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Purpose: This study aimed to establish the Chen ADHD Scale and to examine its reliability
and validity.

Patients and Methods: We recruited 114 individuals diagnosed with attention-
deficit/hyperactivity disorder (ADHD) and 39 non-ADHD controls aged between 5 and 18
years. Their parents completed the Chen ADHD Scale, Chinese versions of the SNAP-1V,
and Strengths and Difficulties Questionnaire (SDQ). We examined the psychometric proper-
ties of Chen ADHD Scale, including test-retest reliability, internal consistency, construct
validity, convergent and divergent validity.

Results: Receiver operating characteristic analysis was performed to calculate the area
under the curve (AUC), sensitivity, and specificity of the Chen ADHD Scale for predicting
ADHD. The Chen ADHD Scale demonstrated satisfactory test-retest reliability (intraclass
correlation = 0.916), internal consistency (alpha = 0.966 to 0.978), a good model fit for
a two-factor structure (inattention and hyperactivity-impulsivity) and good convergent and
divergent validity with SNAP-IV and SDQ. The AUC of Chen ADHD Scale for predicting
ADHD was 0.944. The optimal cut-off value of Chen ADHD Scale with impairment
requirement for predicting ADHD was 37 with a sensitivity of 0.87 and a specificity of 0.97.
Conclusion: The Chen ADHD Scale is a reliable and valid instrument for screening ADHD
symptoms in clinical settings in Taiwan.
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Introduction

Attention-deficit/hyperactivity disorder (ADHD) is one of the most common mental
disorders in children with recent epidemiology studies indicating prevalence rates
10.1%."%  Attention deficit
impulsivity are the two core features of symptoms that are noted in ADHD.? It

ranging from 6.7% to and hyperactivity-
has been reported that ADHD contributes to a significant fraction of the global
burden of disease in children,4 and economic burden on patients, families, and
third-party payers.® Given the growing awareness of ADHD, the importance of the
assessment, diagnosis, and treatment of ADHD has been emphasized.®

Various tools have been developed to examine to evaluate ADHD in children
and adolescents, and these measurements generally can be categorized into two
types: clinical diagnosis-based approach and empirical-quantitative approach.’
Clinical diagnosis-based measurements are developed directly based on the diag-
nostic system, such as the Diagnostic and Statistical Manual of Mental Disorders
(DSM) system, and these serve as a diagnostic assistance tool. Examples include
the Connors Third Edition (Conners3),* Swanson, Nolan, Pelham-IV Teacher and
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(SNAP-1V),’ and Vanderbilt
Assessment Scale.'” Among these tools, some of them
(eg, Conners 3, SNAP-IV, Vanderbilt Assessment Scale)
also evaluate ADHD-related behavioral, emotional pro-

Parent Rating Scale

blems, such as oppositional-defiant disorder, conduct dis-
order, anxiety, depression and academic performance.
Some researchers have used the empirical-quantitative
approach to describe the psychopathology of ADHD
instead of the diagnostic system.'' Assessment tools
adopting this approach include Achenbach System of
Empirically Based Assessment of Child Behavior
Checklist (CBCL),'”> Strengths and Weaknesses of
ADHD Symptoms and Normal Behavior'® and Brown
Attention-Deficit Disorder Scales.'® These scales are
usually not strictly based on the criteria presented in the
Diagnostic and Statistical Manual of Mental Disorders
(DSM)."*"° Instead, their scale development is empiri-
cally derived through a series of quantitative analyses to
determine the overlap of behavioral characteristics as
a means dimensions  of

of deriving specific

psychopathology.'® Some disadvantages of these tools
are being considered. These tools are usually broadband
scales, which generally focus on several psychopatholo-
gies (eg, emotional-behavioral problems) across many
subscales, not specific to ADHD. Because of the lack of
specificity, these broadband scales usually have few items
for ADHD, as a result, the reliability in the ADHD sub-
scales of broadband scales would be less optimal and
unable to provide a robust measure of ADHD.'”

Two possible limitations are considered in these afore-
mentioned clinical diagnosis-based measurements. First,
most of the assessments do not include the functional
impairment results from ADHD symptoms. These mea-
sures focusing on symptoms tend to underestimate the
importance of functional impairment, which is a crucial
component in the diagnosis of mental disorders,'® like
ADHD. Without an evaluation of functional impairment,
the symptom severity of ADHD cannot be well gauged.
The lack of screening items of functional impairment in
the rating scale is also likely to overestimate the potential
prevalence.'® Second, many assessments adopted a 4-point
Likert scale. However, it has been reported that the Likert
scale items are more vulnerable to bias from confounding
factors and subject to the ceiling effect and more time-
consuming than visual analogue scale items.*

For rating scales, there is a special type of design,
discretized analog scale, to improve measurement accu-
racy. This design allows the rater to use numeric, visual-

spatial and verbal descriptive anchors to assess the domain
simultaneously.?’ In this study, we aimed to design an
ADHD assessment tool based on the model of discretized
analog scale and DSM-5 criteria including function
impairment. We further comprehensively examined the
reliability and validity by using a clinical sample of
Taiwanese children and adolescents to test the feasibility
of this scale to evaluate ADHD.

Methods

Participants

The sample consisted of 153 participants aged between 5
and 18. This included 114 individuals with ADHD from
a teaching hospital and 39 non-ADHD controls. The study
recruited ADHD and non-ADHD participants through
a poster advertisement and outreach to outpatients in
a medical center. All of the ADHD cases met the
Diagnostic and Statistical Manual of Mental Disorders-5
diagnostic criteria for ADHD (American Psychiatric
Association, 2013). These individuals with ADHD and
non-ADHD were received a diagnostic interview by
a psychiatrist to confirm their presence of ADHD diagno-
sis. All participants were invited for a re-test within one to
two months. However, of them, 41.8% (64/153) of parti-
cipants (49 individuals with ADHD with stable symptoms
and similar medication dosage as well as 15 individuals
with non-ADHD) accepted this invitation and participated
in the followed up for a re-test at their scheduled return
visit. All information for these children and adolescents
with ADHD and without ADHD was reported by their
parents. All data collected in this study is specifically for
the development of the ADHD assessment tool, not for
other research purposes. Written informed consent was
obtained from all participating children and their parents.
This study was conducted in accordance with the
Declaration of Helsinki and approved by the Institutional
Review Board of Chiayi Chang Gung Memorial Hospital
(approval number: 201900694B0).

The Chen ADHD Scale (C-ADHDS)

The C-ADHDS is a 20-item rating scale developed to assess
ADHD symptoms based on the DSM-5. The first 9 items
and items 10 to 18 are corresponding to the symptom
criteria for inattention and hyperactive-impulsive based on
the DSM-5. The example items were “When speaking to
him/her, it seems that he/she is not listening?” for inatten-
tion and “He/she often interrupts other people’s conversa-
tions or activities” for hyperactive-impulsive, respectively.
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A 10-point visual analogue scale ranging through 0 (no),
1-3 (mild), 4-6 (moderate), 7-9 (marked), and 10 (extreme)
is used to evaluate the severity of ADHD symptoms. The
scale used numeric and verbal descriptive anchors simulta-
neously for a rating of severity of ADHD symptoms. This
design has been used in other scales, such as the Sheehan
disability scale.”' The item 19 measures functional impair-
ment in social, academic, or occupation with a score of 0
for “none,” 1 for “mild,” 2 for “moderate,” and 3 for
“severe.” Item 20 is used to measure the quality of life
with a visual analogue scale ranging from 0 (the worst) to
100 (the best). The C-ADHDS is designed for children and
adolescents (7—18 years old) and available for parent-, self-
and, teacher-report. The C-ADHDS assessed in this study
was based on the parent’s report.

The Chinese Version of the Swanson, Nolan, and
Pelham IV (SNAP-1V)

The SNAP-IV is a 26-item scale developed by Swanson
and colleagues to rate ADHD and oppositional defiant
symptoms, designed for children age 6-17.> The SNAP-
IV uses a 4-point Likert scale with a score of 0 for “not at
all,” 1 for “just a little,” 2 for “quite a bit,” and 3 for “very
much”.? A higher score in the SNAP-IV indicates more
severe ADHD and oppositional defiant symptoms. The
Chinese version of SNAP-IV and its norm are validated
and developed by Gau and colleagues. High internal con-
sistency and test-retest reliability were reported with
a range of Cronbach’s alpha of 0.88 to 0.90 and an intra-
class correlation of 0.59 to 0.72.> We used the Chinese
SNAP-IV based on parent-reported to compared to
C-ADHDS.

The Chinese Version of the Strengths and Difficulties
Questionnaires (SDQ)

The SDQ is a 25-item behavioral screening questionnaire
designed to assess a broader area of different psychological
adjustment of children and adolescents. We used four sub-
scales in the SDQ including emotional symptoms, conduct
problems, hyperactivity/inattention, and peer relationship
problems. A higher score in these subscales of SDQ indi-
cates more severe behavioral emotional difficulties. High
internal consistency was reported with a range of 0.40 to
0.86 between different subscales and rater forms.** The
SDQ assessed in this study was based on the parent’s report.

Statistical Analysis
The descriptive results were shown and tested as fre-
quency and percentage and Chi-Squared Test (¥2) with

Yates’s correction for categorical variables (ie, sex and
the functional impairment measured in the C-ADHDS)
and as mean and standard deviation and independent two
sample #-test for continuous variables (ie, the total scores
of subscales for SNAP-1V, C-ADHDS, and SDQ) between
participants with 114 ADHD and 39 non-ADHD. A two-
sided p value < 0.05 was considered statistically signifi-
cant in this study. Considering multiple comparisons in the
SDQ subscales (4 subscales), the Bonferroni corrected
p-value was reported in the independent #-test analyses
for the SDQ subscales.

Several indexes of reliability and validity for
C-ADHDS were examined comprising internal consistent
reliability of Cronbach’s alpha, test—retest reliabilities of
Pearson’s r and intraclass correlation (ICC) using two-way
random effect model, consistency, for average measures,
convergent and divergent validity, and sensitivity and
specificity.

There were two parts to analyze the convergent and
divergent validity of C-ADHDS. First, we conducted
a confirmatory factor analysis (CFA) to determine factor
validity. According to Dumenci and colleagues,”” there
are three possible factor structures of ADHD in scale
development: (a) a one-factor model of inattention and
hyperactive-impulsive, (b) a correlated two-factor model
of inattention (items 1-9) and hyperactive-impulsive
(items 10-18), and (c) a hierarchical model of a general
inattention and hyperactive-impulsive factor plus two
specific factors of inattention and hyperactive-impulsive
(See supplementary Figure 1). The Chi-square change

test was used for model selection. It has been proposed
that three to four items for one latent factor are
preferable;*® however, in the C-ADHDS, there were
nine items for one latent factor. We, therefore, used the
item parceling to represent each factor and item parceling
has been used in scale validation.?”-*®

Specifically, the nine indicators for each factor were
divided into three parcels based on items 1 to 3, 4 to 6, and
7 to 9 for inattention and items 10to 12, 13to 15, and 16to 18
for hyperactivity-impulsivity. The averages of the three sets
of indicators were used to create three parcel-level indicators
for providing a more parsimonious measure of the inattention
and hyperactivity-impulsivity factors. Model fit was assessed
with multiple criteria: Chi-Squared Test (y2), Comparative
Fit Index (CFI), Tucker-Lewis Index (TLI), and Root Mean
Square Error of Approximation (RMSEA). Second, we
further examined the convergent and divergent validity
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between the C-ADHDS and well-established measures
(SNAP-IV and SDQ) using Pearson’s .

Sensitivity and specificity were examined, and four meth-
ods were used to classify ADHD based on the C-ADHDS. The
first two methods used the continuous sum score C-ADHDS
with or without impairment requirement to classify ADHD.
Receiver operating characteristic (ROC) analysis was per-
formed to calculate the area under the curve (AUC), sensitiv-
ity, and specificity of C-ADHDS for predicting ADHD. The
optimal cut-off points for C-ADHDS were determined using
the maximum value of the Youden index (sensitivity plus
specificity minus 1). The other two methods were based on
the symptom-count criterion from the full diagnostic criteria
stated in the DSM-5 with or without impairment requirement,
in which a score of 4 (moderate) or above was coded as the
symptomatic presence of this behavior. The presence of an
impairment requirement was based on the functional impair-
ment in which a score of 1 (mild) or above. Therefore, the
presence of a potential diagnosis of ADHD was defined as
having a symptomatic response for at least six of the nine
inattention items or six of the nine hyperactivity-impulsivity
items with or without a functional impairment response from
the C-ADHDS. In addition to the general ROC, we further
conducted the covariate-adjusted receiver operating character-
istic (AROC) to adjust for the confounding effects from demo-
graphics (ie, sex and age).

Results

Sample Characteristics

Among the 153 participants, the 114 individuals with
ADHD were more likely to be boys, younger, have higher
ADHD symptoms (based on the scores of SNAP-IV and
the C-ADHDS), and behavioral emotional difficulties
(based on the score of subscales of SDQ), compared to
39 individuals with non-ADHD, with Ps <0.01 (Table 1).

Internal Consistent Reliability

We found that the C-ADHDS has excellent internal con-
sistency reliability with a Cronbach’s alpha of 0.98 for
whole symptoms items (item 1 to item 18), 0.97 for the
subscale of inattention (item 1 to item 9) and 0.97 for the
subscale of hyperactive-impulsive (item 10 to item 18),
respectively.

Test—Retest Reliability
We found that C-ADHDS has excellent test—retest reliabil-
ities with a Pearson’s correlation of 0.85 and ICC of 0.92,

respectively. The mean duration of the follow-up period
was 44.5 days for the re-retest.

Confirmatory Factor Analysis

The 2 change test indicated that the hierarchical three-
factor model fit significantly better than the one-factor
model (ie, Ax2 (6) = 124.1; P <0.001), and the correlated
two-factor model (ie, Ax2 (5) = 12.7; P = 0.027). The
results of confirmatory factor analysis for the C-ADHDS
were satisfactory (ie, 2= 6.42, df = 3, P = 0.092, CFI =
0.996, TLI = 0.984, and RMSEA= 0.087). All standar-
dized factor loadings were significant at p < 0.001
(Figure 1).

Convergent and Divergent Validity

These findings suggest that this model fitted well in the
construct of the two ADHD symptom domains. For com-
parison between C-ADHDS and SNAP-IV and SDQ, the
inattention and hyperactive-impulsive of C-ADHDS had
stronger correlations with corresponding ADHD symp-
toms in SNAP-IV and the subscale of hyperactivity of
SDQ. By contrast, relatively weak associations were
found between C-ADHDS and the other subscales of
SDQ (Table 2).

Sensitivity and Specificity

ROC with the sum of continuous C-ADHDS and symp-
tom-count criterion based on the DSM-5 was used to
classify ADHD and to calculate sensitivity and specificity.
First, the results of ROC analysis for the prediction ability
of C-ADHDS for ADHD are shown in Figure 2, which
yielded an AUC of 0.944. Furthermore, after controlling
for demographics (ie, sex and age) using AROC, a high
adjusted AUC of 0.935 was still observed.

Based on the maximum value of the Youden index, we
observed an optimal cut-off value for C-ADHDS without
impairment requirement t, which was equal to or greater
than 37, with a sensitivity of 0.88 and a specificity of 0.90
were found (Table 3). Furthermore, when we considered
the impairment requirement by classifying individuals
with ADHD when they reported impairment in ADHD
symptoms and scored C-ADHDS equal to or greater than
37, a sensitivity of 0.87 and a specificity of 0.97 for
C-ADHDS were observed. On the other hand, a more
conservative result of the number of ADHD was found
when using the symptom-count criterion based on the
DSM-5, the sensitivity and specificity were 0.70 and 0.95
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Table | Demographics, Chen ADHD Scale, Swanson, Nolan, and Pelham IV and Strengths and Difficulties Questionnaires in Our

Sample
Variables ADHD n=114 Non-ADHD n=39 Statistics
Sex, N (%)
Boys 95 (83.3) 22 (56.4) <0.001
Girls 19 (16.7) 17 (43.6)
Age, Mean (SD) 10.5 (2.9) 13.2 (4.7) 0.003
Chen ADHD Scale, Mean (SD)
Inattention 44.9 (19.9) 11.0 (11.9) <0.001
Hyperactivity 36.7 (21.2) 52(7.2) <0.001
Quality of life 66.5 (21.0) 83.1 (14.9) <0.001
Impairment, N (%)
None 5(44) 34 (87.2) <0.001
Mild 38 (33.3) 5(12.8)
Moderate 52 (45.6) 0 (0.0
Severe 19 (16.7) 0 (0.0
Swanson, Nolan, and Pelham |V, Mean (SD)
Inattention 14.5 (5.3) 4.5 (3.9) <0.001
Hyperactivity 12.0 (6.2) 2.1 (2.2) <0.001
Strengths and Difficulties Questionnaires, Mean (SD)
Conduct problems 3.5(1.8) 1.2 (1.2) <0.001
Hyperactivity 6.6 (2.2) 1.5 (1.7) <0.001
Emotional symptoms 34 (23) 1.4 (1.6) <0.001
Peer problems 3.5 (2.0) 1.7 (1.8) <0.001
Note: Bonferroni corrected p-value was applied for Strengths and Difficulties Questionnaires.
for without impairment requirement and 0.69 and 0.97 for  assessment tools. For consistency reliability (ie,

with impairment requirement, respectively (Table 3).

Discussion
In this study, our finding suggested that C-ADHDS is
a reliable and valid instrument for diagnosing child and
adolescent ADHD disorders for clinical and research use.
The psychometric characteristics showed that the C-ADHDS
developed in this study was not only an updated ADHD
assessment tool to fit the DSM-5 criteria but also an improve-
ment in the scale performance by using visual analogue scale
items to obtain satisfactory psychometric properties.
Adequate internal consistency reliability and test-retest
reliability are essential for the application of self-
administrated scales and the present study showed excel-
lent internal consistency reliability with Cronbach’s alpha
of 097 to 0.98, and test-retest index with Pearson’s
and ICC of 0.92 for the total
C-ADHDS score. In these respects, the scale is compar-

r correlation of 0.85

able with or even better than other common ADHD

Cronbach’s alpha), the C-ADHDS was comparable with
IOWA Conners’ rating scale (0.78 to 0.91),%> ADHD rat-
ing scale (0.86)°° and Chinese version of SNAP-IV (0.88
to 0.90).%* Similarly, test-retest reliability in most several
tools of ADHD assessment ranged from 0.6 to 1.0, includ-
ing the subscale of hyperactivity-inattention of strengths
and difficulties questionnaire with Pearson’s r correlations
of 0.60 of 0.82,! and the subscale of attention problems of
the Chinese version of CBCL with Pearson’s r correlations
of 0.66 of 0.87,>* the Chinese version of SNAP-IV of with
Pearson’s r correlations of 0.68 to 0.73 and ICCs of 0.67 to
0.72,> IOWA Conners’ rating scale with Pearson’s
r correlations of 0.73 to 0.80,° ADHD rating scale with
Pearson’s r correlations of 0.76,°° and Vanderbilt ADHD
diagnostic parent rating scale with Pearson’s r correlations
of 0.75 to 0.95."° Generally, the ADHD specific assess-
ment tools had better reliability than broadband scales
possibly because of more items in ADHD specific assess-
ment than in broadband scales.'”
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Figure | The confirmatory factor analysis for the Chen ADHD Scale and its standardized factor loading. The confirmatory factor analysis for the C-ADHDS was
satisfactory (x2= 6.42, df = 3, P = 0.092, CFl = 0.996, TLI = 0.984, and RMSEA= 0.087).

Good construct validity and convergent and divergent
validity of the C-ADHDS was supported by the model fit
index of the CFA and the associations between C-ADHDS
and SNAP-IV and SDQ. The hierarchical three-factor
model of inattention and hyperactivity-impulsivity in the
C-ADHDS has the best model fit than the one-factor
model and the correlated two-factor model. This finding
was supported by the current literature,”>-? indicating that
ADHD is not a unitary construct and inattention is related
to hyperactivity-impulsivity, and also distinct with hyper-
activity-impulsivity after the consideration of the general
factor of inattention and hyperactivity-impulsivity. This
result supports the classification of subtypes of ADHD in
the DSM (e, type,

predominantly  Inattentive

Table 2 Correlations Between Chen ADHD Scale and Other
Clinical Questionnaires

Clinical Questionnaire Chen ADHD Scale
Inattention | Hyperactivity-impulsivity
Swanson, Nolan, and Pelham
v
Inattention 0.88 0.75
Hyperactivity-impulsivity 0.75 091
Strengths and Difficulties
Questionnaires
Conduct problems 0.61 0.60
Hyperactivity 0.77 0.78
Emotional symptoms 0.48 0.41
Peer problems 0.42 0.36

Note: All analyses reached statistical significance with P < 0.001.

predominantly ~ Hyperactive/Impulsive  type,  and
Combined type).>*> In addition to constructs within the
C-ADHDS, these two scales of C-ADHDS also have good
convergent and divergent validity corresponding to two
well-known measures, SNAP-IV of ADHD symptoms
and SDQ of emotional-behavioral problems. Despite the
high correlations between the subscales of hyperactivity of
SDQ and C-ADHDS (Pearson’s r correlations of 0.770 to
0.779), there remain moderate associations between emo-
tional-behavioral problems (ie, conduct problems, emo-

tional symptoms and peer problems) and C-ADHDS with

ROC Curve for Chen ADHD Scale
Area Under the Curve = 0.944

0.9 A

0.8 4

0.7 4
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0.5 A
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Figure 2 Receiver operating characteristic curve analysis predicting ADHD using
the Chen ADHD Scale.
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Table 3 Sensitivity and Specificity of Chen ADHD Scale Based on Sum Score and Symptom-Count Criterion with or without

Impairment of the DSM-5

Chen ADHD Scale

Optimal Cut-Off Value Optimal Cut-Off Value Without Impairment With Impairment
without Impairment with Impairment Requirement Requirement
Requirement Requirement (Based on the DSM-5) (Based on the DSM-5)
Tool Positive Negative Positive Negative Positive Negative Positive Negative
diagnosis
Positive 100 4 99 | 80 2 79 |
Negative 14 35 15 38 34 37 35 38
Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity
=0.88 =0.90 =0.87 =097 =0.70 =0.95 =0.69 =0.97

Abbreviation: DSM, Diagnostic and Statistical Manual of Mental Disorders.

Pearson’s r correlations of 0.35 to 0.61. However, these
constructs in these subscales from SDQ were considered
common comorbidities with ADHD, and some ADHD
assessments also include items measuring these comorbid-
ities, such as oppositional defiant disorder symptoms in
Conners Rating Scales-Revised, SNAP-IV, and Vanderbilt
Assessment Scale and anxiety and depression in
Vanderbilt Assessment Scale.!” For this reason, indivi-
duals with high ADHD tendency may also to some extent
manifest emotional-behavioral problems, and conse-
quently tend to score higher on these subscales from SDQ.

Our study demonstrated that the C-ADHDS has an
excellent predictive ability to identify potential ADHD
based on the AUR of 0.94 and the high sensitivity and
specificity in two different classification approaches (the
optimal cut-off value of 37 and the symptom-count criter-
ion based on the DSM-5). For the method of optimal cut-
off value with impairment requirement, it achieved an
optimal balance between sensitivity and specificity with
a sensitivity of 0.87 and a specificity of 0.97. We observed
that the impairment requirement plays an important role in
differentiating clinical and non-clinical participants with
ADHD, which was reflected in the change of specificity
from 0.90 (without impairment requirement) to 0.97 (with
impairment requirement). Unlike the cut-off value method,
the result from the symptom-count criterion based on the
DSM-5 has an extremely high specificity of 0.97, with
a cost of reasonable sensitivity of 0.69. With these psycho-
metric properties, if researchers consider the false positive
as important as false negative in the screening of ADHD,
the cut-off value approach would be the appropriate

method. By contrast, if the medical cost is high for false
positive and researchers want to avoid false positive, the
symptom-count criterion approach may be preferred over
the cut-off value approach. For example, in a community
with a high stigma of mental disorder, a highly sensitive
assessment tool may lead to a higher proportion of false-
positive results and cause possible over-responses. In this
case, an assessment tool with extremely high specificity
would be more preferable. In addition, the symptom-count
criterion based on the DSM-5 without and with the
requirement of functioning impairment both had similar
sensitivity (0.70 for without vs 0.69 for with requirement)
and specificity (0.95 for without vs 0.97 for with require-
ment). A possible reason may be that we included clinical
patients with ADHD and most of them had significant
functional impairment from ADHD symptoms. This expla-
nation was supported by our results wherein 95.6% of
individuals with ADHD reported meeting the requirement
of functional impairment. However, it has been demon-
strated that the utility of functioning impairment is a basis
of the assessment of mental disorders in the community
setting.>*

Limitation

Several limitations of this study should be mentioned. Our
results were obtained from a small, non-representative
clinical sample in Taiwan and the generalizability is lim-
ited to other populations. There were significant differ-
ences in terms of demographics (ie, sex and age)
between the ADHD and non-ADHD groups. However,
two possible reasons suggest such differences may have
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little impact on our results. First, the convergent and

divergent validity are estimated using the within-group

comparison, not the between-group comparison. Thus,

between-group differences have no impact on convergent

and divergent validity. Second, we used AROC to adjust

the possible confounding of demographics, and we

observed comparably high AUC and adjusted AUC values
(ie, 0.944 and 0.935, respectively). This result indicated
that demographics may have limited confounding effects

in our reliability and validation examination. Finally, this

was a parent-report study and the reliability and validity

data for the child and adolescent self-report and teacher

report were still lacking. Hence, the normative data for the

general population and the validation study for self-report

and teacher-report are warranted for further studies.

Conclusions

The C-ADHDS is a reliable and valid instrument to be
applied in clinical practice and research to assess ADHD
based on the latest DSM-5. Our results demonstrated that
the C-ADHDS has good to excellent internal consistency

reliability, test-retest reliability, construct validity, conver-

gent and divergent validity of the C-ADHDS for emotional
and behavioral problems (SDQ) and ADHD symptoms
(SNAP-IV) and sensitivity and specificity of clinical diag-
nosis of ADHD.
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