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Benjamin E. Yerys1,2 · Jenelle Nissley-Tsiopinis3 · Ashley de Marchena1,4,8 ·  
Marley W. Watkins5 · Ligia Antezana1,7 · Thomas J. Power2,3,6 ·  
Robert T. Schultz1,2,6

underlying factor structure in 386, 7–17 year olds with ASD 
without intellectual disability. Expected parent prevalence 
rates, relationships with age and externalizing behaviors were 
observed, but confirmatory factor analyses revealed unsatis-
factory fits for one-, two-, three-factor models. Exploratory 
analyses revealed several items cross-loading on multiple 
factors. Implications of screening ADHD in youth with ASD 
using current diagnostic criteria are discussed.
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Introduction

The 5th edition of the Diagnostic and Statistical Manual 
of Mental Disorders (DSM-5; American Psychiatric Asso-
ciation 2000), unlike the 4th edition, permits the concurrent 
diagnosis of autism spectrum disorder (ASD) and attention 
deficit/hyperactivity disorder (ADHD). In the context of an 
evaluation clinicians attempt to distinguish whether ASD 
and ADHD symptom endorsement reflects the true pres-
ence of both disorders, whether parents endorse a particu-
lar behavior as supporting symptoms for both disorders, or 
whether the presence of one disorder leads to expression of 
symptoms in the other (behavioral phenocopy). However, 
there is no empirical evidence demonstrating that existing 
ADHD rating scales measure the same constructs in the 
ASD population as in the general population, and thus that 
they are valid for assessing ADHD in those with ASD.

Although the wording of individual symptoms for inat-
tention and hyperactivity/impulsivity do not overlap with 
those for ASD, it is important to note that the vast major-
ity of ADHD symptoms occur in a social context. Thus, 
symptoms might be endorsed on a questionnaire due to 

Abstract Scientists and clinicians regularly use clinical 
screening tools for attention deficit/hyperactivity disorder 
(ADHD) to assess comorbidity without empirical evidence 
that these measures are valid in youth with autism spec-
trum disorder (ASD). We examined the prevalence of youth 
meeting ADHD criteria on the ADHD rating scale fourth 
edition (ADHD-RS-IV), the relationship of ADHD-RS-IV 
ratings with participant characteristics and behaviors, and its 
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disorders. Thus, there is a critical need for establishing its 
validity in ASD populations. It is important to know if elevated 
scores on the ADHD-RS-IV stem from different sources in 
those with ADHD and those with ASD; in other words, does 
this scale measure the same underlying constructs in both pop-
ulations or are the ADHD symptoms exhibited by those with 
ASD different in important ways. This study characterizes 
caregiver and teacher ADHD-RS-IV ratings in a relatively 
large ASD sample (N = 386). We tested whether our sample 
was consistent with others that found ~30–50 % of youth with 
ASD exhibited clinically elevated ADHD symptoms (Leyfer 
et al. 2006; Sinzig et al. 2009). In addition, we tested facto-
rial validity with confirmatory and exploratory factor analy-
ses to determine whether the ADHD-RS-IV captures the 
same underlying constructs of Inattention, Hyperactivity, and 
Impulsivity in youth with ASD across caregiver and teacher 
ratings, as it does in community-based and ADHD samples. 
Consistent with the ADHD literature, we also sought to con-
firm a relationship between greater ADHD symptoms and 
greater executive function impairments (Doyle et al. 2005; 
Willcutt et al. 2005) and greater externalizing behavior prob-
lems (Reiersen and Todorov 2013). We measured executive 
function and externalizing behaviors with the BRIEF (Gioia 
et al. 2000) and the Behavior Assessment System for Chil-
dren-2nd Edition (Reynolds and Kamphaus 2004), respec-
tively. Demonstrating this set of relationships would suggest 
that the behaviors captured by the ADHD-RS-IV might stem 
in part from impaired attention and hyperactivity/impulsiv-
ity in youth with ASD, just as it does in community-based 
and ADHD samples. Our null hypothesis was that the two-
factor model described in DSM-5 would be the best fit in the 
ASD sample, just as it is in community and ADHD popu-
lations (DuPaul et al. 2016, 1998; Willcutt et al. 2014). We 
also tested whether common findings in the ADHD literature, 
such as decreasing Hyperactivity/Impulsivity behaviors with 
age, were present in ASD.

Method

Participants

ADHD-RS-IV caregiver ratings were available for 386 youth 
with ASD, and teacher ratings were available for a subset of 
203 (see Table 1). The 203 with both caregiver and teacher 
reports did not differ in age, sex-ratio, or IQ from the 183 with 
caregiver reports only (see Supplementary Information—
Table S1). There were small but significant differences in cur-
rent ASD presentation, such that those with both caregiver 
and teacher versions of the ADHD-RS-IV scale had slightly 
higher levels of symptoms (Cohen’s d ≤ 0.25). To ensure that 
these small differences did not significantly influence results, 
all analyses of the caregiver version were conducted twice: 

impairments in social skills and not to underlying dif-
ficulties with inattention and impulsivity/hyperactivity. 
For example, ADHD symptoms of “Is easily distracted,” 
“Has difficulty sustaining attention to activities or play,” or 
“Does not seem to listen when spoken to directly” may be 
observed by a caregiver or a teacher because the individual 
is inattentive or hyperactive/impulsive, or because the youth 
with ASD lacks social skills to engage and disengage from 
an interaction appropriately. Likewise, respondents contex-
tually interpret questionnaires (Schwarz 2010). Due to the 
complexity of the relationship between ADHD and ASD, it 
is imperative for clinicians and scientists to possess clini-
cal tools for screening/diagnosing ADHD that exhibit the 
expected two-factor structure in youth with ASD. Clinical 
tools with this level of validity will improve clinicians’ con-
fidence in the validity of the scores.

One of the most commonly used screening measures for 
ADHD is the ADHD Rating Scale-Fourth Edition (ADHD-
RS-IV). It has been normed with a community sample in 
both home and school settings, and the two-factor model 
(Inattention and Hyperactivity/Impulsivity) has been vali-
dated in both community (DuPaul et al. 2016, 1998) and 
ADHD samples (Willcutt et al. 2014). Although the ADHD 
Rating Scale has been updated to reflect DSM-5 criteria, 
the core items of the disorder have not changed; modifica-
tions in symptom items in the updated version of the scale 
(ADHD-RS-5) are relatively minor and pertain primarily to 
the wording of items in the adolescent version of the mea-
sure (DuPaul et al. 2016). The ADHD-RS-IV was selected 
in the present study because it includes all 18 ADHD symp-
toms for making a diagnosis whereas many other screeners 
do not (e.g., Child Behavior Checklist). Scores on the hyper-
activity/impulsivity subscale of the ADHD-RS-IV decrease 
with age in the normative sample (DuPaul et al. 1998). The 
ADHD-RS-IV’s construct validity has been established in 
school-age youth with ADHD by demonstrating large posi-
tive correlations between Inattention and Hyperactivity/
Impulsivity scores with the Behavioral Regulation (r = .57–
.70) and Metacognition Indices (r = .59–.85), of the Behav-
ior Rating Inventory of Executive Functions–Parent Form 
(BRIEF; Mahone et al. 2002). Furthermore, consistent with 
the high comorbidity of ADHD and disruptive behaviors, 
elevations in both the Inattentive and Hyperactive/Impul-
sive Subscales of the ADHD-RS-IV have been significantly 
associated with elevations in the Externalizing Problems 
subscale relative to the Internalizing Problems subscale 
of broad screeners (Humphreys et al. 2012; Reiersen and 
Todorov 2013). Thus, validation of the ADHD-RS-IV in 
ASD would require a demonstration of these same relation-
ships across age and measures.

The ADHD-RS-IV is used to inform diagnoses of ADHD 
in ASD for determining treatment options, school-based ser-
vices, and research on shared and unique features of the two 
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Total sample Subset with caregiver and teacher report

Sample size 386 203
Chronological age
Years [M (SD)] 10.54 (3.02) 10.40 (3.11)

Min–Max 6.00–18.83 6.08–18.83
Racea

Asian 6 (1.55 %) 3 (1.48 %)
Black 14 (3.63 %) 5 (2.46 %)
Caucasian 341 (88.34 %) 182 (89.66 %)
Native American 1 (0.26 %) 0 (0.00 %)
Biracial 19 (4.92 %) 9 (4.43 %)
Missing/not reported 5 (1.30 %) 4 (1.97 %)

Ethnicitya

Hispanic 26 (6.74 %) 15 (7.39 %)
Not Hispanic 333 (86.27 %) 174 (85.71 %)
Not reported 27 (6.99 %) 14 (6.90 %)

GCA
M (SD) 100.38 (18.10) 99.81 (17.55)
Min–Max 61–162 67–158

Verbal reasoning
M (SD) 100.80 (18.91) 100.29 (18.03)
Min–Max 60–161 62–161

Nonverbal reasoning
M (SD) 100.83 (17.66) 100.26 (16.84)
Min–Max 61–166 64–166

Spatial reasoning
M (SD) 99.24 (16.05) 99.06 (16.18)
Min–Max 62–150 63–141

Sex-ratio (M:F) 342:44 185:17
ADI-R
Reciprocal social interaction 18.63 (6.14) 18.70 (6.51)
Communication 14.93 (4.70) 14.98 (4.86)
Repetitive behaviors 5.79 (2.46) 5.93 (2.49)

ADOS
Total [M (SD)] 12.24 (4.95) 12.81 (4.92)
Social affect [M (SD)] 9.08 (4.10) 9.44 (4.16)
Repetitive behavior [M (SD)] 3.17 (1.93) 3.38 (1.95)
Calibrated severity score [M (SD)] 6.84 (2.31) 7.07 (2.19)

Age-sexa

6- to 7-year-old males 85 (22.02 %) 51 (25.12 %)
6- to 7-year-old females 2 (0.52 %) 0 (0.00 %)
8- to 10-year-old males 119 (30.83 %) 71 (34.98 %)
8- to 10-year-old females 26 (6.74 %) 9 (4.43 %)
11- to 13-year-old males 84 (21.76 %) 38 (18.72 %)

Table 1 Participant characteristics
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Nonverbal, and Spatial Reasoning domains of the Differential 
Ability Scales—Second Edition (Elliott 2007). Informed con-
sent and assent were obtained from participants in accordance 
with the Children’s Hospital of Philadelphia IRB guidelines.

Measures

ADHD-Rating Scale IV (ADHD-RS-IV; DuPaul et al. 1998) 
home and school versions assess severity of inattention and 
hyperactivity/impulsivity symptoms according to caregiver 
or teacher report, respectively. This 18-question scale yields 
two domains: inattention and hyperactivity/impulsivity. For 
each question, caregivers or teachers use a 0–3 scale to rate 
the participant. A higher score indicates more symptom 
severity. A score of 2 or 3 is considered a significant symp-
tom; six or more significant symptoms in the inattention 
and/or hyperactivity/impulsivity domains is used to deter-
mine whether an individual meets criteria for an ADHD 
diagnosis according to that reporter. Dependent variables 
included the group means of each item (0–3), inattention 
and hyperactivity/impulsiveness total scores (0–27), group 
means of total symptoms endorsed in each domain (0–9), 
and percentages of youth meeting DSM-IV-TR criteria for 
different presentations of ADHD. Data were collected from 
both caregivers and teachers.

Behavior Rating Inventory of Executive Functions—
Parent Form (BRIEF) (Gioia et al. 2000) is an informant 
report of executive function in everyday situations com-
prised of eight scales that are collapsed into two broad 
indices: Behavioral Regulation and Metacognition. Results 
are reported as T-scores. Higher scores indicate greater 
impairment; T-scores ≥65 (i.e., 1.5 SDs ≥ the mean) indi-
cate clinically significant ratings. Dependent variables 
include the two broad indices. Data was collected from 
caregivers only.

Behavior Assessment System for Children–Second Edi-
tion (BASC-2) (Reynolds and Kamphaus 2004) is an infor-
mant report of both adaptive and problematic behaviors in 
everyday settings. Dependent variables include T-scores 
(Mean = 50, SD = 10) from the two broad problem domains: 
Externalizing and Internalizing Problems. Data was col-
lected from caregivers only.

once with the whole group (i.e., those only with caregiver 
report) and once with the subset that had both caregiver and 
teacher report. Youth were recruited for studies at the Center 
for Autism Research at the Children’s Hospital of Philadelphia 
from the Philadelphia metropolitan region of the United States 
by means of flyers, online postings for parent groups and ASD 
groups, and setting up booths at local events for individuals 
with ASD and their families.

Youth in the ASD group met DSM-IV-TR criteria for either 
autism, asperger’s syndrome, or pervasive developmental dis-
order—not otherwise specified (American Psychiatric Asso-
ciation 2000); the Autism Diagnostic Observation Schedule 
(Lord et al. 2000) with the revised diagnostic algorithm that 
parallels the 2nd edition’s algorithm (Gotham et al. 2007) and 
the Autism Diagnostic Interview—Revised (Lord et al. 1994) 
were used by clinicians to inform their judgment when com-
pleting a DSM-IV-TR checklist. Parent report was used to 
determine the presence of comorbid genetic or neurological 
disorders, extreme premature birth (i.e., <32 weeks), or other 
medical conditions that may affect neural development; youth 
whose caregivers reported such conditions were excluded 
from the sample. Eighty-six youth with ASD (22 % of the 
total sample) were prescribed one psychoactive medication, 
and 94 (24 %) were prescribed multiple medications. Regard-
ing ADHD medications, 94 youth (24 %) were prescribed a 
stimulant, 46 (12 %) were prescribed an alpha-2A agonist, 
and 17 (4 %) were prescribed a selective norepinephrine reup-
take inhibitor. Many youth treated for ADHD symptoms were 
prescribed more than one ADHD medication. Because the 
ADHD-RS-IV was developed and validated in a community 
sample of youth from general education classrooms, very few 
youth in the normative sample had comorbid Intellectual Dis-
ability, as is often seen in ASD. It is thus unclear whether the 
ADHD-RS-IV would validly diagnose ADHD in youth with 
significantly impaired IQ. To avoid confounding ASD with 
Intellectual Disability in our analyses of the ADHD-RS-IV, 
we only included participants with IQ > 601 on the Verbal, 

1 A total of 9 children had IQ scores below 70, the traditional cut-off 
for establishing an Intellectual Disability diagnosis. Excluding these 
children had no significant effect on our results. For example, on all 
confirmatory factor analyses changes in fit indices was 0.002 or less. 
For this reason, we elected to include these children in our final sample.

Total sample Subset with caregiver and teacher report

11- to 13-year-old females 11 (2.85 %) 5 (2.46 %)
14- to 17-year-old males 49 (12.69 %) 26 (12.81 %)
14- to 17-year-old females 5 (1.30 %) 3 (1.48 %)

ADI-R autism diagnostic interview-revised; Cut-off scores: reciprocal social interaction = 10; communication = 8; repetitive behaviors = 3
ADOS-2 autism diagnostic observation schedule-2nd edition; ASD cut-off score total = 7
aRaw count (percent sample)

Table 1 (continued) 
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TLI values ≥.95 and RMSEA values ≤.06 would best control 
both Type-I and Type-II errors. If none of the models meet the 
Hu and Bentler (1999) combination rule for an acceptable fit, 
we will conduct an exploratory factor analysis (EFA). In such 
situations, Gorsuch (1997) recommended that a follow-up 
EFA be conducted because parameters that were constrained 
in a CFA (i.e., zero loadings of items onto non-salient fac-
tors) are not restricted in an EFA, allowing identification of 
alternative models or reasons for poor fit (Wegener and Fab-
rigar 2000). Further, Bentler and Wu (2002) noted that EFA 
is superior to CFA modification indices in these measurement 
models. One potential reason for poor fit is when items have 
salient associations with more than one factor (i.e., “cross-
load”). For example, item 12 (“Talks Excessively”) may have 
a moderate association with both factors of Hyperactivity and 
Impulsivity. This cross-loaded item is easy to identify in an 
EFA. Items were considered to saliently load on a single fac-
tor when pattern coefficients ≥.30 (Child 2006).

Finally, we explored two-tailed correlations across care-
giver and teacher forms, as well as commonly observed 
relationships of ADHD symptoms with age and (caregiver) 
ratings of executive function and behavior problems to 
establish construct validity across forms and with estab-
lished measures. Because no differences were observed in 
results between the full sample with the caregiver form and 
the subset that also had teacher forms, we reported correla-
tion analyses on the full sample.

Results

Table 2 provides means and standard deviations of the raw 
scores within each domain (0–27) and a Total combined 
score (0–54) for caregiver and teacher ratings. This table 
also provides estimates of the total number of symptoms 
endorsed in each domain (0–9), and the percentages of 
youth receiving scores above the clinical cut-off (six or more 
symptoms). Caregiver ratings showed that 39 % of youth in 
the sample received scores above the clinical cut-offs for 
Inattention symptoms and 27 % for Hyperactivity/Impulsiv-
ity symptoms, whereas teacher ratings showed only 24 % of 
youth receiving scores above the clinical cut-offs for Inat-
tention symptoms and 13 % for Hyperactivity/Impulsivity 
symptoms. Table 2 also provides further breakdowns by 
DSM-IV-TR ADHD subtypes by each informant, as well as 
use of the “And” and “Or” rules that combines endorsed 
symptoms from either rater. The item endorsed most often as 
clinically elevated by caregivers and teachers was “Is easily 
distracted” (65 % caregiver and 53 % teacher). Youth with 
ASD demonstrated a normal distribution for Inattention and 
Hyperactivity/Impulsivity scales, as well as the Total score 
for caregiver and teacher ratings; detailed breakdown of 
item-level analyses from caregiver and teacher settings can 

Procedures

These measures were completed as part of a larger test bat-
tery from multiple studies at the Center for Autism Research 
(Antezana et al. 2016; Chevallier et al. 2014, 2015; Granader 
et al. 2014; Herrington et al. 2016; Parish-Morris et al. 2013; 
Pugliese et al. 2015). The hospital’s institutional review 
board approved the research protocol. Prior to participation, 
consent was obtained from all legal guardians and assent 
was obtained from all youth ≥7 years.

Analysis Plan

We examined the percentage of youth above clinical cut-offs 
within each domain (i.e., six or more symptoms) and each rat-
ing form. We used both the “And” and “Or” rule for count-
ing symptoms, which represents the most and least stringent 
(but most commonly used) criteria for diagnosis (Lahey et al. 
1994). Using the “And” rule, youth meet criteria for a symp-
tom only if it is endorsed (i.e., score of 2 or 3) by both the care-
giver and the teacher. With the “Or” rule youth meet criteria 
for a symptom if it is endorsed (i.e., score of 2 or 3) by either 
the caregiver or the teacher. We examined the distribution of 
data, means, and standard deviations for the Inattention and 
Hyperactivity/Impulsivity scales, as well as individual items.

To establish factorial validity, confirmatory factor analy-
ses were conducted using one-factor [all 18 items (see Table 
S2) load on a single “ADHD” factor]; two-factor [nine items 
(odd numbers) that correspond to inattention symptoms load 
on one factor labeled “Inattention,” and the six items related 
to hyperactivity (items 2, 4, 6, 8, 10, 12) and three items 
related to impulsivity (items 14, 16, 18) load on a second 
factor labeled “Hyperactivity/Impulsivity”]; and three-factor 
models (nine items load on an Inattention factor, six items 
load on a “Hyperactivity” factor and three items load on a 
distinct “Impulsivity” factor) for caregiver and teacher report. 
Given the nonparametric nature of the data, we used robust 
weighted least squares estimation with polychoric correla-
tions (Flora and Curran 2004) as implemented in Mplus ver-
sion 7.3 (Muthén and Muthén 2015). We used the Chi square 
likelihood ratio test of exact fit, the Comparative Fit Index 
(CFI), the Tucker-Lewis Index (TLI), and the Root Mean 
Square Error of Approximation (RMSEA) to evaluate the 
approximate fit for all models (Brown 2015). CFI represents 
the degree of improvement over the worst-fitting model and is 
scaled from 0 to 1 with higher values indicating better fit. The 
TLI is similar to the CFI and is also scaled from 0 to 1, but it 
is more sensitive to model complexity than the CFI. RMSEA 
represents the degree of model misfit and is also scaled from 
0 to 1, but lower values indicate better fit. For further expla-
nation of these indices and how they are applied to evaluate 
goodness of fit when using CFA, see Brown (2015). Hu and 
Bentler (1999) suggested a combination rule whereby CFI/
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rule that required CFI ≥ .95 and RMSEA ≤ .06, or more 
liberal fit criteria whereby RMSEA is >.06 but the upper 
boundary of the 90 % confidence interval is <.08 (see 
Table 3 for details). The three-factor model for teachers was 
closest to meeting this criterion, but its RMSEA value was 
excessive (.083; upper limit of confidence interval =.095). 
For comparison, McCallum et al. (1996) labeled RMSEA 
values of .08 to .10 as mediocre and >.10 as poor. Addition-
ally, the correlation between the second and third factors 
for teachers was extremely high (.911) and exceeded their 
alpha reliability (.82 and .88, respectively). Similarly, the 
correlation between the second and third factors for caregiv-
ers (.82) indicated poor discriminant validity (Brown 2015). 
In sum, CFA failed to identify an acceptable structure for 
these data.

Accordingly, we followed-up the unsatisfactory CFA 
with EFA using best-practice criteria (Goldberg and Velicer 
2006; Gorsuch 1997) with the psych package in the R sta-
tistics system (Revelle 2015). Beginning with polychoric 
correlation matrices, principal axis factor extraction with an 
oblique oblimin rotation was applied in all models. Given 
that it is better to overextract than underextract (Gorsuch 
1997), a three-factor model was identified, although both 
parallel analysis and minimum average partial correla-
tion criteria indicated that two factors might be sufficient 
(Velicer et al. 2000).

The three-factor solution for caregiver ratings identi-
fied several problematic items on the ADHD-IV-RS. Of 
the nine items designed to measure Inattention, items 3, 5, 
and 15 had salient associations (cross-loaded) with the fac-
tor intended to measure Hyperactivity. Likewise, items that 
were designed to measure Hyperactivity (items 8 and 12) 
and Impulsivity (item 16) had salient associations with the 
other factor. In all, items 3, 5, 8, 12, 15, and 16 did not per-
form well in a three-factor structure. The two-factor solu-
tion was less problematic, as the results were more similar 
to what we would expect based on prior research; however, 
three inattentive items continued to cross-load within this 
structure: notably, inattention items 3, 5, and 15 had salient 
associations with both the Inattention and Hyperactivity/
Impulsivity factors (see Tables S4 and S5).

The three-factor solution for teacher ratings also identi-
fied problematic items. Its Inattention factor was marked by 
weak loadings (associations) of items with Inattention and 
cross-loadings of inattention items with the factor intended 
to measure Impulsivity. A third factor had two of the inat-
tention items and three of the hyperactivity items loaded on 
it but none of the intended impulsivity items (See Table S6). 
This disorganization was clarified by a two-factor solution 
(see Table S7) whereby all nine items of the presumed Inat-
tention factor cohered, and eight of the presumed Hyperac-
tivity/Impulsivity factor items fused into the second factor. 
Only item 2 (Hyperactivity/Impulsivity) was not performing 

be found in Tables S2 and S3 and Figs. S1–S18 shows the 
distribution plot by item for each Informant.

None of the CFA models for either caregiver or teacher 
ratings from the ADHD-RS-IV were exact fits to the data 
(i.e., Chi square values were all highly significant). Like-
wise, no model met the Hu and Bentler (1999) combination 

Table 2 ADHD Rating Scale summary scores and symptoms endorsed

Summary scale Mean SD N (%) above 
cut-off

ADHD caregiver version
Inattention score 14.13 6.38 –
H/I score 11.65 6.50 –
Total score 25.78 11.75 –
Inattention symptoms 

endorsed
4.51 2.95 151 (39 %)

H/I symptoms endorsed 3.62 2.75 103 (27 %)
ADHD caregiver version
Predominantly  

inattentive
– – 69 (18 %)

Predominantly H/I – – 23 (6 %)
Combined – – 82 (21 %)
Did not meet – – 212 (55 %)

ADHD teacher version
Inattention score 10.98 6.32 –
H/I score 8.00 6.13 –
Total score 18.92 11.14 –
Inattention symptoms 

endorsed
3.15 2.87 49 (24 %)

H/I symptoms endorsed 2.18 2.43 27 (13 %)
ADHD teacher version
Predominantly  

inattentive
– – 30 (15 %)

Predominantly H/I – – 8 (4 %)
Combined – – 19 (9 %)
Did not meet – – 146 (72 %)

ADHD “And” rule
Predominantly  

inattentive
– – 19 (9 %)

Predominantly H/I – – 3 (1 %)
Combined – – 10 (5 %)
Did not meet – – 171 (85 %)

ADHD “Or” rule
Predominantly  

inattentive
– – 47 (23 %)

Predominantly H/I – – 15 (7 %)
Combined – – 64 (32 %)
Did not meet – – 77 (38 %)

Caregiver ratings n = 386
Teacher ratings n = 203
“And” and “Or” rule ratings n = 203
H/I hyperactivity/impulsivity
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ASD. An important next step would be to modify the cross-
loaded items on the ADHD-IV-RS and re-assess the scale’s 
factorial validity. Ideally, minor wording changes will help 
informants minimize the influence of ASD on ratings of tar-
get behaviors. Until this modification occurs, the ADHD-
RS-IV remains a useful clinical tool for assessing ADHD 
in the context of ASD, with additional clinical interviewing 
focused on separating inattention and hyperactivity/impul-
sivity symptoms from ASD symptoms. In what follows we 
will step through the interpretation of our factor analyses in 
greater detail before returning to issues of convergent valid-
ity, estimates of ADHD prevalence, and research and clini-
cal recommendations based on our findings.

Confirmatory factor analyses demonstrated an unaccept-
able fit for the latent variables of Inattention and Hyperac-
tivity/Impulsivity in youth with ASD. They also highlight 
the need for future research to improve measurement preci-
sion in assessing these constructs in youth with ASD. This 
failure to fit the data to any model, particularly the two-fac-
tor model, contrasts with studies of community populations 
and those with ADHD (Baumgaertel et al. 1995; DuPaul et 
al. 2016, 1998; Pillow et al. 1998; Willcutt et al. 2014). Fol-
low-up investigation with EFA found that three Inattention 
items from caregiver ratings (numbers 3, 5, and 15) were 
cross-loaded, as was one Hyperactivity/Impulsivity item 
from teacher ratings (number 2). The complex items for 
caregivers ask about the following behaviors: (3) Difficulty 
sustaining attention in tasks or play; (5) Doesn’t listen when 
spoken to directly; and (15) Is easily distracted. The com-
plex item for teachers asks if the youth “Fidgets or squirms 
in seat.” Some item cross-loadings may be the result of item 
wording that leads caregivers to endorse a symptom because 
of poor social skills or odd behaviors rather than inattention 
or hyperactivity (i.e., construct irrelevant variance). Or they 
may be the result of an ASD diagnosis leading to the expres-
sion of ADHD symptoms in social settings (a behavioral 
phenocopy of ADHD in ASD). Therefore, an important next 
step is to revise the wording of these problematic items, and 

well in this structure, as it was cross-loaded on both the Inat-
tention and Hyperactivity/Impulsivity factors.

Caregiver and teacher ratings were moderately correlated 
within and across ADHD symptom domains (r = .25–.43; 
Table S8). Caregiver ratings of Inattention and H/I symp-
toms had moderate to large positive correlations with the 
Behavior Regulation and Metacognition Indices, and Global 
Executive Composite from the BRIEF (r = .44–.75; Table 
S9). Caregiver ratings of Inattention and Hyperactivity/
Impulsivity symptoms also had moderate to large positive 
correlations with Externalizing Problems on the BASC-2 
(r = .49–.67), but small correlations with Internalizing Prob-
lems (r < .18; Table S10). Caregiver and teacher ratings of 
Hyperactivity/Impulsivity symptoms both decreased with 
age (r’s = −.31, −.28, respectively), and teacher ratings of 
Inattention symptoms decreased with age (r = −.21; Table 
S8).

Discussion

The present study takes a new and critical step for improv-
ing our measurement of ADHD among youth with ASD. 
Researchers have routinely used the ADHD-RS-IV (or 
similar DSM-based screeners like the Vanderbilt ADHD 
Diagnostic Parent/Teacher Rating Scale) to assess ADHD 
symptoms in youth with ASD, as well as the association of 
ADHD symptoms with maladaptive behaviors, and atten-
tion and executive function task performance (Andersen et 
al. 2013; Corbett et al. 2009; Johnston et al. 2013; Sikora et 
al. 2012; Yerys et al. 2013); however, this work has not con-
sidered whether ADHD screeners are valid in ASD samples. 
While the overall factor structure of the scale generally cor-
responds with an expected two-factor solution, the present 
study shows that the ADHD-IV-RS fails to meet goodness-
of-fit criteria for factorial validity in youth with ASD. Our 
results suggest that the scale does not adequately separate 
the constructs of inattention and hyperactivity/impulsivity in 

df  χ2 CFI TLI RMSEA (90 % 
CI)

Caregiver (n = 386)
One-factor 135 1058.6 .872 .855 .133 (.126, .141)
Two-correlated factors 134 625.0 .932 .923 .097 (.090, .105)
Three-correlated factors 132 570.1 .939 .930 .093 (.085, .101)

Teacher (n = 203)
One-factor 135 710.5 .874 .857 .145 (.134, .155)
Two-correlated factors 134 372.8 .948 .940 .093 (.082, .105)
Three-correlated factors 132 316.8 .959 .953 .083 (.071, .095)

To determine the acceptability of the model fit we used Hu and Bentler’s (1999) combination rule whereby 
CFI/TLI values ≥.95 and RMSEA values ≤.06 would best control both Type-I and Type-II errors
CFI comparative fit index, CI confidence interval, RMSEA root mean square of approximation

Table 3 Confirmatory fac-
tor analysis goodness-of-fit 
statistics
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al. 2016), and may result in part from their experience of 
child behaviors in a more restricted (and demanding) range 
of settings. The “Or” rule, which may be a more accurate 
estimate than single-informant or conservative “And” rule 
approaches (Schwarz 2010), revealed a prevalence rate of 
62 %. This higher rate is expected as symptoms endorsed in 
either setting are counted.

This study informs future research that will use such 
screeners to parse groups into ASD versus ASD + ADHD 
or using ADHD-RS-IV scores as continuous measures 
of ADHD symptom severity. Although these scores may 
yield expected relationships based on what is seen in prior 
research, the origins of these behaviors—most notably on 
the Inattention scale—are potentially capturing variability 
related to ASD symptoms in addition to inattention. Further-
more, in future clinical trials treating ADHD symptoms in 
ASD we may need to exercise caution with these types of 
screeners to measure treatment-related change. In its current 
form, the origin of some symptoms on the ADHD-IV-RS 
may differ in ASD, and it is not yet known how this differ-
ence may or may not relate to treatment outcome measure-
ment. In our own work, we will continue to use screeners 
like the ADHD-IV-RS, but we will use statistical approaches 
to account for the role of ASD symptoms when examining 
relationships between ADHD symptoms and task perfor-
mance or other dependent variables of interest (See Yerys et 
al. 2013 for an example).

This study informs clinical practice because it suggests 
that providers should exercise caution when interpreting 
ratings of ADHD symptoms in youth with ASD. Because 
several of the ADHD-RS-IV items do not map to expected 
ADHD dimensions, it is important for providers to conduct 
more rigorous questioning around ADHD symptoms that 
have a high social demand. For example, providers will need 
to determine if the symptom (e.g., “Does not listen when spo-
ken to directly”) is related to a difficulty with understanding 
social expectations (i.e., does not know teacher was talking 
to them), or whether the child understands the expectations 
but violates them due to poor sustained attention abilities 
(i.e., child becomes bored/distracted). We propose a clinical 
approach that combines existing ADHD tools with additional 
clinical interviewing aimed at understanding the persistence 
of Inattention and Hyperactivity/Impulsivity across social 
and non-social settings for making a comorbid diagnosis. 
This approach should be the gold standard until ADHD 
screeners are refined to improve factor structure fit within 
an ASD sample or until specific items that are most sensitive 
and specific to Inattention and Hyperactivity/Impulsivity 
symptoms are identified in future research, thereby reducing 
potential false positives for individuals with ASD.

It is important to note limitations of this study. First, the 
present study did not use semi-structured interviews to pro-
vide a “best practices” diagnosis of ADHD, and therefore 

evaluate if a modified ADHD-IV-RS captures Inattention 
and Hyperactivity/Impulsivity constructs in the ASD pop-
ulation (i.e., factorial validity). This suggestion may raise 
concern that we are calling for a change in the diagnostic 
criteria for ADHD in youth with a diagnosis of ASD. This 
is not the goal. ASD and ADHD symptoms certainly can be 
disentangled with careful clinical interviewing. Instead, the 
goal is to refine a well-established measure of ADHD symp-
toms so that clinicians and researchers can have confidence 
that elevated scores represent symptoms of Inattention and 
Hyperactivity/Impulsivity and not simply a behavioral phe-
nocopy. That is, that the endorsement of ADHD symptoms 
is not better explained by core ASD symptoms.

The ADHD-RS-IV showed construct validity for care-
giver report, because we found expected relationships with 
executive function, externalizing behavior problems, and 
age in youth with ASD. Caregiver report demonstrated 
positive correlations between Inattention and Hyperactiv-
ity/Impulsivity symptoms and both executive function and 
externalizing behaviors, but not internalizing behaviors. 
This pattern suggests that caregivers are not biased to rate 
all problem behaviors as elevated in these youth; instead, 
caregivers are endorsing problem behaviors most associated 
with ADHD symptoms. Hyperactivity/Impulsivity symp-
toms decreased with age in caregiver and teacher ratings, 
which is also seen in the normative sample (DuPaul et al. 
2016, 1998); teacher ratings of Inattention also decreased 
with age (DuPaul et al. 2016). We note that because this is 
a cross-sectional, and not a longitudinal study, age effects 
should be interpreted with caution. Nevertheless, these find-
ings establish construct validity as they replicate known 
relationships observed in youth with ADHD without ASD 
(Doyle et al. 2005; Reiersen and Todorov 2013).

Despite the limitations in factorial validity, using the 
ADHD-RS-IV we observed prevalence rates of ADHD in 
an ASD sample similar to those established via in-depth 
semi-structured clinical interviews (Leyfer et al. 2006; 
Sinzig et al. 2009). Prevalence rates of ADHD within 
ASD are comparable overall; however, our findings using 
the ADHD-IV-RS, along with an unmodified psychiatric 
interview (Sinzig et al. 2009), yield the highest reported 
rates. Reported ADHD prevalence rates are lowest when 
clinicians use a psychiatric interview (i.e., KSADS) spe-
cifically adapted to disentangle primarily social symptoms 
from primarily inattentive or hyperactive/impulsive symp-
toms (Leyfer et al. 2006). It is important to note that the 
clinicians in this study ignored the DSM-IV criteria to not 
diagnose ASD and ADHD concurrently (American Psychi-
atric Association 2000). The current study is also the first 
to report teacher ratings independently from caregiver rat-
ings; teachers identified 24 % of youth with ASD meeting 
ADHD diagnostic criteria. This lower rate for teachers is 
also seen in the normative community sample (DuPaul et 
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