang et al., 2014) as well as heightened
depression and anxiety among autistic people with gender
variance (Murphy et al., 2020). While the present study was
limited by the available NSCH data categories of male and
female, a need emerges for future surveys to expand gender
categories and for research around mental health, autism and
ADHD to routinely consider intersecting gender identities.

Future research should also explore underlying factors
that impact the health outcomes of this population. For
example, adolescents with and without autism and ADHD
are vulnerable to various forms of victimization such as
school bullying, which impacts mental health, including sui-
cidal behaviors (Montes & Halterman, 2007; Pontes et al.,
2018). Suicide prevention in this population is a critical area
for future research to identify best practices in the clinical,
educational and community settings to mitigate this risk fac-
tor and improve sense of well-being for adolescents who
have been victimized. Future research is warranted to iden-
tify best trauma-informed approaches within this population
(Langenfeld, 2021).

Future research to explore if factors that impact mental
health are exacerbated for autistic individuals and individu-
als with ADHD is also warranted, including sleep problems
(Green et al., 2016; Thomas et al., 2018), lack of physical
activity (Must et al., 2014), use of excessive screen time
(Dong et al., 2021), social isolation and loneliness (Erzen &
Cikrikci, 2018), and poor nutrition (Réastam, 2013).

Maddox and colleagues (2020) found that healthcare
workers declined seeing autistic clients for mental health
conditions due to misconceptions around supporting autis-
tic people. Findings of the present study strengthen and
expand the recommendation of Maddox et al. (2020) for
future research to focus on training healthcare workers and
educators in how to recognize mental health conditions of
autistic youth with and without ADHD and in providing
related individualized proactive and holistic supports.

Limitations

This research using the National Survey of Children’s Health
has several limitations. As a secondary data analysis, it is
limited by the ability to alter, add, or drop questions. The
participants in the survey are parents of school-age youth
and are not self-reports of the youth, which may risk

under-reporting from memory errors or social desirability
bias. Furthermore, reporting on anxiety and depression is
based on a clinical diagnosis, which may underreport true
prevalence of anxiety and depression, especially among
those who have lower socioeconomic status or access to
health care services. Davidsson et al. (2017) in a small
clinical study of adolescents (N =65) estimated one-third
of the adolescents had mental health symptoms not recog-
nized by the parents, especially among males. There is the
potential that incorrect diagnoses provided by parents may
have inflated or underestimated rates of anxiety, depression,
autism and ADHD. In addition, diagnoses of autism, ADHD,
anxiety and depression may have been influenced by access
to healthcare which is influenced by family income and
parental education.

Conclusions

The present study identified heightened rates of anxiety and
depression among autistic youth and/or youth with ADHD
via a large, nationally representative and generalizable data
set.

Most notably, youth with both autism and ADHD have
higher levels of anxiety and depression compared to those
with autism or ADHD, but not both, which highlights the
importance of identifying co-occurring ADHD in autis-
tic adolescence. A major contribution of this paper is the
use of additive interactions—recommended by STROBE
guidelines—to examine additive impacts of co-occurring
autism and ADHD on anxiety and depression among male
and female youth. Using this approach, we identified sig-
nificant differences in these effects in males compared to
females. Future research should use statistical measures
such as additive interactions to further test these relation-
ships, and identify disparities by sex, race and other deter-
minants of health. This research also strengthens a need to
build awareness of co-occurring mental health conditions
in neurodivergent school-age youth and to develop ways to
educate the healthcare, education and wider community to
recognize and support these needs. Research, development
and implementation of systems and practices that recognize
anxiety, depression and other mental health conditions as
separate from autism and/or ADHD, that screen for mental
conditions and that provide autistic people with and without
ADHD with proactive and holistic mental health supports
is recommended.
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