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Abstract  
 In view of ICD-11 revision, we evaluate whether the 18 DSM-IV diagnostic items retained 
by DSM-5 could be further improved (i) in predicting ADHD ‘case-ness’ and impairment’ and 
(ii) discriminating ADHD without CD (ADHD − CD) cases from ADHD with CD (ADHD + CD) 
cases.  
 In a multi-centre study sample consisting of 1497 ADHD probands and 291 unaffected 
subjects, 18 diagnostic items were examined for redundancy; then each item was evaluated 
for association with case-ness, impairment and CD status using Classical Test Theory, Item-
Response Theory and logistic regression methods. 
 First, all 18 DSM-IV items contributed significantly and independently to the clinical 
diagnosis of ADHD. Second, not all the DSM-IV items carried equal weighting. “Often loses 
things”, “forgetfulness” and “difficulty sustaining attention” mark severity for 
Inattentiveness (IA) items and “often unduly noisy”, “exhibits a persistent pattern of 
restlessness”, “leaves seat in class” and “often blurts out answers” for Hyperactivity/ 
Impulsivity (HI) items. “Easily distracted”, “inattentive to careless mistakes”, “often 
interrupts” and “often fidgets” are associated with milder presentations. In the IA domain, 
“distracted” yields most information in the low-severity range of the latent trait, “careless” 
in the mid-severity range and “loses” in the high-severity range. In the HI domains, 
“interrupts” yields most information in the low-severity range and “motor” in the high-
severity range. Third, all 18 items predicted impairment. Fourth, specific ADHD items are 
associated with ADHD + CD status.  
 The DSM-IV diagnostic items were valid and not redundant; however, some carried more 
weight than others. All items were associated with impairment. 
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Introduction 
 The 18 diagnostic items for attention 
deficit/hyperactivity disorder (AD/HD) in 
the fourth revision of the Diagnostic and 
Statistical Manual of the American 
Psychiatric Association (DSM-IV) have 
been retained by DSM-5 in their recent 
revision (2013). DSM-5, however, has 
elaborated some items with examples and 

incorporated a revised age of onset 
criterion before the age of 12 years old, so 
as to improve the diagnosis of older 
adolescents and adults. The items were 
initially selected on the results of 
published literature and the field trials 
conducted specifically for the DSM-IV 
revision process (APA 1994). Considerable 
clinical experience and research evidence 
now support their use: they have yielded 



reliable and consistent prevalence 
estimates across different national and 
cultural settings and have shown evidence 
of robust association with neurobiological 
measures [1]. There have, however, been 
suggestions from clinicians that the 
criteria might be improved for routine 
clinical use [2]. 
 A number of issues with these items 
remain under-investigated, and the 
answers to these may potentially improve 
diagnostic efficiency and are also relevant 
in view of the impending ICD-11 revision. 
 First, the number of items is rather 
large for routine use by busy clinicians. 
Each of the 18 items requires separate 
evaluation and the time involved may 
make it less feasible to assess other 
aspects of a case. Indeed, clinicians could 
save time by a shorter list if there were 
inter-item redundancy. Item redundancy 
could arise from the wording of items, so 
that one item might depict the same 
underlying phenomenon as another. For 
example: “often has difficulty sustaining 
attention in tasks or play activities” might 
describe the same behaviour as “often has 
difficulty organizing tasks and activities”. If 
some items do indeed describe the same 
behaviour, then that single latent behav-
ioural component might become over-
represented and so bias the diagnosis. If 
so, a shortened list of criteria could be 
developed with correspondingly greater 
efficiency in the diagnostic process. 
 Second, impairment of function across 
different settings (e.g. home, school, 
leisure activities) is a necessary require-
ment for a DSM-5 diagnosis. 
 There is little doubt that ADHD 
symptoms can be impairing when present 
above a certain severity threshold. For 
example, in a study [3], Bussing et al. 
measured both symptoms and impairment 
and found that parents and patients 
diagnosed with childhood ADHD reported 
more functional impairment and lower 
quality of life than their healthy or 

subthreshold ADHD counterparts. Similar-
ly, Ramtekkar et al. [4] found that patients 
who met the diagnostic threshold were 
substantially more impaired by their 
symptoms over their lifetime. It is not, 
however, clear whether all symptoms are 
related to impairment or whether any 
have particular importance for overall 
adjustment. 
 Third, the DSM-IV field trials provided 
symptom utility estimates for selection of 
diagnostic criteria of ADHD [5]. The 
selected items differed in positive and 
negative predictive powers, despite 
showing acceptable moderate to high 
values. The “often does not seem to listen 
when spoken directly” (“listen”) item, 
being an exception, has the lowest 
positive predictive power. Willcutt et al. 
[6] identified further evidence for “listen” 
and “is often easily distracted” 
(“distracted”) being weak items. Wolraich 
et al. [7], however, found “distracted” 
showing high item–total correlation, 
instead of “often blurts out an answer 
before a question has been completed” 
(“blurts”) and “often talks excessively” 
(“talks”) showing particularly low item–
total correlations. Symptom utility of 
ADHD diagnostic criteria warrants further 
evaluation in the light of the DSM-5 
publication. 
 Furthermore, both DSM-IV and DSM-5 
assume equal weighting of 18 items with a 
diagnostic threshold set at the additive 
sum of items present. Alternatively, some 
items may be more discriminating or 
indexing greater severity in latent ADHD 
traits. We therefore evaluate for 
differential discriminating properties of 
the 18 items and whether specific 
candidates for a reduced list could be 
identified. The relationship between 
impairment and differential weighting of 
symptom severity as estimated by Item 
Response Theory (IRT) and impairment 
remains unexamined in the literature. 
 Finally, ADHD is frequently comorbid 



with oppositional and conduct problems 
[8]. Furthermore, it may be helpful to the 
clinician to be aware of which ADHD 
symptoms are least confounded with CD 
when assessing ADHD + CD cases. One 
possible reason for the co-existence of 
these conditions is that the wording of 
criteria for each fails to differentiate their 
core expression properly and therefore 
creates overlap, arising from linguistic 
blurring artefact [9]. In the case of ADHD, 
particular attention needs to be paid to 
any item that potentially shares features 
with CD and signifies the presence of 
contamination (if the item concerned 
cross-loads onto both ADHD and the 
comorbid disorders). However, in a study 
by Newcorn et al. [10], patients with 
ADHD and comorbid oppositional defiant 
disorder/conduct disorder scored higher 
on impulsivity than their pure ADHD 
counterparts. 
 This was consistent with previous 
studies [11–13]. Nevertheless, there is 
evidence to indicate that the assumption 
of ADHD as the precursor of CD is largely 
an artefact, as Lahey et al. [14] showed 
that as once the genetic and 
environmental influences on conduct 
problems in early childhood were 
controlled, the predictive power of early 
ADHD symptoms on later conduct 
problems was significantly attenuated. 
 Alternatively, certain ADHD items may 
index the severity or specificity of ADHD 
(as the number of items increases the 
likelihood of the comorbid condition) or 
implicate a distinct familial subtype, as 
supported by previous findings by 
Christiansen et al. [15], or capture the 
presence of pathogenic substrates index-
ing aggression and anti-social tendency, 
reflecting a shared aetiology between 
conditions than other symptoms. Identi-
fying these items can stimulate further 
research in elucidating the complex 
relationships of ADHD and CD association. 
 The objective of this study was to 

evaluate the 18 items/symptoms in 
relation to their (a) properties and (b) 
predictability with respect to ADHD, 
impairment (secondary to ADHD defined 
by the perception of decrease in function 
as determined by parents/carers) and 
comorbid CD diagnosis. The item 
properties refer to (i) reliability, item 
redundancy and information provided 
(either by each item or in total), (ii) ability 
to discriminate between individuals with 
low and high ADHD levels and (iii) the 
assessment of each symptom’s severity. 
With the term predictability, we refer here 
to the extent to which each item/ 
symptom (i) contributes to a positive 
diagnosis of ADHD, (ii) increases the odds 
of impairment and/or (iii) associates with 
a comorbid CD diagnosis. Key questions 
for considering the need for taxonomic 
revisions are therefore: 
 (1) Are there any redundant or non-
informative items for the diagnosis of 
ADHD? Are there DSM-5 items that are 
more discriminatory than others? 
 (2) Are there any items that are not 
associated with ADHD case-ness? Which 
items contribute the most? 
 (3) Which items contribute towards the 
parents’ perception of impairment? 
 (4) Are there any items that are blurring 
the distinction between ‘pure ADHD’ and 
‘ADHD with comorbid CD’? That is, are 
there any distinctive diagnostic items 
between ‘ADHD-only’ and ‘ADHD + CD’? 
 

Materials and methods 
 

Sample 
 

 The International Multicentre AD/HD 
Genetics (IMAGE) project is an internation-
al collaborative study funded by National 
Institute of Mental Health (NIMH) to 
identify candidate genes, genetic markers 
and quantitative trait loci associated with 
AD/HD. The sample consisted of European 
Caucasian subjects recruited from 12 
specialist host centres in eight countries: 



Belgium, Germany, Holland, Ireland, Israel, 
Spain, Switzerland and the UK. Ethical 
approval for the study was obtained from 
ethical review boards within each country 
and informed consent obtained from 
children and families. All children 
(probands and siblings) were aged 5–17 
years, have IQ ≥ 70, of European 
Caucasian descent and with access to at 
least one biological parent for DNA 
collection. Exclusion criteria applying to 
both probands and siblings included 
autism, epilepsy, IQ < 70, brain disorders 
and any genetic or medical disorder 
associated with externalising behaviours 
that might mimic ADHD. A detailed 
description of the study design and 
diagnostic approach has been published 
elsewhere [16–18]. For this analysis, we 
included individuals with complete data 
from the Parental Account of Childhood 
Symptoms (PACS) interview and the 
Conners Parent and Teacher Rating Scales. 
ADHD case-ness was classified according 
to the IMAGE study algorithm (available 
upon request) and the Hypescheme 
(available upon request) [19]. These tools 
have allowed us to translate the 
information collected by PACS into 
individual DSM-IV items. These tools were 
developed, like other detailed interview 
schedules, to embody the DSM criteria in 
operational and behavioural terms, rather 
than using specifically the language of the 
DSM-IV. The validity of the PACS items is 
described by Chen and Taylor [20]. 
Hypescheme and the IMAGE algorithms 
were used to yield each DSM-IV criterion. 
Each DSM criterion was coded as a 
dichotomous variable (0 for absent, 1 for 
present) and a categorical diagnosis of 
ADHD was also recorded [19]. The 
Hypescheme is an operational criteria 
checklist and minimum dataset for the 
research diagnoses of ADHD. It consists of 
a computerised data system requiring 
completion of 111 items and an algorithm 
designed to generate all possible diag-

noses of attention-deficit hyperactivity 
disorders under the DSM-IV classification 
system. 
 

Instruments 
 

PACS 
 

 PACS [20] is a standardised 
investigator-based research diagnostic 
interview, designed to capture accurately 
and systematically the clinical phenotypes 
relating to ADHD (and hyperkinetic 
disorder) and other childhood psychiatric 
disorders. PACS is a semi-structured inter-
view, which elicits specific descriptions of 
behaviours by probing specific social and 
task-related situations, rather than 
ascertaining global impressions that yield 
overall ratings. The PACS items do not 
have the same wording as the DSM, and 
PACS is an attempt to operationalise the 
DSM criteria. The interviewers elicit 
examples of problem behaviours, but 
make their own judgements and ratings of 
severity and frequency. For each item, a 
four-point rating of problem severity is 
generated to give a metric score range 
from 0 to 3. The frequency of problems is 
coded separately, but again on the same 
metric scale with defined cut-off 
thresholds. The structure and adminis-
tration techniques of PACS have been 
designed to minimise opportunities for 
introducing responders’ and raters’ bias. 
PACS inter-rater reliability [20] has been 
reported as adequate in several samples 
and reliability checks have been 
maintained during the project. For the 
IMAGE project, PACS was translated into 
German, Dutch, Hebrew and Spanish. 
‘Impairment’ was defined using a variable 
in PACS ascertaining parental global report 
of functional impairments attributable to 
the symptom domain of inattention and 
the symptom domain of hyperactivity/ 
impulsivity, distinct from the symptom 
severity ascertained by PACS. We summed 
the two impairment items to yield a 



summary variable. A child with a score of 2 
or above in this summary variable (range 
0–4) is designated as ‘impaired’. 
 In the IMAGE project, all probands 
were assessed by PACS, and only a 
proportion of siblings were assessed by 
PACS in accordance with surplus resource 
available to local teams. In this study, only 
individuals assessed by PACS (including 
both probands and siblings) were selected 
for analysis; there was a preponderance of 
probands in this subsample. 
 The diagnosis of CD was derived from a 
PACS algorithm (available upon request). 
The CD variable includes children and 
young people only diagnosed with CD (i.e. 
not with oppositional defiant disorder 
only). 
 

Item abbreviations 
 

 The abbreviations of DSM items used in 
this report are adapted from those used in 
the DSM-IV field trial (Frick et al. [5]) and 
listed in italic as follows: 
 

Inattention items 
 

(1) “Often fails to give close attention to 
details or makes careless mistakes in 
schoolwork, at work, or with other 
activities” (Careless).  
(2) “Often has trouble holding attention 
on tasks or play activities” (Attention).  
(3) “Often does not seem to listen when 
spoken to directly” (Listen).  
(4) “Often does not follow through on 
instructions and fails to finish schoolwork, 
chores, or duties in the workplace (e.g. 
loses focus, side-tracked)” (Instructions). 
(5) “Often has trouble organizing tasks and 
activities” (Disorganised). 
(6) “Often avoids, dislikes, or is reluctant 
to do tasks that require mental effort over 
a long period of time (such as schoolwork 
or homework)” (Unmotivated).  
(7) “Often loses things necessary for tasks 
and activities (e.g. school materials, 
pencils, books, tools, wallets, keys, paper-

work, eyeglasses, and mobile telephones)” 
(Loses).  
(8) “Is often easily distracted” (Distracted). 
(9) “Is often forgetful in daily activities” 
(Forgetful). 
 

Hyperactivity items 
 

“Often fidgets with or taps hands or feet, 
or squirms in seat” (Fidgets). “Often leaves 
seat in situations when remaining seated 
is expected” (Seat). “Often runs about or 
climbs in situations where it is not 
appropriate (adolescents or adults may be 
limited to feeling restless)” (Runs/climbs). 
“Often unable to play or take part in 
leisure activities quietly” (Quiet). “Is often 
“on the go” acting as if “driven by a 
motor”’ (Motor). “Often talks excessively” 
(Talks). “Often blurts out an answer 
before a question has been completed” 
(Blurts). “Often has trouble waiting his/her 
turn” (Wait). “Often interrupts or intrudes 
on others (e.g. butts into conversations or 
games)” (Interrupts). 
 

Statistical analyses 
 

Item properties 
 

 The reliability of the assessment was 
evaluated for the whole sample (including 
both probands and siblings) via the Kuder–
Richardson (KR-20) [21] formula (internal 
consistency coefficient for binary items), 
according to the classical test theory (CTT). 
 Item response theory methods were 
then also applied to the whole sample 
(including both probands and siblings). IRT 
models were fitted for inattentiveness (IA) 
and hyperactivity–impulsiveness (HI). As 
opposed to the CTT, the IRT methodology 
allows for the reliability assessment at any 
desired point on the latent trait spectrum 
(local reliability), either for each item 
and/or for the total set of items (item and 
test information, respectively, according 
to the IRT terminology) instead of the CTT 
overall assessment in cases and controls. 
That is, in IRT the reliability is assessed as 



a function of the trait and is typically 
depicted via the item information curves 
(IIC; for each item separately) and the 
total information curve (TIC; for the total 
set of items). The IRT model also provides 
information regarding the ability of each 
item to discriminate between persons 
with different levels of the trait as well as 
in terms of symptom severity. In 
particular, the two-parameter logistic IRT 
model (2PL) was employed here, 
according to which the probability of a 
symptom j to be present, for a person with 
the latent trait θ, is given by 
 

  Pj(θ)  =  exp [αj(θ −βj)]        
       1+exp [αj(θ −βj)] 
 

where θ stands either for IA or HI, αj is the 
discrimination parameter and βj is the 
difficulty parameter. This probability can 
be plotted over the origin of the trait θ 
(where θ is a latent variable, that is, not 
directly observable but measurable via the 
symptoms endorsement patterns of the 
studied sample) and is assumed a priori to 
follow a normal distribution (with zero 
mean and standard deviation equal to 
one). The resulting curve is referred to as 
the item characteristic curve (ICC). The 
discrimination parameter corresponds to 
the slope of ICC curve. A steep slope (large 
αj) indicates that a small increment in the 
trait value corresponds to a large 
increment in the probability of endorsing a 
particular symptom. Therefore, the corres-
ponding item can discriminate between 
subjects with different trait levels. 
Conversely, a small αj indicates that 
subjects with large differences in their 
trait levels have similar probabilities of 
endorsing the symptom j. The “difficulty” 
parameter, on the other hand, equals the 
trait levels of a person with 50 % chance 
to endorse a symptom. The higher the 
“difficulty” parameter, the higher are the 
IA (or HI) levels required for a 0.5 
probability of a symptom presence. In 
other words, the symptom is more likely 

to be present in subjects with high levels 
of the trait and therefore is more severe. 
The IRT model focuses on the importance 
of each individual symptom. IRT analyses 
model the “item difficulty” parameter and 
“item discrimination” parameter of each 
item in relation to the latent trait within 
the context of the rest of the items. The 
“difficulty” parameter (which is defined at 
the 50 % chance of endorsing a symptom) 
reflects the severity of a symptom, while 
the “discrimination” parameter refers to 
the ability of an item to discriminate 
between low and high scorers (with 
respect to the trait). The model para-
meters can inform us that the presence of 
a particular symptom is associated with 
high trait levels, therefore suggesting that 
this symptom is more likely to be present 
in cases rather than controls. However, 
the item parameters do not provide a 
direct binary outcome (case–control) 
towards case-ness. The MPLUS [22] 
software was used for the IRT analysis. 
 

Predictability 
 

 Logistic regression (LR) was employed 
to evaluate the effect of the presence of a 
symptom on the odds of receiving an 
ADHD diagnosis (response variable). A 
separate model was fitted for each item, 
adjusted for gender and age. In order to 
include in the LR model the information 
provided by the rest of the items, the total 
IA and HI sum scores were computed after 
omitting the item of interest and were 
inserted in the model as covariates. Under 
this approach, the odds ratio (OR) 
reported for each item is conditional on 
the summarised information of the 
remaining items as well as on age and 
gender. The (between items) comparison 
of the ORs is essentially the comparison of 
the effect size of the symptoms on the 
ADHD diagnosis.  
 As opposed to the IRT methodology, 
where the complete response pattern of 
an individual is taken under consideration



(that is, the specific symptoms present in 
each case), the LR approach followed here 
isolates the effect of each symptom 
conditional on the latent trait, as 
measured by the remaining items. The 
same analysis was replicated for the 
parents’ evaluation of impairment and for 
the CD diagnosis. Separate results for each 
gender are also provided for clarity. LR 
analyses were conducted in R [23]. 
 

Results 
 

Sample characteristics 
 

 The recruited sample consisted of 1383 
children initially referred with ADHD (as 
‘probands’) and 405 siblings of the 
probands. Of the 1788 individuals, 1240 
subjects (89.7 %) amongst the probands 
were classified as ADHD cases by research 
protocol and 257 (63.5 %) subjects among 
their siblings, therefore yielding 1497 (i.e. 
1240 + 257) affected cases and 291 (i.e. 
148 + 143) unaffected individuals. The 
mean age was 11 years (SD = 2.8) with no 
significant differences between the two 
groups (t test: t = 1.433, df = 572.7, p = 
0.153, equal variances not assumed) or 
between genders (t test: t = 0.059, df = 
465.0, p = 0.096, equal variances not 
assumed). With respect to gender, the 
percentage of males was significantly 
higher in the proband group (86.5 versus 
62.5 %, χ2 = 117.5, df = 1, p < 0.001) than 
in the siblings group (Table 1). 

 For ADHD + CD analysis, a slightly 
smaller sample was available for analysis 
due to missing data on CD status in some 
individuals. 338 of 1360 (24.9 %) ADHD 
cases and 46 of 307 (15 %) unaffected 
siblings had a CD diagnosis. Different 
subsets of the initial sample were used in 
each section, corresponding to each 
research question posed. 
 

Item properties 
 

 Are there any redundant items for the 
diagnosis of ADHD? Amongst the DSM-IV 
IA items, the item–total correlations (point 
biserial coefficients, r) varied from 0.27 to 
0.44, indicating that none of the items can 
be considered as inconsistent (r < 0.2) or 
redundant (r > 0.7) for the assessment of 
the trait. The KR-20 for IA items was 0.7. 
When any of the items were omitted, this 
coefficient decreased, further supporting 
non-redundancy. Similarly, amongst HI 
items, the item–total correlations varied 
from 0.32 to 0.62. The KR-20 for HI items 
was 0.8 again, indicating robust internal 
consistency. When any of the items were 
omitted, this coefficient decreased, 
indicating therefore non-redundancy. 
 The IRT model, in contrast, allows for 
the evaluation of the information provided 
by each item, at any level of the trait. 
Figure 1 presents the total information for 
selected trait levels (average trait levels, 0, 
as well as 1, 2, and 3 standard deviations 
(SDs) above and below average). The total 
 

 Table 1    Number of IA and HI symptoms present in cases and controls 
 ADHD status      Control (N = 291)  Case (N = 1497)  Total sample 
  IA      Mean     6        8       8 
        SD      2        1       2 
        Median    6        8       8 
        Range     0–9       0–9      0–9 
  HI      Mean     5        8       7 
        SD      3        2       2 
        Median    5        8       8 
        Range     0–9       0–9      0–9 
  Total symptoms  Mean     11        16       15 
        SD      4        2       3 
        Median    12        17       16 
        Range     0–18       6–18      0–18   



 

 
 
Fig. 1 a Total and item information curves, depicting the amount of information provided at 
each point of the trait continuum, by the total set and by each item separately (n = 1788). b 
Item characteristic curves per trait. Curves on the right side of the trait continuum indicate 
more severe symptoms and steeper slopes indicate more discriminative symptoms (n =1788)  
 

information curves represent the inform-
ation across the entire trait continuum. 
The IA scale peaks at −2 SDs and the HI 
one at −1 SD.  
 For the IA symptoms, Careless appears 
to be the most reliable item (i.e. showing 
the highest peak) especially for subjects 
with trait values between −1 and −3 SDs 
(with a peak at −2 SDs). The Distracted 
item, however, is the only reliable 
symptom at a level as low as −3.5 SDs. The 
Loses item is associated with lower 
information values than the previous two 
items; however, it provides the highest 
information amongst all items for subjects 
with trait levels between average and −1 
SD. The symptoms Listen and Attention 
provided the lowest information values 
across the continuum. 
 For the HI symptoms, Motor, Fidgets 
and Runs/climbs were associated with 

high information, at HI levels ranging from 
−2.5 to −0.5 SDs. Interrupts had lower 
values, constituting the only reliable item 
for subjects with HI levels close to −3 SDs. 
Wait and Talks items have also low 
information. The least informative sympt-
om was Blurts, which was associated with 
the lowest values across most of the 
spectrum. Item information curve, Fig. 1a, 
also showed that, in the IA domain, 
Distracted yields most information in the 
low-severity range of the latent trait, 
Careless in the mid-severity range and 
Loses in the high-severity range. In the HI 
domain, Interrupts yields most inform-
ation in the low-severity range and Motor 
in the high-severity range. 
 

Are some DSM‑5 criteria more 
discriminatory? 
 



 Among IA items, the most 
discriminating symptom (i.e. the item 
characteristic curve with the steepest 
gradient) was “careless” and the least 
discriminating ones were Listen and 
Attention. In other words, an increment 
on the IA levels corresponds to a 
substantial increase in the probability of 
endorsing the Careless symptom, but this 
is not the case for the least discriminating 
items. Amongst the HI items, the most 
discriminating item was Motor and the 
least discriminating one was Blurts. 
 Loses was the most severe symptom 
amongst IA items, meaning that subjects 
had a 50 % chance to endorse this item 
with IA levels of −1 SD, and Distracted was 
the least severe symptom. Not all IA items 
carry equal weight of severity. Items are 
listed according to decreasing severity as 
follows: Loses (−1.08), Forgetful (−1.17), 
Instructions (−1.38), Attention (−1.41), 
Unmotivated (−1.78), Disorganised (−1.87) 
Listen (−1.96), Careless (−2.05) and 
Distracted (−3.00). 
 Among the HI symptoms, the most 
severe symptom was Quiet and the least 
severe was Interrupts. Items are listed 
according to decreasing severity as 
follows: Quiet (−0.69), Motor (−1.02), Seat 
(−1.81), Blurts (−1.26), Runs/climbs 
(−1.29), Wait (1.40), Talks (1.48), Fidgets 
(1.52) and Interrupts (−2.62). 
 Item information curves showed that, 
in the IA domain, Distracted yields most 
information in the low-severity range of 
the latent trait, Careless in the mid-
severity range and Loses in the high-
severity range. In the HI domain, 
Interrupts yields most information in the 
low-severity range and Motor in the high-
severity range.  
 In the current sample, subjects with 
average traits (0) had more than 80 % 
chance to endorse any of the symptoms. 
This reflects that the current sample is a 
clinical one, with high ADHD prevalence. 
 

Predictability 

Are there any items that are not 
associated with ADHD caseness? Which 
items contribute the most to caseness? 
 

 We estimated the ORs for caseness for 
each item. The comparison group, in this 
section, consisted of siblings who did not 
have an ADHD diagnosis (of any type). The 
cases consisted of ADHD probands of 
combined or IA or HI subtypes, depending 
on whether the symptom of interest was 
an IA or an HI symptom. Cases whose 
siblings were in the control group were 
excluded from this analysis. Therefore, 
none of the cases and/or controls was a 
relative of any other subject in the sample, 
to minimise potential bias (Table 2). 
 For the IA items, the symptoms of 1026 
cases and 145 controls were analysed, 
adjusted for age and gender. Before 
adjusting for the total IA and HI scale 
scores, the ORs were highly significant for 
all nine items. After controlling also for the 
two scale scores, only five items remained 
significant, namely Careless, Attention, 
Listen, Instructions, and Disorganised. The 
largest OR corresponded to Careless, 
where the odds of being classified as a 
case were nine times higher for the 
subjects who endorse the symptom com-
pared to the ones who do not, adjusted 
for age, gender and trait sum scores. 
 For the HI items (1055 cases and 145 
controls), all ORs were highly significant 
prior to adjusting for the IA and HI scores. 
After controlling for the traits, only six 
items remained significant, namely 
Interrupts; Fidgets; Runs/climbs; Motor; 
Talks and Wait. Amongst these, the OR of 
the Interrupts item was the highest (13). 
Which items contribute towards the 
parents’ perception of impairment? 
 All symptoms significantly increased 
the odds of impairment by 2 to 4.6 times, 
before adjusting for the IA and HI total 
scores. After adjustment, only Listen, Seat 
and Quiet remained significantly 
associated with impairment. Interestingly, 
while the presence of the former two 



symptoms increased the odds of impair-
ment, the presence of the Quiet symptom 
reduced the odds in subjects with the 
same trait scores, gender, and age. The 
reduction was even higher in the female 
sample, but not significant for the males. 
Finally, when only the males were 
considered, a reduction in the scores was 
also present under the presence of the 
Loses symptom (Table 3). 
 

Are there any items that are blurring the 
distinction between ADHD without 
comorbid CD (ADHD − CD) and ADHD with 
comorbid CD (ADHD + CD)? That is, are 
there any distinctive diagnostic items 
between ADHD − CD and ADHD + CD? 
 

 Among cases, 24.9 % were diagnosed 

with comorbid CD. A series of LRs models 
were carried out comparing ADHD + CD 
with ADHD − CD, first for each item 
adjusted only for age and gender and then 
by adjusting also for the IA and HI scores 
(computed after excluding the item of 
interest). 
 In the total sample, the items associ-
ated with increased elevated risk with CD 
are Unmotivated, Loses, Seat, Runs/climbs, 
Quiet, Motor and Wait. When adjusted for 
the IA and HI scores, the presence of the 
Unmotivated and Loses remained 
significant and indicated an increment in 
the odds of having comorbid CD. On the 
contrary, the presence of the symptoms 
Listen and Talks reduced the odds of 
comorbid CD (Table 4).  

 
Table 2  
Odds ratios (standard error) for ADHD “caseness” (case/control–response variable), in the 
presence of each item/symptom  

- Cases: 1120 (males: 975) / controls: 145 (males: 73) 
- Nagelkerke’s R2 was 0.7 for the total sample models, 0.6 for males and 0.7 for females 
- Significant ORs are denoted in bold  
- The largest values are denoted in bold italics  

*  Not enough cases to estimate the OR 
a  All models are adjusted for age and gender b  All models are adjusted for age, IA and HI scores 
 
         Total sample 

a
           Stratified by gender 

b
       

     Unadjusted for IA  Adjusted for IA and  Males           Females      
     and HI scores    HI scores    
     OR (SE)  p value   OR (SE)  p value   OR (SE)  p value   OR (SE)  p value 
 

01 Careless   82.7 (1.6)  <0.001   9.0 (2.2)  0.006            16.0 (2.6)     0.004   2.5 (3.7)  0.477 
02 Attention   10.8 (1.2) <0.001   3.7 (1.4)  <0.001   5.8 (1.4)   <0.001   1.9 (1.7) 0.224 
03 Listen    9.1 (1.3) <0.001   3.6 (1.4) <0.001   4.6 (1.5)   <0.001   2.9 (1.8) 0.066 
04 Instructions  8.0 (1.2) <0.001   3.4 (1.4) <0.001   3.2 (1.5)     0.003   4.1 (1.7)  0.010 
05 Disorganised 17.5 (1.3) <0.001   3.5 (1.5)  0.004    2.8 (1.7)     0.058   4.9 (2.2)  0.046 
06 Unmotivated 11.5 (1.3) <0.001   2.1 (1.5) 0.069    1.9 (1.7)     0.223   2.2 (1.9) 0.197 
07 Loses    6.7 (1.2) <0.001   1.4 (1.4)  0.279    1.1 (1.5)    0.888   2.5 (1.8)  0.105 
08 Distracted       32.6 (2.0) <0.001   7.7 (5.0)  0.204    7.3 (5.0)    0.217   *  
09 Forgetful   4.7 (1.2) <0.001   1.4 (1.4) 0.287    1.6 (1.5)     0.222   1.1 (1.8)  0.876 
10 Fidgets       35.7 (1.3) <0.001   3.2 (1.6)  0.015    3.4 (1.6)     0.008   3.4 (1.6)  0.008 
11 Seat    9.7 (1.2) <0.001   1.6 (1.4) 0.223    1.5 (1.4)     0.224   1.5 (1.4) 0.224 
12 Runs/climbs   22.7 (1.3) <0.001   3.1 (1.5)  0.006    3.9 (1.5)     0.001   3.9 (1.5) 0.001 
13 Quiet    8.8 (1.2) <0.001   1.5 (1.4)  0.220    1.6 (1.4)     0.114   1.6 (1.4) 0.114 
14 Motor        24.7 (1.3) <0.001   3.8 (1.4) <0.001   3.5 (1.4)    <0.001   3.5 (1.4) <0.001 
15 Talks        10.4 (1.3) <0.001   4.7 (1.5) <0.001   4.1 (1.5)   <0.001  4.1 (1.5) <0.001 
16 Blurts    6.3 (1.2) <0.001   1.6 (1.4)  0.168    1.6 (1.4)       0.155   1.6 (1.4)  0.155 
17 Wait        15.6 (1.2) <0.001   4.2 (1.4) <0.001   4.8 (1.4)   <0.001   4.8 (1.4) <0.001 
18 Interrupts       27.2 (1.6) <0.001      13.3 (2.1) 0.001       12.6 (2.1)       0.001       12.6 (2.1)  0.001  



 
Table 3  
Odds ratios (standard error) for impairment (yes/no-response variable), in the presence of 
each item/symptom  

- Impairment present: 960 (males: 817)/impairment absent: 807 (females: 662) 
- Nagelkerke’s R2 was 0.7 for the total sample models, 0.6 for males and 0.7 for females 
- Significant ORs are denoted with bold 
- The largest values are denoted with bold italics  

a  All models are adjusted for age and gender b  All models are adjusted for age, IA and HI scores  

 
         Total sample 

a
            Stratified by gender 

b
     

     Unadjusted for IA  Adjusted for IA and   males     females    
     and HI scores    HI scores    
     OR (SE)  p value   OR (SE) p value    OR (SE) p value  OR (SE) p value 
 

01 Careless   4.5 (1.3)  <0.001  0.8 (1.4) 0.497     1.2 (1.6) 0.677   0.4 (1.8) 0.099 
02 Attention   3.3 (1.2)  <0.001   1.1 (1.2)  0.605     1.0 (1.3)  0.940   1.4 (1.5) 0.438 
03 Listen    3.6 (1.2)  <0.001   1.6 (1.3)  0.049     1.6 (1.3) 0.093   1.6 (1.6) 0.331 
04 Instructions  3.4 (1.2)  <0.001   1.3 (1.3)  0.216     1.3 (1.3) 0.258   1.3 (1.5) 0.549 
05 Disorganised 3.8 (1.2)  <0.001   1.1 (1.3)  0.849     1.1 (1.4)  0.794   1.0 (1.6)  0.982 
06 Unmotivated  3.3 (1.2)  <0.001   1.0 (1.3) 0.964     1.2 (1.4  0.589   0.7 (1.6) 0.542 
07 Loses    2.5 (1.2)  <0.001   0.7 (1.3)  0.203     0.6 (1.3)  0.038   1.6 (1.5)  0.285 
08 Distracted   4.4 (1.7)  0.005    0.6 (1.8) 0.472     1.6 (2.0)  0.500   0.1 (3.5) 0.057 
09 Forgetful   2.0 (1.2)  <0.001   0.7 (1.3)  0.089     0.6 (1.3)  0.094   0.8 (1.6) 0.553 
10 Fidgets   4.6 (1.2)  <0.001   1.4 (1.3)  0.268     1.3 (1.4)  0.437   1.5 (1.7)  0.456 
11 Seat    3.7 (1.2)  <0.001   1.7 (1.3)  0.028     1.4 (1.3)  0.209   2.6 (1.6)  0.032 
12 Runs/climbs  4.2 (1.2)  <0.001   1.5 (1.3)  0.116     1.4 (1.4)  0.345   1.8 (1.6)  0.213 
13 Quiet    2.1 (1.2)  <0.001   0.6 (1.3)  0.045     0.8 (1.3)  0.379   0.3 (1.7)  0.011 
14 Motor    3.7 (1.2)  <0.001   1.1 (1.3)  0.783     0.8 (1.4)  0.614   1.9 (1.7)  0.219 
15 Talks    2.4 (1.2)  <0.001   0.9 (1.3) 0.584     1.1 (1.3)  0.748   0.5 (1.6)  0.161 
16 Blurts    1.9 (1.2)  <0.001   0.7 (1.2)  0.079     0.6 (1.3)  0.066   0.9 (1.5)  0.798 
17 Wait    3.0 (1.2)  <0.001   0.9 (1.3)  0.695     1.0 (1.3)  0.965   0.7 (1.6)  0.428 
18 Interrupts   4.0 (1.3)  <0.001   1.2 (1.4) 0.620     1.5 (1.5)  0.382   0.9 (1.8)  0.809  

 
Discussion 
 
 There are four key findings in this 
study. First, there was no clear evidence of 
item redundancy amongst the 18 DSM-IV 
items using CTT analyses, in regard to KR-
20 and item–total correlations. The IRT 
models, however, indicated that the items 
Listen (IA) and Blurts (HI) with flat slopes 
did not provide satisfactory information. 
These items had the lowest discrimination 
parameters within their scales and similar 
severity with other items (see Fig. 1b). 
 Second, not all the DSM-IV items (now 
DSM-5) carry equal weighting. Loses, 
Forget and Attention mark severity for IA 
items and Quiet, Motor, Seat and Blurts 
for HI items. In contrast, Distracted, 

Careless, Interrupts and Fidgets are 
associated with milder presentations. 
 Most interestingly, item information 
curves (see Fig. 1a) showed that, in the IA 
domain, Distracted yielded most 
information in the low-severity range of 
the latent trait, Careless in the mid-
severity range and Loses in the high 
severity range. In the HI domains, 
Interrupts yielded most information in the 
low-severity range; but Motor and Quiet in 
the high-severity range. These three IA 
and two HI items, therefore, have 
distinctive characteristics. If replicated, 
these findings can potentially isolate the 
unique properties of these specific items 
in capturing different ranges of ADHD 
phenotype, analogous to different maths 



examination questions capturing students 
with low, average and high maths abilities. 
These findings would stimulate more 
research. 
 Third, all 18 items predicted impair-
ment. However, after adjusting for the 
total number of symptoms, only a few 
Items remained significant, with Listen and 
Seat predicting increased impairment. 
 Fourth, in terms of comorbidity with 
CD, specific items, in particular Unmotivat-
ed and Loses, are associated with ‘ADHD + 
CD’ status. 
 

(1) Item redundancy and caseness 
 

 Our findings provide support for the 
diagnostic utility of the DSM-IV ADHD 18 
items, which have been kept essentially 
unchanged in DSM-5. Purpura et al. [24] 
applied IRT analysis to ADHD symptoms in 
preschool children, using polytomous 
items. They found also the Instructions 
item in the IA trait and Runs/climbs and 
Quiet items in the HI trait to be the most 
informative. The symptom Listen for the IA 
trait as well as Blurts for the HI were also 
identified as the items with the lowest 
information in their study. Evidence 
against those items is reported also by 
Willcutt et al. [6]. Our results point 
towards the same direction, that is, these 
items could be considered for removal, 
prior to any other item. It should be 
noted, however, that the item Listen 
(unlike the item Blurts) significantly 
predicted ADHD caseness, impairment and 
comorbid CD in our data, even after 
adjusting for the number of symptoms 
present. 
 Frick et al. [5] conducted the DSM-IV 
field trial to select diagnostic symptom 
criteria for ADHD caseness. They found 
Disorganised, Forgetful, Loses and 
Unmotivated to carry high positive 
predictive power amongst the selected IA 
symptoms; for HI symptoms, they 
identified Motor, Runs/climbs, Fidgets and 
Quiet. In our sample, after adjusting for 

age, gender and the two trait scores, the 
Disorganised item is replicated for IA; 
Attention, Careless, Instructions and Listen 
items were significantly associated with 
caseness. For HI items, Motor, Runs/ 
climbs and Fidgets were replicated; 
significant predictions for Wait and Talks, 
but not Quiet, were found. 
 

(2) Discriminatory items 
 

 Young et al. [25] applied the Partial 
Credit model to identify the most 
discriminative ADHD items, in an 
Australian community twin sample, using 
the SWAN rating scale; and found Care-
less, Instructions, Loses in IA trait and 
Fidgets, Motor and Interrupts in HI trait, 
as the “first rank” symptoms in discrim-
inating the combined subtype of ADHD 
cases. Even though the authors studied 
polytomous items, rather than binary, our 
results concur with this study for Careless, 
Motor and Fidgets. 
 Gomez et al. [26] applied IRT to a 
sample of primary school-aged children 
using parent-rated DBRS scale and found 
Instructions, Careless, Attention, Disorgan-
ised and Unmotivated items in the IA trait, 
and Runs/climbs item in the HI trait, as the 
best discriminatory symptoms. Apart from 
Instructions, these items overlap partially 
with our detected discriminatory items. 
 Overall, the identified discriminatory 
items vary across studies and could be 
susceptible to sample and measurement 
differences. Our sample is unique in 
ascertaining ADHD probands and their 
siblings and therefore probably isolating 
items that best discriminate clinical cases 
from sub-threshold symptomatic siblings. 
The items identified in our study may 
therefore have survived a rigorous test: 
that is, discriminating between individuals 
with high levels of the traits. 
 According to our results, a notable 
finding is that not all the DSM-IV items 
(now DSM-5) carry equal weighting. This is 
a striking finding from the clinical point of 



view. Loses, Forgetful and Attention mark 
severity for IA items and Quiet, Motor, 
Seat and Blurts for HI items. Interestingly, 
three severe HI items (Quiet, Motor and 
Seat) are significantly associated with 
comorbid CD. The clinical relevance and 
treatment implications remain unexplored 
and warrant further research. However, if 
replicated, these symptoms could index a 
need for more vigorous clinical manage-
ment, to reduce the risk of developing 
conduct problems and potentially 
associated antisocial personality disorder. 
 

 Polanczyck et al. [27] have used the 
Rasch model of IRT to compare adolesc-
ents and adults with ADHD in a represent-
ative Brazilian population sample. The 
authors report that the adolescent data 
provide a better fit with the Rasch model 
than adults. Amongst the six items exam-
ined, the decreasing order of severity of 
the paraphrased items is as follows: 
Careless, Disorganised, Instructions, 
Forgetful, Motor and Fidgets. The authors 
suggest viewing the phenomenology of 
ADHD within a developmental framework. 
These findings are not directly comparable 
to our results, since screening items were 
measured and all fitted via the one para-
meter Rasch model and therefore equal 
discrimination was assumed for all items, 
using data from a community sample. 
 

(3) Prediction of impairment 
 

 There are items that predict decreased 
impairment: Quiet in the overall sample 
and in females and Loses in males. Our 
measure of impairment reflects the par-
ental perception. A possible explanation 
could be that noisy children are more 
closely monitored by their parents, there-
by reducing the likelihood of risky behav-
iour. Likewise, children who lose things 
might be more scaffolded by their parents. 
 

(4) Differences of items in ADHD-only and 
ADHD + conduct disorder cases 
 

 Some items are significantly more 
common in ‘ADHD + CD’ cases. There 
could be three possible interpretations. 
First, these items could be more 
pathogenic leading to the developmental 
expression of CD complication; however, 
this hypothesis has been refuted by Lahey 
et al. [14]. Second, ‘ADHD + CD’ may 
delineate a distinct disorder, as suggested 
by the ICD-10 category of Hyperkinetic 
Conduct Disorder [28] by its differential 
response profile to treatment [29], also 
indexed by ADHD severity and as a distinct 
familial subtype [15], and by possible 
genetic heterogeneity with one study 
showing DAT1 genotypes as having a 
significantly greater genetic influence on 
ADHD without CD [30]. Our ‘ADHD + CD’ 
specific items could potentially alert to 
comorbidity with CD. Third, the ADHD 
items common to both conditions are 
more specific to ‘ADHD per se’, i.e. 
representing a purer ADHD phenotype. 
 

 If our findings are replicated by 
prospective longitudinal data, these ADHD 
+ CD specific items could potentially alert 
the clinician to the possibility of comorbid 
CD in a child or young person diagnosed 
with ADHD. 
 

 Several limitations need to be 
considered. Our analysis relied mostly on 
information provided by the carers and is 
therefore subject to reporter bias (inform-
ation from teachers as independent 
sources of information did, however, 
contribute towards diagnostic status of 
case-ness). Our sample consists of ADHD 
cases ascertained from psychiatric and 
paediatric clinics and their non-ADHD 
siblings form the comparison group, so the 
comparison group was not independently 
ascertained. Nevertheless, the findings 
confirming the robust utility of the ADHD 
18 items, which have been kept in DSM-5, 
are striking, as this limitation would have 
biased the results towards the null 
hypothesis. As highlighted by Willcutt et 



al. [6], the diagnoses of ADHD subtypes 
are not stable over time. Our study is 
cross-sectional comparing a population 
with ADHD and non-ADHD siblings. Given 
the design of the study, we may not be 
considering subjects with varying develop-
mental trajectories. 
 

 In summary, first, all 18 DSM-IV items 
contributed significantly and independent-
ly to the clinical diagnosis of ADHD. 
Second, not all the DSM-IV items carry 
equal weighting. Loses, Forgetful and 
Attention mark severity for Inattentive-
ness (IA) items and Quiet, Motor, Seat and 
Blurts for Hyperactivity/Impulsivity (HI) 
items. Distracted, Careless Interrupts and 

Fidgets are associated with milder 
presentations. In the IA domain, 
Distracted yields most information in the 
low-severity range of the latent trait, 
Careless in the mid-severity range and 
Loses in the high severity range. In the HI 
domains, Interrupts yields most inform-
ation in the low-severity range and Motor 
in the high-severity range. Third, all 18 
items predicted impairment. Fourth, 
specific ADHD items are associated with 
ADHD + CD status. To conclude, the DSM-
IV diagnostic items were valid and not 
redundant; however, some carried more 
weight than others. All items were 
associated with impairment. 

 

Table 4  
Odds ratios (standard error) for comorbid CD (present/absent-response variable), in the 
presence of each item/symptom 

- CD present: 343 (females: 302) / CD absent: 1078 (females: 904) 
- Nagelkerke’s R2 was 0.04–0.05 for the total sample models, 0.03–0.04 for males and 

0.16–0.21 for females  
- Significant ORs are denoted with bold 

 -  The largest values are denoted with bold italics 
* Not enough cases to estimate the OR 
a All models are adjusted for age and gender  b All models are adjusted for age, IA and HI scores 
 

     Bivariate        Total           Stratified          
 

     
Associations     sample 

a
          by gender 

b
         

      CD (%)  Chi square  Unadjusted for  Adjusted for    males     females 
        (df =1)    IA & HI scores   IA & HI scores               
     No   Yes  χ2   p value  OR (SE)  p value  OR (SE)  p value  OR (SE)  p value  OR (SE)  p value 
 

01 Careless  98   99  0.387  0.534   1.5 (1.7)  0.442   0.7 (1.8)  0.542   1.2 (2.2)  0.831   0.2 (3.0)  0.115 
02 Attention   85   91  6.692  0.010   1.7 (1.2)  0.111   1.2 (1.3)   0.435  1.0 (1.3)   0.873   3.1 (2.1)  0.125 
03 Listen    92   91  0.157  0.692  0.9 (1.2) 0.568   0.6 (1.3)   0.022   0.6 (1.3)   0.046  0.6 (1.8)  0.354 
04 Instructions  86 89   1.069  0.301   1.2 (1.2)  0.385   0.8 (1.2)   0.463   0.8 (1.3)   0.388   1.0 (1.7)  0.943 
05 Disorganised 96 96   0.001  0.999   1.0 (1.4)  0.937   0.6 (1.4)  0.177   0.6 (1.5)   0.241   0.6 (2.3)  0.607 
06 Unmotivated  91 97       11.616  0.001   2.9 (1.4)  0.001   2.2 (1.4)   0.023   2.0 (1.5)   0.063   3.3 (2.4)  0.167 
07 Loses    79  87     12.654 <0.001   1.9 (1.2)  0.000   1.5 (1.2)   0.048   1.7 (1.3)   0.026  0.9 (1.7)  0.915 
08 Distracted    99  99  0.094  0.759  0.4 (2.5)  0.361   0.3 (2.7)   0.183   0.6 (3.4)   0.711   0.1 (7.3) 0.149 
09 Forgetful   79   83  2.252  0.133   1.2 (1.2)  0.197  0.8 (1.2)  0.430   0.8 (1.3)   0.417   0.8 (1.8)  0.653 
10 Fidgets   94   97  2.573  0 .109   1.8 (1.4)  0.888  0.8 (1.5)   0.515   0.8 (1.5)   0.615   0.4 (3.5) 0.428 
11 Seat    84   89  4.633 0.031   1.6 (1.2) 0.012   1.0 (1.3)   0.904   1.0 (1.3)   0.971   1.1 (2.1)  0.932 
12 Runs/climbs  89 95      11.029  0.001   2.6 (1.3) 0.001   1.5 (1.4)   0.203   1.6 (1.4)   0.152   0.7 (2.3)  0.684 
13 Quiet    72   84     19.036 <0.001    2.1 (1.2)  0.000   1.4 (1.2)  0.069   1.3 (1.2)   0.181   2.8 (2.0)  0.127 
14 Motor    86   93     11.982  0.001   2.1 (1.3) 0.001   1.1 (1.3)   0.787   1.2 (1.4)  0.525   0.4 (2.5) 0.270 
15 Talks    89   89  0.001  0.999   1.0 (1.2)  0.878   0.5 (1.3)   0.003   0.6 (1.3)   0.045   0.1 (2.4)  0.002 
16 Blurts    79   83  2.361  0.124   1.3 (1.2)  0.107   0.8 (1.2)   0.213   0.7 (1.2)   0.107   2.7 (2.3)  0.228 
17 Wait    87 94   9.995  0.002   2.1 (1.3)  0.002   1.3 (1.3)   0.331   1.2 (1.3)   0.556   1.8 (2.4)  0.499 
18 Interrupts    98 99   1.217  0.270   3.5 (2.1)  0.089   1.9 (2.2)   0.419   1.7 (2.2)   0.517 * 
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