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Abstract

We need accurate screening measures for attention-deficit/hyperactivity disorder (ADHD) to ensure that children with the
disorder are referred for assessment without raising concern for children with normal behaviour. The Strengths and Difficul-
ties Questionnaire (SDQ) provides hyperactivity—inattention (HI), conduct, emotional and peer problem subscales and impact
scores that may be used for screening. The aim of the study was to investigate the predictive validity of the Danish version
of the parent SDQ HI subscale at the child age of 7 years for subsequent clinically diagnosed ADHD (age 8—15 years). Par-
ticipants were part of the Danish National Birth Cohort (N=51,096), and children with ADHD were identified through the
Danish National Health registries (n=943). Receiver operating characteristic analysis showed that the screening accuracy
for the HI scores was good (area under the curve =.84). With Cox multivariate regression analysis, we found that SDQ HI
subscale scores > 7 with impact gave a nearly 14-fold [hazard ratio (HR)=13.59] increased risk for ADHD, while conduct
and emotional problems indicated low risk (HRs of 1.62 and 1.67, respectively). For the HI subscale to be a sensitive meas-
ure for ADHD, a low cutoff (4) was needed, but gave many false screening positives (PPV =.02). Although the diagnostic
accuracy of the parent version of the SDQ HI subscale for predicting ADHD was good, our results question the feasibility
of screening the general child population for ADHD with only the parent SDQ HI subscale.
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Introduction

Attention-deficit/hyperactivity disorder (ADHD) is charac-
terized by impairing symptoms of hyperactivity, impulsiv-
ity and attention deficit [1, 2]. The onset of the disorder
occurs during childhood and is estimated to have a preva-
lence rate of about 5% [3, 4]. Co-occurring emotional and
behavioural disorders are common [5-8]. Throughout life,
ADHD is associated with an increased risk of other psy-
chiatric disorders, educational and work failure, accidents,
social problems, addictions and premature death, the latter
especially in those diagnosed in adulthood [9-12]. If ADHD
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goes undetected in children, the outcome may worsen [13].
However, misclassifying children with age-appropriate
activity, impulsivity and attention as screening positive for
ADHD might cause unnecessary concern and use of health
services, indicating that accurate screening is essential.
The Strengths and Difficulties Questionnaire (SDQ) has
shown promise as a screening measure for detecting ADHD
in both clinical and community samples [14—17]. The ques-
tionnaire is user-friendly, and consists of only 25 items
with five subscales (each with five items) on hyperactiv-
ity—inattention (HI), conduct (CD), emotional (ED) and peer
problems, and prosocial behaviour. The first four problem
subscales may be summarized as a total difficulties score
(http://www.sdginfo.com) [18]. A cross-sectional commu-
nity study (N=18,232) that tested the accuracy of the SDQ
in identifying ADHD (measured with a diagnostic interview)
in 5-15-year-olds concluded that the HI subscale and total
difficulties score performed equally well [both with areas
under the curve (AUCs) > .90] in discriminating between
children with ADHD and those without, and significantly
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better than the conduct problem subscale (AUCs > .80 for
all age groups) [17].

Guidelines recommend the use of screeners that bal-
ance the ability to correctly classify the presence/absence
of at least 70% of cases/non-cases [19]. One cross-sectional
community study (N=6233) suggested that a cutoff of four
or five (out of ten) on the SDQ HI subscale gave the best
balance between sensitivity and specificity for identifying
ADHD (defined by another rating scale) [20], rather than
the cutoff of >7 used in some epidemiological studies [21,
22]. Conversely, a clinical study found its highest diagnostic
accuracy (positive likelihood ratio=27.36) when using a
cut-off > 8 [15]. Neither of these two studies investigated
whether the CD, ED and/or peer problem subscales added
to diagnostic accuracy.

Cross-sectional studies have considerable limitations; a
review from 2010 identified only three out of 48 studies
of 4-12-year-old children (N=131,223) that presented evi-
dence for the predictive validity of the SDQ in a longitudinal
design, and only one of parent HI ratings [16]. That study
did not investigate the predictive validity of the ADHD diag-
nosis, but reported SDQ HI scores to be moderately stable
over a 12-month period (r=.77) [23]. Responding to this
lack of research, one longitudinal study found that the HI
subscale scores at 3 years of age positively predicted ADHD
2 years later [24]. A recent cohort study of 5—7-year-old chil-
dren from the County of Copenhagen, Denmark (N=2315)
found that combining high SDQ HI subscale scores (> 6) as
well as impact from parents and teachers [according to the
possible/probable algorithm for the prediction of a hyperac-
tivity disorder (SDQHK), provided by the SDQ developers
at http://www.sdqginfo.com] gave about a 20-fold increased
risk of a subsequent ADHD diagnosis being registered in
the National Health Registry at school age [25]. That same
study found that the SDQ prediction algorithm for ‘any
probable diagnosis’ gave a similar level of risk [hazard ratio
(HR)=16.34] for ADHD as the HI subscale (HR =20.65),
which was taken to indicate that psychopathology outside
the core symptoms of ADHD increases the risk of later
ADHD [25]. However, children given the SDQ prediction
of ‘any probable diagnosis’ were less likely than children
identified by the SDQHK possible/probable algorithm to
later be diagnosed with ADHD (Positive predictive values
(PPVs) of .10 and .33, respectively) [25].

Screening based on parent ratings is the easiest to imple-
ment in clinical and population settings and is thus con-
sidered more efficient and cost-effective than collecting
information from teachers. However, there are few studies
on the predictive validity of the parent SDQ for detecting
ADHD in a population setting. In the present study, our
overall aim was to investigate the predictive validity of the
parent HI subscale (sum scores and a parent prediction cat-
egory defined by high scores with impact) at the child age
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of 7 years for subsequent ADHD diagnosis (age 815 years).
To achieve this, we investigated (1) the diagnostic accuracy
of the HI subscale, other problem subscales, and total dif-
ficulties sum scores, (2) whether the SDQ HI, CD, ED and/
or peer problem subscales (sum scores and parent prediction
categories defined by high scores with impact) increased the
risk for subsequent ADHD and (3) which SDQ HI subscale
cutoff scores (alone and with impact) best balanced sensitiv-
ity and specificity for identifying subsequent ADHD.

Method
Participants and procedures

The present study was part of the Danish National Birth
Cohort (DNBC) where general practitioners recruited
women early in pregnancy between 1996 and 2003 [26].
When the child was 7 years old, a follow-up questionnaire
about child health and development, including the parent
version of the Strengths and Difficulties Questionnaire
(SDQ) (http://www.sdq.com), was completed by the primary
caregiver (99% mothers), either through the internet or on
paper. A total of 57,273 participated in the 7-year follow-
up. We excluded twins and siblings (n=5431), and children
with missing SDQ data (n=321). Missing data were defined
as present when at least one of the 25 items was missing.
The proportion of children diagnosed with ADHD among
the excluded due to missing SDQ data was not significantly
different from that in the overall population (2.8% versus
2.7%, respectively, p=.87). The missing SDQ data were not
gender specific (166 boys, 155 girls). The study population
with complete SDQ data was 51,521. We then linked the
DNBC with the Danish National Patient Register [27], the
Danish Psychiatric Central Register [28] and the Register
of Medicinal Product Statistics [29], and identified children
diagnosed with ADHD (see below). We excluded a total of
425 children who received an ADHD diagnosis or redeemed
ADHD medication before the age of 8 years, rendering a
total of 51,096 children for analyses.

ADHD diagnoses

ADHD diagnoses were identified through two different
approaches. First, we used the Danish patient registries
[27, 28], recording diagnoses given through outpatient
or inpatient hospital contacts with clinicians who use the
International classification of diseases and related health
problems, 10th ed. (ICD-10) [30]. We defined ADHD to be
present when ICD-10 Hyperkinetic Disorder diagnoses FO0
or F98.8 were registered at > 8 years of age. Hyperkinetic
Disorder corresponds to the ADHD diagnosis in the Diag-
nostic and statistical manual of mental disorders (DSM-5)
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[2]. The Danish National Patient Register was updated to
October 2010 and the Danish Psychiatric Central Register
to March 2013. Second, we used the Register of Medicinal
Product Statistics with information about prescribed ADHD
medication in Denmark. This was done to include ADHD
patients diagnosed in private psychiatric practices in Den-
mark, which do not report diagnoses to the patient regis-
tries. Children were defined as being diagnosed with ADHD
when they had two or more prescriptions of methylphenidate
(NO6BAO04), or atomoxetine (NO6BAQ9) in the register at
> 8 years of age. The Register of Medicinal Product Sta-
tistics included prescriptions redeemed until 31 December
2011. All children were followed from birth until a diag-
nosis of ADHD, medication prescription (defined above),
death or emigration, whichever came first. The information
on death and emigration was obtained from the Civil Reg-
istration System, which was updated on 18 October 2010.
Of the 943 children with ADHD diagnoses, 79% were boys
(n="746) and 21% girls (n=197) (p <.001), a ratio of 3.8:1.
We made analyses to check for possible gender differences
in diagnostic accuracy for all the problem subscale scores,
but as the results were not significantly different for boys and
girls, we chose to pool the data.

Strengths and Difficulties Questionnaire (SDQ)

We used the Danish version of parent-reported SDQ [18].
The questionnaire consists of 25 questions rated on a three-
point Likert scale (not true, somewhat true and certainly
true; range 0-2). There are five SDQ subscales (each with
five items) on hyperactivity—inattention (HI), conduct (CD),
emotional (ED), peer problems and prosocial behaviour.
The first four may be summarized to a total difficulties
score. Additionally, an impact supplement of eight ques-
tions was provided to the parents. The first impact question
asks whether the informant believes the child has a problem.
The remaining questions assess chronicity, distress, social
impairment and burden for others. The range of possible
impact scores is 0—10. The questions on impact inquire about
four domains: home life, friendships, classroom learning and
leisure activities [31]. The psychometric properties of the
SDQ have generally been found to be satisfactory [16, 18,
32, 33], with low correlations between subscales, indicating
that they are relatively “uncontaminated” by one another
[18].

In the present study, we used the HI subscale along with
the other problem subscales: CD, ED and peer problems.

As there are no Danish norms available at present, the HI,
CD and ED subscale scores, along with the impact scores,
were dichotomized based on part of the prediction algo-
rithm of the British norms (available at http://www.sdqin
fo.com) used in a previous Danish study [25]. There is no
available algorithm for the peer problem subscale; we were,

therefore, not able to do a priori dichotomization in a sound
way. Ideally, the SDQ prediction algorithm for hyperactivity
disorders (SDQHK) should include information from both
parent and teacher. With only the parent SDQ available, and
to reduce false positives in the Cox analyses, we computed
our parent (p) SDQ prediction categories on the strictest
prediction algorithms as follows: hyperactivity disorders
(p-SDQHK): HI score >7 and impact >2 or HI score >9
and impact > 1, conduct disorders (p-SDQCD): CD score
>5 and impact > 2, and emotional disorders (p-SDQED):
ED score >5 and impact > 1.

Demographics

Socio-occupational status was based on the current or most
recent job within the last 6 months or on the type of edu-
cation if the parent was attending school. Three categories
were defined: (1) ‘High’ included parents in management or
in jobs requiring higher education. (2) ‘Middle’ consisted
of office workers, service workers, skilled manual workers
and parents in the military and (3) ‘Low’ included unskilled
workers and the unemployed. Women who could not be clas-
sified in this way (4.1%) were categorized according to their
husband’s socio-occupational status, defined by the same
categories [34]. The frequencies of low and medium socio-
occupational status were higher among children with ADHD
(8% and 38%, respectively) than the cohort (3% and 28%;
7$=164.8, p<.001).

Ethical approval

The parents provided written informed consent. The Danish
Data Protection Agency and the DNBC Steering Committee
approved the study.

Statistical analyses

We used Stata/IC 11.2 for Windows (Stata Corp, College
Station, TX) for all analyses. Differences between categori-
cal variables were analysed with Chi square statistics, and
differences between means of continuous variables were
measured by ¢ tests. Intercorrelations between the parent-
reported SDQ subscales were calculated using Spearman
coefficients because of the skewed distribution. Receiver
operating characteristic (ROC) analyses were used to esti-
mate areas under the curve (AUCs) to quantify the diag-
nostic accuracy. The ROC curve graphically represents the
probability of true positive results of ADHD as a function
of the probability of false-positive results. To evaluate the
AUC values, we used the following guideline: <.70=poor,
.70-.79 =fair; .80-.89 =good; and .90-1.00 =excellent [35].

After checking presumption plots with proportional
hazard rates for all comparison groups, we used the Cox
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Table 1 SDQ comparisons

A Children with Children without T P AUC

of mean scores for children ADHD ADHD (99% CI)

(> 8 years of age) with and n=943 n=50.153

without ADHD diagnoses and ’

Areas under the curve (AUC) Mean SD Mean SD

for the SDQ subscales
Hyperactivity-inattention 5.63 2.68 227 2.04 —49.75 <.001 .83 (.82-.85)
Conduct problems 2.61 1.77 1.15 1.21 -36.27 <.001 75 (73-77)
Emotional problems 2.52 2.21 1.58 1.72 —-16.53 <.001 .63 (.61-.65)
Peer problems 2.04 2.08 .68 1.19 —34.32 <.001 71 (.69-.74)
Impact scores 1.39 1.96 15 .68 -51.49 <.001 71 (.69-.74)

SDQ Strengths and Difficulties Questionnaire, ADHD attention-deficit/hyperactivity disorder, SD standard

deviation, CI confidence interval

proportional hazard models to analyse the risk for ADHD
over time. Each predictor in the Cox regression analysis
gives a measure of risk, a hazard ratio according to follow-
up time. For a binary variable, a hazard ratio of 1 means
that the risk of disorder is the same whether the participant
has the characteristic or not. A hazard ratio greater than one
indicates increased risk in the observation period for those
with the characteristic; while a ratio less than 1, a decreased
risk. We conducted the Cox regression analyses with the
continuous SDQ subscale scores, as well as categorically
(0-1) defined by the parent SDQ prediction categories. In
the process of fitting the multivariate models, the predic-
tors were first entered separately in a univariate Cox regres-
sion hazard model before entering them in a multivariate
model. Adjustment for socio-occupational status was made
in our final models. Regression analyses test whether com-
binations of predictors add significantly to the validity, and
thereby complement ROC analyses. The overall risk time
was 630,072 person-years. Because of the substantial sample
size, the level of significance was set to .01, and the confi-
dence intervals to 99%.

To optimize cutoff scores for clinical decisions, we esti-
mated sensitivity (the probability of a measure to correctly
classify a case as positive), specificity (the probability of
a measure to correctly identify non-cases as negative), the
positive predictive value (PPV, the probability of a true
case given a positive test), and the positive likelihood ratio
(+LR) (the probability of a child who has the disorder
testing positive divided by the probability of a child who
does not have the disorder testing positive) for each step
of the HI subscale, as well as for an SDQ HI category with
lower cutoff scores (HI score >4 and impact > 1). LRs
between 0 and 1 argue against the presence of the disor-
der; the closer they are to 0, the less likely the disorder.
LRs greater than 1 argue for the presence of the disor-
der, whereas LRs that are equal to 1 lack diagnostic value
[36]. LRs are derived from sensitivity and specificity and
are independent of the proportion of the disorder in the
sample [37]. The negative predictive values and negative
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LRs were not reported, as the proportion of ADHD in our
sample was 1.8% (n=943/51,096), meaning that the prob-
ability of a true non-case given a negative test would be
large at any cutoff in our sample.

Results
Background

There were significantly higher mean scores on the HI,
CD, ED, peer problems and impact subscales for chil-
dren with ADHD compared with those without ADHD
(Table 1).

Intercorrelation coefficients between the parent-
reported SDQ subscale scores were all low to moderate,
both for children with and without ADHD (Table 2).

Table2 Spearman correlation in the total population for the par-
ent Strengths and Difficulties Questionnaire problem subscales and
impact scores

Variables 1 2 3 4 5

Children with ADHD (n=943)
1. Hyperactivity—inattention =~ —

2. Conduct problems A43*%  —

3. Emotional problems 22% 0 30% -

4. Peer problems 33*% 0 31% 35% -

5. Impact scores S53*% 0 40%  44% 50% -
Children without ADHD (n=50,153)

1. Hyperactivity—inattention ~— —

2. Conduct problems 40% -

3. Emotional problems A7+ 19*% -

4. Peer problems A8%  19%  26% -

5. Impact scores 25%  24% 0 26% 27% -

*p<.05
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Diagnostic accuracies

Parent HI scores discriminated well between true positive
and negative ADHD cases { AUC =.84 [95% confidence
interval (CI)=.82-.85]}, and similarly to that of the total
difficulties scores (AUC=.84, 95% CI=.82-.85). Please see
Fig. 1 for the HI ROC curve.

The AUC values for the other subscale problem and
impact scores were all poor to fair (Table 1).

Risk analyses
Higher HI, CD, ED and peer problem scores all increased
the risk of subsequent ADHD diagnosis in the univariate

Cox regression analyses. In the final multivariate analysis,
for each step of the parent HI scores, the relative risk of
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Fig. 1 The receiver operating characteristic (ROC) curve for the par-
ent SDQ hyperactivity—inattention subscale

subsequent ADHD increased by 1.49, and the CD and peer
problem scores increased risk by 1.16 and 1.18, respec-
tively, while the ED scores did not contribute significantly
(Table 3).

Using the parent SDQ prediction categories in the
regression models, children with high HI score with impact
(p-SDQHK = 1) had about a 20-fold increased risk for
ADHD (HR =20.52, CI=16.83-24.99) in the univari-
ate analysis compared to children without ADHD. The
p-SDQHK =1 gave a nearly 14-fold increased risk of ADHD
in the multivariate analysis when the p-SDQCD, p-SDQED
and socio-occupational status were included in the model
(HR=13.59 (CI=10.35-17.82)) (Table 3). The p-SDQCD
and p-SDQED gave significant contributions to ADHD in
the multivariate regression analysis but much smaller contri-
butions than those of the p-SDQHK category (HRs of 1.62
and 1.67, respectively) (Table 3).

Prediction analyses

For the SDQ HI subscale scores, a cutoff of 7 gave a sen-
sitivity of 38.5% and specificity of 95.9%, with a .09 prob-
ability of correctly identifying a child with ADHD given a
score above the cut-off (PPV). The best balance between
sensitivity and specificity was found at a cutoff score of 4
(sensitivity =75.7%, specificity =76.2%), with a PPV of .02
(Table 4).

For the p-SDQHK category, the sensitivity and speci-
ficity of identifying ADHD were 24.5% (CI1=21.0-28.3%)
and 98.6% (C1=98.5-98.8%), respectively, with a PPV of
25 (CI=.21-29) and a + LR of 18.71 (CI=15.75-22.31).
Lowering the cutoff to HI score >4 and impact > 1 gave
sensitivity of 44.4% (CI=40.8-49.3%), specificity of 95.3%

Table 3 Univariate and

e . Predictors Univariate Multivariate*
multivariate Cox regression
analyses of parent SDQ HR SE  99% CI P HR SE  99% CI )4
subscale scores and categories
SDQ scores
Hyperactivity—inattention ~ 1.65 .02 1.60-1.70 <.001 149 .02 144-1.54 <.001
Conduct problems 1.76 .03 1.68-1.83 <.001 1.16 .02 1.09-122 <.001
Emotional problems 128 .02 1.23-1.32 <.001
Peer problems 1.56 .002 1.50-1.62 <.001 1.18 .02 1.13-1.23 <.001
SDQ categories
p-SDQHK 20.52 1.55 16.83-2499 <.001 1359 141 10.35-17.82 <.001
p-SDQCD 17.27 191 12.98-22.96 <.001 1.62 .22 1.13-231 <.001
p-SDQED 6.75 .62 533-856 <.001 1.67 .19 125224 <.001

The parent prediction categories were: hyperactivity-inattention disorders (p-SDQHK): HI score>7
and impact>2 or HI score>9 and impact> 1; parent conduct disorders (p-SDQCD): CD score>5 and
impact > 2, and parent emotional disorders (p-SDQED): ED score >5 and impact> 1

HR Hazard ratio, SE standard error, CI confidence interval, SOC status socio-occupational status

* Adjusted for socio-occupational status
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Table 4 Sensitivity (Se),

S - SDQ HI score Se (%) Sp (%) PPV +LR (99% CI) N with ADHD

specificity (Sp), positive

PreéiFtiVl?kva;!ﬁes éPPYS) andL N 98.1 213 004 1.25 (1.23-1.26) 925

?c?rsiﬁzcst;erel;t}?soan?t]l)oi;ﬁ(;ﬂtie)s 2 93.9 33 01 1.65 (1.61-1.69) 885

Questionnaire hyperactivity— 3 86.4 61.2 .02 2.23 (2.15-2.31) 815

inattention subscale (SDQ HI) 4 75.7 76.2 .02 3.21 (3.05-3.38) 714

scores 5 64.2 85.8 .04 4.54 (4.24-4.86) 605
6 49.5 92.5 .06 6.65 (6.06-7.29) 467
7 38.5 95.9 .09 9.47 (8.36-10.64) 363
8 29.1 97.8 14 13.24 (11.37-15.38) 274
9 18.5 99.0 21 17.56 (14.11-21.78) 174
10 8.9 99.6 31 23.39 (16.45-32.73) 84

The proportion of children with ADHD diagnosis (> 8 years of age) was 1.8%

CI Confidence interval

(CI1=95.2-95.6%), a PPV of .15 (CI=.14-.17) and +LR of
9.75 (CI=8.80-10.89).

Discussion

The main findings of our prospective cohort study support
the parent SDQ hyperactivity—inattention (HI) subscale at
the child age of 7 years as a valid measure for predicting
clinically diagnosed ADHD. This is in line with earlier stud-
ies that have reported the SDQ to be a valid tool to dis-
criminate psychopathology [16], including ADHD [17]. The
accuracy level of the parent HI subscale in the present study
was good, and consistent with earlier studies of schoolchil-
dren that have reported good to excellent screening accuracy
[15, 20]. It is noteworthy that the brief HI subscale and the
total difficulties scores performed similarly well (both AUC
values were .84), a finding consistent with Algorta et al.’s
study [17].

The consistently high AUCs for the SDQ in cross-sec-
tional community samples may in part be due to few children
with ADHD being compared with many healthy children, a
known problem discussed previously [17, 38]. That we did
not find excellent accuracy in our study might be because
of the longitudinal design ensured by excluding children
diagnosed before the age of 8 years, as this will have weak-
ened our screening accuracy compared with cross-sectional
studies [17, 20]. This may also be because our registered
ADHD diagnoses were made by clinicians, as the inter-rater
agreement between clinical diagnoses and research diagno-
sis made by diagnostic interviews are known to be moderate
(kappa=.49) [39]. By use of national patient registries to
obtain ADHD diagnoses we ensured a large sample, but at
the cost of lower diagnostic accuracy compared to studies
that use parent diagnostic interviews. However, with clinical
diagnoses from registries we probably reduced the problem
of same-rater bias which possibly affect studies that compare
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parent information from a rating scale with a diagnostic
interview.

For each step of the SDQ HI subscale, we found signifi-
cantly increased risk for subsequent ADHD. When includ-
ing high HI subscale scores and impact as defined by the
parent SDQ prediction category for hyperactivity disorders
(p-SDQHK), we found about a 20-fold increased risk of sub-
sequent ADHD in univariate analysis. This was a similar
result to a study where combined high parent and teacher
SDQ HI subscale scores and impact (as defined by the
SDQHK prediction algorithm) at the child age of 5-7 years
gave an approximately 20-fold increased risk of subsequent
ADHD diagnoses [25]. The same study found that the SDQ
prediction algorithm for ‘any probable diagnosis’ (http://
www.sdginfo.com) showed screening properties for ADHD
that were very similar to those of the HI subscale, which
was taken to indicate that psychopathology outside the core
symptoms of ADHD constitutes an increased risk of later
ADHD [25]. Although we found that both the SDQ CD and
ED prediction categories significantly predicted ADHD, the
p-SDQHK was clearly the strongest predictor in the multi-
variate analyses. This was in accordance with a large popula-
tion study that found that a clinical diagnosis of ADHD was
most strongly predicted by ADHD symptoms assessed by
screening scales at 3 and 5 years of age (odds ratios of 3.23
and 10.30, respectively) [40].

Predictive validity studies of the SDQ are scarce, but
other community studies have reported similar findings to
ours. One study followed SDQ HI scores over time and found
moderate stability (r=.77) over a 12-month period [23].
Another study reported that the SDQ HI subscale scores at
3 years of age significantly predicted ADHD 2 years later
[24]. In addition, a third longitudinal community study that
did not investigate ADHD specifically, but considered ‘any
psychiatric disorder’, from 4 to 6 years of age, found that the
SDQ total scores discriminated well between any disorder
and no disorder (AUC=.85) [41].


http://www.sdqinfo.com
http://www.sdqinfo.com

European Child & Adolescent Psychiatry (2019) 28:625-633

631

In the present study, we found no cutoff that gave satisfac-
tory values for sensitivity, specificity and PPV. An SDQ HI
cutoff score of 7 gave a sensitivity of 38%, specificity of 96%
and PPV of .09, meaning that many children with ADHD
would be missed. Lowering the HI cutoff level to 4 gave
a good balance between sensitivity (76%) and specificity
(76%), but increased the number of false positive diagnoses,
resulting in a very low probability of correctly identifying a
child with ADHD (PPV =.02). The low proportion of chil-
dren with ADHD in our sample (1.8%) increased the risk of
causing concern without reason when lowering the cutoff
level. Knowing the proportion of the disorder in the popu-
lation being screened is important as it particularly affects
the positive and negative predictive values. In theory, how-
ever, sensitivity, specificity and likelihood ratios generalize
across samples. A clinical study with a 54.1% proportion of
children with ADHD reported a sensitivity level of 57% for
detecting ADHD with an SDQ HI cutoff >7 [15], whereas
a community study with a 5% proportion of ADHD (326
with ADHD out of 6233 children) reported sensitivity and
specificity similar to our study, and somewhat higher PPVs
(.17 at cut-off 4, and .44 at cut-off 7) [20]. Combining high
HI scores and impact (p-SDQHK) improved the PPV (.25)
in our study but gave low sensitivity. However, the PPV was
only somewhat lower than in a study that combined high par-
ent and teacher HI scores and impact (SDQHK algorithm) in
a population with an ADHD proportion of 2.9% (PPV =.33)
[25]. This raises the question of the feasibility of routine
screening for ADHD with the SDQ HI subscale in the gen-
eral population. Our results indicate that screening with the
parent HI subscale should be limited to groups where con-
cern has been raised by parents or teachers.

Strengths of the present study were the large cohort
sample, the longitudinal design and the use of clinical data
from Danish registers on diagnoses and prescriptions of
central stimulants. With data from registers, only death
and migration cause attrition. However, there were several
limitations. One was attrition to the DNBC cohort, where
a previous study found that the cohort is not representative
in terms of socio-economic factors [42]. However, a study
of the representativeness of childhood psychiatric diagno-
ses reported that children with a registered ADHD diag-
nosis were only modestly underrepresented in the cohort,
and that children using ADHD medication were present in
the DNBC to the same extent as in the general population
[43]. Another limitation was the use of registered clinical
ADHD diagnoses, as diagnosis and medication use depend
on cultural differences in both the referral to psychiatric
facilities and the diagnostic practices among child psy-
chiatrists [44]. Although the Danish clinicians diagnose
by the ICD-10, we do not have information about the
methodology used to reach diagnostic conclusions. How-
ever, a validity study of hyperkinetic disorder (HD) in the

Danish Psychiatric Central Research Registry (for patients
aged 4-15) confirmed that HD was present in 86.8% of the
patients by going through their patient records [45]. That
study concluded that for most HD diagnoses, the assess-
ment forming the basis for diagnosis reflected a thorough
and high-quality psychiatric assessment based on a multi-
informant approach. Unfortunately, we did not have infor-
mation about other diagnoses than ADHD and could not
investigate discriminant validity. This lack of diagnostic
information meant that we could not consider comorbidity
to ADHD, although one recent patient registry study found
low proportions of registered comorbidity [46]. Nonethe-
less, unregistered comorbidity may have given rise to some
false-positive cases in our study. We did not obtain ratings
from teachers and could, therefore, not apply the SDQ pre-
diction algorithms as intended by the developers. This may
limit the predictive values. However, not all studies have
found improved sensitivity and specificity by combining
parent and teacher SDQ ratings [41, 47]. In addition, we
do not have information about those children treated in the
private practices that did not redeem medication. Hence,
we may have missed some children in our analyses, which
may have weakened our findings to some degree. Finally,
we did not have available a screening measure with the
full DSM ADHD symptom list. Therefore, we could not
rule out that screening with an ADHD symptom list might
have been more accurate than the short SDQ HI subscale.
However, one study that defined ADHD by a diagnostic
interview and compared the screening properties of the
SDQ and an ADHD symptom list found that SDQ was a
more sensitive measure than the ADHD symptom list (68%
versus 54%), while the specificity was good to excellent
for the two questionnaires (88% versus 95%) [48].

In sum, the parent SDQ HI subscale scores discriminated
well between children with and without ADHD and gave a
higher risk for subsequent ADHD than the SDQ conduct,
emotional and peer problem scores. Although the sensitiv-
ity analyses were similar to earlier community studies with
increased sensitivity at lower scores (>4), they resulted in
many false screening positive diagnoses. Including impact
in addition to obtaining high HI scores reduced the number
of false positive predictions, but this rate would still be a
problem if the SDQ HI subscale was to be used in the gen-
eral population with a low proportion of ADHD. Thus, our
results raise the question of the feasibility of screening the
general child population for ADHD with only the parent
SDQ HI subscale. However, in a clinical setting, where con-
cerned parents ask whether their child might have ADHD,
the proportion of children with the disorder is expected to
be higher than in the general community. In such a setting,
the parent SDQ HI ratings may be more useful for correctly
identifying children with ADHD, although a clinical assess-
ment is always needed.
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