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Abstract

Objective: Using parent-completed questionnaires in (preventive) child health care can facilitate the early detection of
psychosocial problems and psychopathology, including autism spectrum disorders (ASD). A promising questionnaire for this
purpose is the Brief Infant-Toddler Social and Emotional Assessment (BITSEA). The screening accuracy with regard to ASD of
the BITSEA Problem and Competence scales and a newly calculated Autism score were evaluated.

Method: Data, that was collected between April 2010 and April 2011, from a community sample of 2-year-olds (N = 3127),
was combined with a sample of preschool children diagnosed with ASD (N = 159). For the total population and for
subgroups by child’s gender, area under the Receiver Operating Characteristic (ROC) curve was examined, and across a
range of BITSEA Problem, Competence and Autism scores, sensitivity, specificity, positive and negative likelihood ratio’s,
diagnostic odds ratio and Youden’s index were reported.

Results: The area under the ROC curve (95% confidence interval, [95%CI]) of the Problem scale was 0.90(0.87–0.92), of the
Competence scale 0.93(0.91–0.95), and of the Autism score 0.95(0.93–0.97). For the total population, the screening accuracy
of the Autism score was significantly better, compared to the Problem scale. The screening accuracy of the Competence
scale was significantly better for girls (AUC = 0.97; 95%CI = 0.95–0.98) than for boys (AUC = 0.91; 95%CI = 0.88–0.94).

Conclusion: The results indicate that the BITSEA scales and newly calculated Autism score have good discriminative power
to differentiate children with and without ASD. Therefore, the BITSEA may be helpful in the early detection of ASD, which
could have beneficial effects on the child’s development.
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Introduction

Preventive child health care offers a systematic opportunity for

the early detection of psychosocial problems and psychopathology,

such as autism spectrum disorders (ASD), among toddlers. In the

Netherlands, preventive child health care for children of ages 0–4

years is delivered through community well-child clinics that

provide routine developmental assessment and vaccinations (i.e.

well-child visits) and that are free of charge [1].

ASD represents a set of neurodevelopmental disorders that are

characterized by impairments in the domains of reciprocal social

interactions and communication and by restrictive, stereotyped

patterns of behavior [2]. In the current Diagnostic and Statistical

Manual of Mental disorders, 5th edition, ASD’s are part of the

pervasive developmental disorders and classified into three main

categories, namely: autistic disorder, Asperger’s disorder and

pervasive developmental disorder-not otherwise specified [2].

Studies report ASD prevalence rates of about 1.0% [3,4].

Abnormal functioning that is indicative of ASD starts before 3

years of age [2]. On average, the first symptoms to arouse parental

concerns about children eventually diagnosed with ASD occur

before the second birthday. However, the average age of ASD

diagnosis is approximately three years of age and often occurs later

[5]. These findings suggest that it should be possible to detect and

diagnose ASD earlier. Early detection of ASD is important

because early access to interventions may improve children’s

outcomes, [6,7] and diagnosis may enhance parent’s understand-

ing and coping with the impairments of their child [8].

One approach for facilitating early identification of ASD is the

population-based screening of children as part of well-child visits

using parent-completed questionnaires [9,10] Several instruments

are developed for the early detection of ASD, of which the use of

the Checklist for Autism in Toddlers (CHAT) [11] and the

Modified Checklist for Autism in Toddlers (M-CHAT) [12] is

advocated by autism support organizations [13]. However, early

detection instruments that are used in a preventive health care
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setting should cover a broad range of psychosocial problems, since

limited time and capacity in the preventive child health care make

it undesirable to screen for each psychosocial problem separately.

Also, it has been shown that psychosocial problems tend to co-

occur, [14,15] and that individual problems may apply to more

than one disorder [16]. In addition to measuring problem

domains, it is crucial to also measure competence domains.

Delays in the acquisition of competencies are strongly related to a

wide range of psychosocial problems later in life [17] and are often

the prodromal signs of developmental disorders, such as ASD [18].

The Brief Infant-Toddler Social and Emotional Assessment

(BITSEA) [19] is a promising and short (42 items) questionnaire,

that measures both problems (Problem scale) and delays in the

acquisition of competencies (Competence scale) in 1–3 year olds,

and also consists of items designed to measure ASD symptoms.

The BITSEA is not designed to diagnose ASD, but it may be

useful as a screener for identifying children with this disorder [20].

Previous studies have shown that the BITSEA Problem and

Competence scale has adequate reliability for the Problem scale

and validity for the Problem and Competence scale [19,21–23].

The study performed in the Netherlands [23] evaluated among

others the internal consistency, test-retest reliability, concurrent

validity and discriminant validity. An adequate Cronbach’s alpha

(i.e. .0.70[24]) was found for the Problem scale (0.76) and

marginal for the Competence scale (0.63). Test-retest reliability

was adequate (.0.70 [25]) for the Problem scale (0.75) and

marginal for the Competence scale (0.61). The BITSEA Problem

scale was positively correlated with the CBCL, Pearson coefficients

of 0.66 (Internalizing), 0.65 (Externalizing) and 0.75 (Total

Problem). The BITSEA Competence score was negatively

correlated with the CBCL, Pearson coefficients of 20.26

(Internalizing), 20.23 (Externalizing) and 20.26 (Total Problem).

All correlations were significant (p,0.01). The mean BITSEA

score was compared between a group of parents that worried

about the development of their child and a group that did not

worry. The Problem and Competence score were significantly less

favourable in the group of parents that worried, compared to the

group of parents that did not worry (effect sizes were respectively

0.93 and 0.52).’’

Also the sensitivity and specificity of the BITSEA has been

evaluated in several studies [19,26,27] One study, conducted in

the United States [19], examined its sensitivity and specificity in a

community sample of 1280 children. In this study, children with

scores in the clinical range on the Child Behavioral Checklist

(CBCL1.5-5) [28] and Infant-Toddler Social and Emotional

Assessment (ITSEA) [29,30] were used as reference groups for

the evaluation of the Problem scale. A sensitivity of respectively

93.2% and 78.1% and a specificity of respectively 78.0% and

88.8% were found. The Competence scale was evaluated against a

group of children with a score in the clinical range on the ITSEA

and had a sensitivity of 68.9% and a specificity of 95.1%. Problem

scale cutpoints were chosen at scores of $75th percentile and

Competence scale cutpoints were chosen at scores of ,15th

percentile [31]. In a Turkish study [26], in a community sample of

462 children, sensitivity and specificity of only the Competence

scale was examined relative to children treated in a child

psychiatry outpatient clinic with an autism diagnosis (n = 35). In

this study, the sensitivity was 72%–93% and specificity was 76%–

85%, depending on the cutpoint chosen. A Dutch study [27]

evaluated the screening accuracy of the BITSEA Problem scale

more extensively than prior studies. The screening accuracy was

evaluated with multiple indices (i.e. area under the curve,

sensitivity, specificity, likelihood ratio’s, diagnostic odds ratios

and Youden’s index) by calculating receiver operating character-

istic (ROC) curves of the BITSEA Problem scale relative to the

CBCL Total Problem scale. Indices of screening accuracy for a

range of BITSEA Problem scores were presented, because

different cutpoints might be chosen in different settings (e.g.

clinical application versus epidemiological research). In that study,

the screening accuracy of the BITSEA Competence scale was not

evaluated with a reference group of children with a CBCL Total

Problem score in the clinical range, since the CBCL Total

Problem score does not measure competencies.

In the present study we aim to evaluate the screening accuracy

of both the BITSEA Problem and Competence scales with regard

to an ASD diagnosis. Additionally, we will evaluate the screening

accuracy of the BITSEA items that are specifically intended to

signal ASD, since little is known about the performance of these

items in the detection of ASD. Previous studies showed differences

in mean BITSEA scores between boys and girls (with boys scoring

less favourably) [19,22,23], therefore the screening accuracy is also

evaluated in subgroups by child gender.

Method

Ethics Statement
Regarding the data collection of the community sample; only

anonymous data were used and the questionnaires were completed

on a voluntary basis by the parents. Parents received written

information on these questionnaires and were free to refuse to

participation. Observational research with data does not fall within

the ambit of the Dutch Act on research involving human subjects

[32] and does not require the approval of an ethics review board.

The Medical Ethics Committee of the Erasmus Medical Centre

Rotterdam declared to have no objection (‘formal waiver’)

regarding the study protocol and consent procedures. The Medical

Ethical Committee of the University Medical Centre St. Radboud

Nijmegen approved the study protocol regarding the ASD-study.

We are prepared to make the data available upon request.

Design and participants
For the present study, data from two separate samples were

combined. First, data from a community sample of 2-year old

children was used. These data were gathered between April 2010

and April 2011 by child health care organizations in the context of

routine health examinations in the Rotterdam area, the Nether-

lands. Parents of 3170 children that attended the well-child visit

handed in the questionnaire (95.5% of all parents that attended

the well-child visit). Children were excluded from the analyses if

there were too many missing items on both BITSEA scales [20]

(n = 43), leaving a study population of 3127 (94.2%) children. No

children in the community sample were under treatment of a

mental health professional at the time of inclusion. Details on the

design and participants of the community sample are described

elsewhere [23].

Second, data from a sample of children diagnosed with ASD

were used (i.e. ASD-sample). Children between the ages of 12–40

months were recruited in the DIANE-study (Diagnosis and

Intervention of Autism in the Netherlands) [33] at Karakter Child

and Adolescent Psychiatry University Center Nijmegen, the

Netherlands. Children with a positive score on the Early Screening

of Autistic Traits Questionnaire [34] and/or for whom there were

major concerns regarding social and communicative development

entered the study between spring 2004 and spring 2007. Parents of

the ASD-sample completed the ITSEA (i.e. a more comprehensive

measure that includes the BITSEA items) at home before their first

visit for diagnostic assessments and all children underwent an

extensive psychiatric assessment (i.e. administration of the Autism

Screening for ASD with the BITSEA
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Diagnostic Observation Schedule and Autism Diagnostic Inter-

view-Revised) observations of standardised parent-child play and

standardised assessment of cognitive and language skills). Details

on the design and participants of the ASD-sample are described

elsewhere [35]. For the purpose of this study, answers on BITSEA

items were extracted from the larger pool of ITSEA items.

Children were excluded from the analyses if they did not receive a

diagnosis (n = 29), if they received a diagnosis other than ASD

(n = 69) (i.e. false positives), if there were too many missing items

on the BITSEA scales [20] (n = 19), or if they were younger than

12 months (n = 2) leaving a study population of 159 (57%)

children.

Measures
The BITSEA, designed for 1-to-3-year old children, consists of

42 items with three response options (‘not true/rarely’(0),

‘somewhat true/sometimes’(1), ‘very true/often’(2)) and comprises

two multi-item scales; a Problem scale (31 items) and a

Competence scale (11 items). The Problem scale assesses social-

emotional/behavioral problems such as aggression, defiance,

overactivity, negative emotionality, anxiety, and withdrawal. The

Competence scale assesses social-emotional abilities such as

empathy, prosocial behaviors, and compliance [31]. Responses

can be summed for each scale: a high score on the Problem scale

and/or a low score on the Competence scale is less favourable

[20]. The BITSEA also consists of 17 items that are specifically

included for the early detection of ASD belonging to either the

Problem scale (9 items) or the Competence scale (8 items). The

autism items reflect problems behaviors that are typical of children

with ASD (e.g. put things in a special order over and over) and

competencies in which deficits are often present in children with

ASD (e.g. points to show you something far away) [20]. Although these

items formally do not represent a separate scale, we calculated the

Autism score analogous to the Problem scale score, yielding a good

internal consistency (Cronbach’s alpha = 0.77). Answers on the

autism items belonging to the Competence scale were first

reversed before all autism items were summed, so a higher Autism

score would represent more problems and fewer competencies.

Children with more than 3 missing items were excluded for

analyses (n = 48). Excluded children were all part of the

community sample.

Items on standard socio-demographic variables were included:

child age and gender.

Analyses
Demographic characteristics and mean BITSEA

scores. Differences in mean BITSEA scores and child age

between the community sample and the ASD-sample were tested

with independent sample t-tests. Differences in gender composi-

tion of the community sample and ASD-sample were tested with

Chi-square tests.

Screening accuracy. Screening accuracy was evaluated by

calculating receiver operating characteristic (ROC) curves, with a

reference group that consists of children with a diagnosis of ASD.

The area under the ROC curve was examined, along with, for a

range of Problem and Competence scale scores and the Autism

score; sensitivity, specificity, positive test likelihood ratio (LHR+)

and negative test likelihood ratio (LHR2), diagnostic odds ratio

(OR) and Youden’s index. All indices for screening accuracy were

evaluated for the total sample as well as for boys and girls

separately.

The ROC curve is a plot of sensitivity as a function of 1-

specificity for all possible cutpoints of the BITSEA. The greater

the area under the curve (AUC), the more discriminative power

the BITSEA has in differentiating children with and without ASD.

An AUC.0.90 indicates high accuracy; 0.70#AUC,0.90

indicates moderate accuracy; 0.50#AUC,0.70 indicates low

accuracy; and AUC = 0.50 is chance level accuracy [36]. We

examined the 95% confidence intervals of the AUCs to evaluate

whether the screening accuracy differed significantly between

subgroups.

To determine the optimal cutpoint, the Youden index was used,

which is defined as the maximum vertical distance between the

ROC curve and the diagonal or chance line and is calculated as

Youden’s index = sensitivity+specificity-1 [37].

Sensitivity is the proportion of true positives that are correctly

identified by the test; specificity is the proportion of true negatives

that are correctly identified by the test. To further investigate the

correctness of classification, likelihood ratios were calculated.

LHR+ = sensitvitiy/(1-specificity) is the ratio of the probability of a

positive test result if the outcome is positive (true positive) to the

probability of a positive test result if the outcome is negative (false

positive); LHR2 = (1-sensitivity)/specificity is the ratio of the

probability of a negative test result if the outcome is positive (false

negative) to the probability of a negative test result if the outcome

is negative (true negative). LHR+.7.00 and LHR2,0.30 indicate

high screening accuracy [38].

The OR = sensitivity*specificity/((1-sensitivity)*(1-specificity)) = LHR+

/LHR2 of a test is the ratio of the odds of a positive test result

when having the ‘disorder’ relative to the odds of a positive test

result when not having the ‘disorder’. The values of OR ranges

from zero to infinity, with higher values indicating better

discriminatory test performance. OR.20.00 indicate high screen-

ing accuracy [38].

The AUC, Youden’s index, sensitivity, specificity, LHR+,

LHR2 and OR are independent of prevalence of the ‘disorder’,

as opposed to the positive predictive value and negative predictive

value, therefore the latter were not evaluated in this study. [38].

All analyses were performed in SPSS 20.0 (SPSS Inc. 2011).

Results

The demographic characteristics of the multiethnic community

sample and ASD-sample are presented in Table 1. In comparison

to the community sample, the ASD-sample consisted of older

children (t = 58.3, p,0.001) and more boys (X2 = 50.2, p,0.001).

Mean BITSEA scores
The mean Problem and Competence scale scores and the

Autism score are presented in Table 1. In comparison to children

in the community sample, children in the ASD-sample scored less

favourably on the Problem scale (t = 28.1, p,0.001), the Compe-

tence scale (t = 29.9, p,0.001) and Autism score (t = 37.3, p,

0.001).

Screening accuracy
ROC curves of the Problem and Competence scale scores and

Autism score are presented in Figure 1. In Table 2, the AUC and

sensitivity, specificity, LHR+, LHR2, OR and Youden’s index are

presented for a range of BITSEA scale, for the total population

and for subgroups by child gender.

The AUC’s (95% confidence interval [CI]) of the Problem scale

was 0.90(0.87–0.92), and of the Competence scale 0.93(0.91–0.95).

The screening accuracy of the Problem scale was equal for girls

(AUC = 0.93; 95%CI = 0.89–0.97) and boys (AUC = 0.88;

95%CI = 0.85–0.91). The screening accuracy of the Competence

scale was better for girls (AUC = 0.97; 95%CI = 0.95–0.98) than

for boys (AUC = 0.91; 95%CI = 0.88–0.94). The Youden index

Screening for ASD with the BITSEA
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indicated the same optimal cutpoint for the total population and

for boys and girls for the Problem scale (score 13) and for the

Competence scale (score 15).

In Table 3 AUCs and sensitivity, specificity, LHR+, LHR2, OR

and Youden’s index are presented for a range of Autism scores for

the total population and for subgroups by child gender. The AUC

was 0.95(0.93–0.97) and the screening accuracy was equal for girls

(AUC = 0.97; 95%CI = 0.95–0.99) and boys (AUC = 0.93;

95%CI = 0.91–0.96). The Youden index indicated different

optimal cutpoint for the total population (score 10) and for boys

(score 9) and girls (score 8).

The scores in the general population with the highest Youden

index as cutpoints for the Problem and Competence scale and

Autism score yielded concern level of ASD of respectively 16.1%,

10.1% and 6.9% children.

Discussion

The present study evaluated the screening accuracy of the

Problem and Competence scales and the newly calculated Autism

score for a community sample in comparison to a sample that

consists of children with an ASD diagnosis. Our results indicate

that the Problem and Competence scales and the Autism score

have high screening accuracy to detect ASD (i.e. AUC.0.90).

In our study we present the sensitivity and specificity for a range

of BITSEA scores, because different cutpoints might be chosen in

different settings (e.g. clinical application versus epidemiological

research). For the comparison of the sensitivity and specificity with

results of other studies we chose to discuss the sensitivity and

specificity for the optimal cutpoint as indicated by the Youden

index. In comparison with the prior Dutch study [27] on the

screening accuracy of the BITSEA Problem scale with regard a

CBCL Total Problem score in the clinical range, we found similar

Table 1. Child characteristics of the autism spectrum disorder (ASD) sample and community sample.

ASD-sample N = 159 Community sample N = 3127

Percentage (N) Percentage (N)

Gendera*

boys 79.2 (126) 50.0 (1564)

girls 20.8 (33) 49.1 (1535)

Mean (SD) Mean (SD)

Age (months)* 31.8 (6.4) 23.7 (0.7)

BITSEA Problem scale score* 20.5 (8.7) 7.8 (5.3)

BITSEA Competence scale score* 10.0 (4.0) 17.5 (3.0)

BITSEA Autism score* 14.6 (5.2) 4.1 (3.3)

a. Percentages do not sum to 100% due to missing values.
* Significant differences in composition between ASD-sample and community sample with regard to gender, and age and mean Problem scale score, Competence scale
score, and Autism score, p,0.001.
doi:10.1371/journal.pone.0097630.t001

Figure 1. ROC curves and AUC of the BITSEA Problem and Competence scale and BITSEA Autism score relative to a sample of
children with a diagnosis of autism spectrum disorder.
doi:10.1371/journal.pone.0097630.g001
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results; also a AUC.0.90 and no differences between subgroups.

Multiple values for sensitivity and specificity of the BITSEA are

reported in the study conducted in the US, because different

indicators were used to classify a ‘clinical group’, and also in the

Turkish study, because in their study a range of BITSEA cutpoints

was applied. The US-study [19] found comparable mean

sensitivity and specificity for the Problem scale as in our study.

However, for the Competence scale in the US-study, a lower

sensitivity and slightly higher specificity were found, compared to

our study. The Turkish study [26] found slightly higher mean

sensitivity and lower mean specificity for the Competence scale,

compared to our study. However, the different methods to

determine sensitivity and specificity (i.e. different indicators of a

‘clinical group’ and different methods to determine cutpoints),

make it difficult to compare results across these studies.

The Youden index yielded the same cutpoints for boys and girls

on the Problem and Competence scales. These results differ from

what was found in the US-study [19], where the cutpoints on the

Problem scale in children aged 24–29 months differed between

boys (score 14) and girls (score 13) and also differed on the

Competence scale (girls, score 15; boys, score 14). The Turkish

study [26] found the same cutpoint (score 12) on the Competence

scale in children aged 24–35 months, for both boys and girls.

These differences between studies might be attributed to different

characteristics of the study populations. Also, in the Turkish study,

the ASD sample size (n = 35) was much smaller compared to our

ASD sample size (n = 159).

Table 2. The screening accuracy of the BITSEA scales with regard to autism spectrum disorders: Area Under the Curve and
sensitivity, specificity, liklihood ratio’s, diagnostic odd ratio and Youden’s index for a range of Problem and Competence scores, for
the total sample and for subgroups by gender.

Scale BITSEA Problem BITSEA Competence

Total AUC = 0.90 (95% CI = 0.87–0.92) AUC = 0.93 (95% CI = 0.91–0.95)

N = 3286 score sens spec LHR+ LHR2 OR J score sens spec LHR+ LHR2 OR J

9 0.92 0.63 2.51 0.12 20.73 0.56 11 0.98 0.56 2.20 0.04 52.97 0.53

10 0.89 0.70 2.94 0.16 18.92 0.59 12 0.96 0.61 2.48 0.07 37.00 0.57

11 0.85 0.76 3.53 0.19 18.24 0.61 13 0.93 0.72 3.34 0.10 35.01 0.65

12 0.85 0.80 4.22 0.19 22.05 0.65 14 0.90 0.82 4.91 0.12 40.41 0.72

13 0.83 0.84 5.18 0.20 26.22 0.67 15 0.85 0.89 7.92 0.17 47.95 0.74

14 0.78 0.87 5.92 0.26 23.06 0.65 16 0.77 0.92 9.38 0.25 37.71 0.69

15 0.75 0.89 7.08 0.28 24.85 0.64 17 0.67 0.96 15.19 0.34 44.37 0.63

16 0.71 0.92 8.60 0.32 26.93 0.62 18 0.56 0.97 21.95 0.46 48.15 0.53

17 0.64 0.93 9.75 0.39 25.10 0.57 19 0.43 0.98 22.48 0.58 38.49 0.41

Boys AUC = 0.88 (95% CI = 0.85–0.91) AUC = 0.91 (95% CI = 0.88–0.94)*

N = 1690 9 0.92 0.60 2.31 0.13 17.48 0.52 11 0.97 0.53 2.08 0.05 42.04 0.51

10 0.88 0.67 2.64 0.18 14.80 0.55 12 0.95 0.60 2.34 0.09 27.19 0.54

11 0.85 0.73 3.19 0.21 15.50 0.58 13 0.92 0.71 3.12 0.12 26.66 0.62

12 0.84 0.78 3.88 0.20 19.17 0.62 14 0.88 0.82 4.84 0.14 33.88 0.70

13 0.83 0.82 4.61 0.20 22.63 0.65 15 0.82 0.88 6.92 0.20 34.70 0.71

14 0.77 0.85 5.18 0.27 19.18 0.62 16 0.73 0.90 7.65 0.30 25.51 0.63

15 0.74 0.88 6.02 0.30 20.17 0.62 17 0.62 0.94 11.23 0.40 28.23 0.57

16 0.70 0.90 7.28 0.33 21.81 0.60 18 0.50 0.97 15.66 0.52 30.15 0.47

17 0.63 0.92 8.06 0.40 19.92 0.55 19 0.37 0.98 15.54 0.65 24.09 0.35

Girls AUC = 0.93 (95% CI = 0.89–0.97) AUC = 0.97 (95% CI = 0.95–0.98) *

N = 1568 9 0.94 0.66 2.79 0.10 28.74 0.60 11 0.98 0.66 2.85 0.03 91.70 0.64

10 0.94 0.73 3.46 0.09 39.10 0.66 12 0.97 0.69 3.11 0.04 72.11 0.66

11 0.87 0.79 4.05 0.16 24.65 0.66 13 0.95 0.78 4.32 0.07 62.63 0.73

12 0.87 0.82 4.79 0.16 30.36 0.69 14 0.92 0.81 4.90 0.10 49.22 0.73

13 0.84 0.86 6.04 0.19 32.24 0.70 15 0.88 0.94 14.14 0.12 113.81 0.82

14 0.81 0.89 7.22 0.22 33.11 0.69 16 0.82 0.97 26.15 0.19 138.50 0.79

15 0.77 0.91 8.94 0.25 36.14 0.69 17 0.73 1.00 x 0.27 x 0.73

16 0.74 0.93 10.89 0.28 39.33 0.67 18 0.62 1.00 x 0.38 x 0.62

17 0.68 0.95 12.97 0.34 38.09 0.63 19 0.49 1.00 x 0.51 x 0.49

* The Competence scale AUCs differ significantly between boys and girls (i.e. the 95% confidence intervals do not overlap)
Note: AUC = area under the curve; 95%CI = 95% confidence interval; sens = sensitivity; spec = specificity; LHR+ = likelihood
ratio positive test; LHR2 = likelihood ratio negative test; OR = diagnostic odds ratio; J = Youden’s index.
All AUC’s were significant (p,0.001). Scores with the highest unrounded Youden’s index are indicated in bold.
doi:10.1371/journal.pone.0097630.t002
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The screening accuracy of the newly calculated Autism score

was equal for boys and girls, however, the scores with the highest

Youden’s index differed between boys (score 9) and girls (score 8).

Even though the Autism score consists of less items (17 items), its

screening accuracy for ASD was better for the total population

than the Problem scale (31 items), but not better than the

Competence scale (11 items). The Autism score is formally not a

separate BITSEA scale and the findings of the present study imply

that calculation of the Autism score is unnecessary when the

Competence score is known. It was to be expected that the

screening accuracy of the Autism score would be at least equally

well as the screening accuracy of the Competence scale, since the

Autism score consists of 8 of the 11 Competence items. However,

the addition of the items from the Problem scale does not further

improve the screening accuracy of the Autism score.

Limitations and strengths
Our study has some limitations. First, the BITSEA scores for the

ASD-sample are based on BITSEA items that were extracted from

the larger pool of ITSEA items, since parents of children in the

ASD-sample completed the ITSEA.

Second, as it is expected that children with typical development

acquire more competencies with age, previous studies have found

higher Competence scores in older children, compared to younger

children.[19,22]. Our community sample consisted of a homoge-

neous sample with regard to age (M = 23.7, SD = 0.7). Therefore, it

may not be appropriate to generalise our findings on screening

accuracy of the Competence scale to children of other ages.

Third, the ASD-sample differed significantly from the commu-

nity sample with regard to child’s gender (more boys), and age

(older children). It is likely that these characteristics might have

influenced mean BITSEA scale scores; previous studies have found

Table 3. The screening accuracy of the BITSEA Autism score: Area Under the Curve and sensitivity, specificity, liklihood ratio’s,
diagnostic odds ratio and Youden’s index for a range of Autism scores, for the total sample and for subgroups by gender.

BITSEA Autism score

Total AUC = 0.95 (95% CI = 0.93–0.97)

N = 3236 score sens spec LHR+ LHR2 OR J

6 0.94 0.72 3.43 0.08 43.33 0.67

7 0.93 0.81 4.86 0.09 56.11 0.74

8 0.92 0.86 6.77 0.10 70.71 0.78

9 0.88 0.90 9.05 0.13 67.53 0.78

10 0.85 0.93 12.40 0.16 78.79 0.78

11 0.79 0.95 14.39 0.22 64.70 0.73

12 0.72 0.96 19.44 0.29 66.80 0.68

13 0.68 0.97 25.35 0.33 75.96 0.65

14 0.59 0.98 37.59 0.42 89.38 0.57

Boys AUC = 0.93 (95% CI = 0.91–0.96)

N = 1671 5 0.94 0.59 2.29 0.09 24.30 0.53

6 0.94 0.70 3.08 0.09 33.74 0.63

7 0.92 0.78 4.10 0.10 40.05 0.70

8 0.90 0.84 5.66 0.11 49.92 0.74

9 0.88 0.89 7.73 0.13 57.56 0.77

10 0.85 0.91 9.94 0.16 60.28 0.76

11 0.79 0.93 11.79 0.23 51.33 0.72

12 0.70 0.95 14.20 0.32 44.76 0.65

13 0.65 0.97 18.97 0.36 52.46 0.62

Girls AUC = 0.97 (95% CI = 0.95–0.99)

N = 1543 4 1.00 0.57 2.33 0.00 x 0.57

5 1.00 0.67 3.07 0.00 x 0.67

6 0.97 0.76 4.00 0.04 93.93 0.73

7 0.97 0.84 6.23 0.04 163.02 0.81

8 0.97 0.89 8.76 0.04 241.62 0.86

9 0.87 0.92 10.79 0.14 76.91 0.79

10 0.87 0.95 16.46 0.14 120.83 0.82

11 0.81 0.96 18.48 0.20 91.29 0.76

12 0.81 0.97 32.09 0.20 161.62 0.78

Note: AUC = area under the curve; 95%CI = 95% confidence interval; sens = sensitivity; spec = specificity;
LHR+ = likelihood ratio positive test; LHR2 = likelihood ratio negative test; OR = diagnostic odds ratio; J = Youden’s index.
All AUC’s were significant (p,0.001). Scores with the highest unrounded Youden’s index are indicated in bold.
doi:10.1371/journal.pone.0097630.t003
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that mean BITSEA scores for boys are less favourable [19,22,23]

and that mean Competence scores increase with age [19,22].

Therefore, differences in mean BITSEA scores between the

community and ASD-sample might not solely be attributed to the

ASD, but also to the demographic characteristics of the samples.

To compensate for these differences between conditions, we

applied propensity score matching post-hoc. This yielded a sample

of 900 matched cases: 750 children in the community sample en

150 in the ASD-sample, with a statistically equal boy/girl ratio

(community sample: 74.5% boys, ASD-sample: 80,0% boys).

There was still a significant (p,0.001) difference between matched

cases regarding age (community sample: M = 28.9; SD = 7.5,

ASD-sample: M = 31.8; SD = 6.4), however the effect size,

Cohen’s d, was small; 0.38 [39]. We calculated the AUC for the

ROC-curves again for the matched sample, and no significant

differences (i.e. no overlapping confidence intervals) were found

compared to our prior results (data not shown).

Fourth, we do not have follow-up data on the community

sample with regard to an ASD diagnosis. However, since the

estimated prevalence of ASD is 1% [3,4], we may assume that 31

children out of 3127 children will receive a diagnosis of ASD. It is

difficult to estimate exactly what the effect is on our results.

However, if the effect would be significant (i.e. a community

sample with definitely no children with ASD would lead to other

results), the mean BITSEA scores of that community sample

would be more favourable than in the present study. This would

mean an even larger difference in BITSEA scores, compared to

the ASD sample, possibly leading to larger AUC and better

sensitivity and specificity than we have found in the present study.

So, due to this limitation we rather underestimate than overesti-

mate the ‘true’ results.

A strength of our study is that the analyses were performed on a

large community sample and ASD-sample which adds to the

power of the study. Moreover, children in the ASD-sample were

diagnosed by experienced clinicians and diagnoses were based on

extensive multidisciplinary diagnostic procedures.

Additionally, another strength of our study is that parents

completed the questionnaire prior to receiving a diagnostic

evaluation. So parents were not biased by knowledge of an ASD

diagnosis when answering the questions.

Future research
This study evaluated the screening accuracy of the BITSEA for

ASD specifically. We recommend future studies to evaluate the

screening accuracy of the BITSEA for a broader range of

psychosocial problems.

Conclusions

Both the Problem and Competence scales and the Autism score

have a good screening accuracy with regard to ASD for the total

population and for boys and girls separately. The Autism score

does not have added value to the already existing Competence

score; for the screening of ASD, the Competence score is just as

effective as the Autism score. Furthermore, the BITSEA is a short

questionnaire and has in earlier research shown to have good

reliability and validity. As mentioned before, in the introduction,

early detection instruments that are used in preventive health care

should cover a broad range of psychosocial problems. The

BITSEA might therefore precede more extensive evaluations on

ASD with other instruments, (e.g. the M-CHAT), by more

specialized mental health care providers, when scores on the

BITSEA indicate concern for ASD. The results of this study

indicate that the BITSEA is suitable for use in the setting of

(preventive) child health care for the early identification of ASD.

Author Contributions

Conceived and designed the experiments: HR WJ IK. Performed the

experiments: IK. Analyzed the data: IK. Contributed reagents/materials/

analysis tools: AC JV. Wrote the paper: IK. Provided expert input and

advice: AC JV TB.

References

1. Laurent de Angulo MS, Brouwers-de Jong EA, Bulk A (2005) Ontwikkeling-

sonderzoek in de jeugdgezondheidszorg. Assen: Koninklijke Van Gorcum.

2. American Psychiatric Association (2013) Diagnostic and Statistical Manual of

Mental Disorders (5th ed.). Arlington, VA: American Psychiatric Publishing.

3. Baron-Cohen S, Scott FJ, Allison C, Williams J, Bolton P, et al. (2009)

Prevalence of autism-spectrum conditions: UK school-based population study.

British Journal of Psychiatry 194: 500–509.

4. Kogan MD, Blumberg SJ, Schieve LA, Boyle CA, Perrin JM, et al. (2009)

Prevalence of Parent-Reported Diagnosis of Autism Spectrum Disorder Among

Children in the US, 2007. Pediatrics 124: 1395–1403.

5. Chakrabarti S, Fombonne E (2005) Pervasive developmental disorders in

preschool children: Confirmation of high prevalence. American Journal of

Psychiatry 162: 1133–1141.

6. Dawson G (2008) Early behavioral intervention, brain plasticity, and the

prevention of autism spectrum disorder. Development and Psychopathology 20:

775–803.

7. Seida JK, Ospina MB, Karkhaneh M, Hartling L, Smith V, et al. (2009)

Systematic reviews of psychosocial interventions for autism: an umbrella review.

Developmental Medicine and Child Neurology 51: 95–104.

8. Dietz C, Swinkels S, van Daalen E, van Engeland H, Buitelaar JK (2006)

Screening for autistic spectrum disorder in children aged 14–15 months. II:

Population screening with the early screening of autistic traits questionnaire

(ESAT). Design and general findings. Journal of Autism and Developmental

Disorders 36: 713–722.

9. Filipek PA, Accardo PJ, Ashwal S, Baranek GT, Cook EH, et al. (2000) Practice

parameter: Screening and diagnosis of autism - Report of the Quality Standards

Subcommittee of the American Academy of Neurology and the Child Neurology

Society. Neurology 55: 468–479.

10. Sandler AD, Brazdziunas D, Cooley WC, de Pijem LG, Hirsch D, et al. (2001)

The pediatrician’s role in the diagnosis and management of autistic spectrum

disorder in children. Pediatrics 107: 1221–1226.

11. Baron-Cohen S, Allen J, Gillberg C (1992) Can autism be detected at 18 months

- The needle, the haystack, and the CHAT. British Journal of Psychiatry 161:

839–843.

12. Robins DL, Fein D, Barton ML, Green JA (2001) The Modified Checklist for

Autism in Toddlers: An initial study investigating the early detection of autism

and pervasive developmental disorders. Journal of Autism and Developmental

Disorders 31: 131–144.

13. Sunita, Bilszta JL (2012) Early identification of autism: A comparison of the

Checklist for Autism in Toddlers and the Modified Checklist for Autism in

Toddlers. Journal of Paediatrics and Child Health.

14. Briggs-Gowan MJ, Carter AS, Bosson-Heenan J, Guyer AE, Horwitz SM (2006)

Are infant-toddler social-emotional and behavioral problems transient? Journal

of the American Academy of Child and Adolescent Psychiatry 45: 849–858.

15. Egger HL, Angold A (2006) Common emotional and behavioral disorders in

preschool children: presentation, nosology, and epidemiology. Journal of Child

Psychology and Psychiatry 47: 313–337.

16. Scheeringa MS (2001) The differential diagnosis of impaired reciprocal social

interaction in children: A review of disorders. Child Psychiatry and Human

Development 32: 71–89.

17. Bornstein MH, Hahn CS, Haynes OM (2010) Social competence, externalizing,

and internalizing behavioral adjustment from early childhood through early

adolescence: Developmental cascades. Development and Psychopathology 22:

717–735.

18. Yirmiya N, Charman T (2010) The prodrome of autism: early behavioral and

biological signs, regression, peri- and post-natal development and genetics.

Journal of Child Psychology and Psychiatry 51: 432–458.

19. Briggs-Gowan MJ, Carter AS, Irwin JR, Wachtel K, Cicchetti DV (2004) The

brief infant-toddler social and emotional assessment: Screening for social-

emotional problems and delays in competence. Journal of Pediatric Psychology

29: 143–155.

20. Briggs-Gowan MJ, Carter AS (2002) Brief Infant-Toddler Social and Emotional

Assessment (BITSEA) mannual, version 2.0. New Haven: CT: Yale University.

Screening for ASD with the BITSEA

PLOS ONE | www.plosone.org 7 May 2014 | Volume 9 | Issue 5 | e97630



21. Haapsamo H, Ebeling H, Soini H, Joskitt L, Larinen K, et al. (2009) Screening

infants with social and emotional problems: A pilot study of the Brief Infant
Toddler Social and Emotional Assessment (BITSEA) in Northern Finland.

International Journal of Circumpolar Health 68: 386–393.

22. Karabekiroglu K, Rodopman-Arman A, Ay P, Ozkesen M, Akbas S, et al.
(2009) The reliability and validity of the Turkish version of the brief infant-

toddler social emotional assessment (BITSEA). Infant Behavior & Development
32: 291–297.

23. Kruizinga I, Jansen W, de Haan CL, van der Ende J, Carter AS, et al. (2012)

Reliability and validity of the dutch version of the brief infant-toddler social and
emotional assessment (BITSEA). PLoS ONE 7.

24. Nunnally JC, Bernstein IH (1994) Psychometric theory. New York: McGraw-
Hill.

25. Terwee CB, Bot SDM, de Boer MR, van der Windt D, Knol DL, et al. (2007)
Quality criteria were proposed for measurement properties of health status

questionnaires. Journal of Clinical Epidemiology 60: 34–42.

26. Karabekiroglu K, Briggs-Gowan MJ, Carter AS, Rodopman-Arman A, Akbas S
(2010) The clinical validity and reliability of the Brief Infant-Toddler Social and

Emotional Assessment (BITSEA). Infant Behavior & Development 33: 503–509.
27. Kruizinga I, Jansen W, Mieloo CL, Carter AS, Raat H (2013) Screening

accuracy and clinical application of the Brief Infant-Toddler Social and

Emotional Assessment (BITSEA). PLoS ONE 8(8): e72602. doi:10.1371/
journal.pone.0072602.

28. Achenbach TM, Rescorla LA (2000) Manual for the ASEBA Preschool Forms &
Profiles. Burlington: VT: University of Vermont, Research Center for Children,

Youth, and Families.
29. Briggs-Gowan MJ, Carter AS (1998) Preliminary acceptability and psychomet-

rics of the Infant-Toddler Social and Emotional Assessment (ITSEA): A new

adult-report questionnaire. Infant Mental Health Journal 19: 422–445.

30. Carter AS, Briggs-Gowan MJ, Jones SM, Little TD (2003) The Infant-Toddler

Social and Emotional Assessment (ITSEA): Factor structure, reliability, and
validity. Journal of Abnormal Child Psychology 31: 495–514.

31. Briggs-Gowan MJ, Carter AS (2008) Social-emotional screening status in early

childhood predicts elementary school outcomes. Pediatrics 121: 957–962.
32. Wet medisch-wetenschappelijk onderzoek met mensen [Dutch Act on research

involving human subjects] (1998). Bwb-id:BWBR0009408. Available: http://
wetten.overheid.nl/BWBR0009408/geldigheidsdatum_05-02-2010.

33. Oosterling IJ, Wensing M, Swinkels SH, van der Gaag RJ, Visser JC, et al.

(2010) Advancing early detection of autism spectrum disorder by applying an
integrated two-stage screening approach. Journal of Child Psychology and

Psychiatry 51: 250–258.
34. Swinkels SHN, Dietz C, van Daalen E, Kerkhof I, van Engeland H, et al. (2006)

Screening for autistic spectrum in children aged 14 to 15 months. I: The
development of the early screening of autistic traits questionnaire (ESAT).

Journal of Autism and Developmental Disorders 36: 723–732.

35. Oosterling IJ, Swinkels SH, van der Gaag RJ, Visser JC, Dietz C, et al. (2009)
Comparative Analysis of Three Screening Instruments for Autism Spectrum

Disorder in Toddlers at High Risk. Journal of Autism and Developmental
Disorders 39: 897–909.

36. Swets JA (1988) Measuring the accuracy of diagnostic systems. Science 240:

1285–1293.
37. Akobeng AK (2007) Understanding diagnostic tests 3: receiver operating

characteristic curves. Acta Paediatrica 96: 644–647.
38. Fischer JE, Bachmann LM, Jaeschke R (2003) A readers’ guide to the

interpretation of diagnostic test properties: clinical example of sepsis. Intensive
Care Medicine 29: 1043–1051.

39. Cohen J (1988) Statistical power analysis for the behavioral sciences (2nd ed.).

Hillsdale, NJ: Lawrence Erblaum Associates.

Screening for ASD with the BITSEA

PLOS ONE | www.plosone.org 8 May 2014 | Volume 9 | Issue 5 | e97630

http://wetten.overheid.nl/BWBR0009408/geldigheidsdatum_05-02-2010
http://wetten.overheid.nl/BWBR0009408/geldigheidsdatum_05-02-2010

