
Elsabbagh et al. 

 1 

Disengagement of Visual Attention in Infancy is Associated with Emerging 
Autism in Toddlerhood 

 
Supplemental Information 

 
 
Participants and Clinical Characterization 

 Recruitment, ethical approval (NHS NRES London REC 08/H0718/76) and informed 

consent, as well as background data on participating families, were made available for the 

current study through The British Autism Study of Infant Siblings (BASIS), a UK 

collaborative network facilitating research with infants at-risk for autism 

(www.basisnetwork.org). Families enroll from various regions when their babies are younger 

than 5 months of age and they are invited to attend multiple research visits until their children 

reach three years of age or beyond. Each visit lasts a day or two and is adapted to meet the 

families’ needs. Measures collected are anonymized and shared among scientists to maximize 

collaborative value and to minimize burden on the families. A clinical advisory team of 

senior consultants works closely together with the research team/s and, if necessary, with the 

family’s local health services, to ensure that any concerns about the child arising during the 

study are adequately addressed. 

One hundred and four infants from BASIS took part in the current study (54 at-risk, 

and 50 low-risk). Twenty-one of the at-risk infants were male, 33 were female.  Twenty-one 

of the low-risk infants were male, 29 were female. Along with several other measures, the 

infants were seen for the task at the Centre for Brain and Cognitive Development when they 

were 6 to 10-months of age and again at 12-15 months. Subsequently, 52 (from 54) of those 

at-risk for autism spectrum disorder (ASD) were seen for assessment around their second 

birthday (mean = 23.9 months, SD = 1.2) and 53 around their third birthday (mean = 37.7 

months, SD = 3.0), by an independent team at the Centre for Research in Autism and 

Education, Institute of Education.  

 

Confirmation of Risk Status in the Older Sibling   

At the time of enrollment, none of the infants had been diagnosed with any medical or 

developmental condition. Infants at-risk all had an older sibling (hereafter, proband) with a 

community clinical diagnosis of ASD (or in 4 cases, a half-sibling), and in 3 cases 2 probands 

with an ASD. Forty-five probands were male, 9 were female. Proband diagnosis was 

confirmed by two expert clinicians (PB, TC) based on information using the Development 

and Wellbeing Assessment (DAWBA) (1) and the parent-report Social Communication 
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Questionnaire (SCQ) (2). Most probands met criteria for ASD on both the DAWBA and SCQ 

(n = 44). While a small number scored below threshold on the SCQ (n = 4), no exclusions 

were made, due to meeting threshold on the DAWBA and expert opinion. For 2 probands, 

data were only available for either the DAWBA (n = 1) or the SCQ (n = 1). For 4 probands, 

neither measure was available (aside from parent-confirmed local clinical ASD diagnosis at 

intake). Parent-reported family medical histories were examined for significant medical 

conditions in the proband or extended family members, with no exclusions made on this 

basis. 

Infants in the low-risk group were recruited from a volunteer database at the Birkbeck 

Centre for Brain and Cognitive Development. Inclusion criteria included full-term birth (with 

one exception), normal birth weight, and lack of any ASD within first-degree family 

members (as confirmed through parent interview regarding family medical history). All low-

risk infants had at least one older-sibling (in 3 cases, only half-sibling/s). Twenty-eight of the 

older siblings were male, 22 were female. Screening for possible ASD in these older siblings 

was undertaken using the SCQ, with no child scoring above instrument cut-off for ASD 

(>15) (one score was missing).  

 

Background Characterization Measures 

 Two measures of general developmental level were obtained for the infants and 

toddlers at each visit. The Mullen Scales of Early Learning (MSEL) (3) is a direct assessment 

of verbal and non-verbal abilities appropriate for children from birth to 6 years. Scores across 

four domains – Visual Reception, Fine Motor, Receptive Language, and Expressive 

Language – are combined to yield an overall Early Learning Composite (ELC; mean = 100, 

SD = 15). Gross motor skills are also assessed but do not contribute to the ELC. An estimate 

of non-verbal developmental ability was computed by averaging the T scores (mean = 50, SD 

= 10) for Visual Reception and Fine Motor subscales. The Vineland Adaptive Behavior 

Scales (VABS) (4) is a parent-report measure of everyday skills in the domains of 

Communication, Daily Living Skills, Social Interaction, and Motor Skills. These combine to 

yield an Adaptive Behavior Composite (mean = 100, SD = 15).  

These developmental assessments were undertaken at each of the visits, when infants 

were 6- to 10-months, 12 to 15-months, and again around the second and third birthday, each 

time by independent research teams. While the MSEL is always administered directly with 

the child, the VABS has alternative administration formats. The Parent/Caregiver Rating 

Form (i.e., questionnaire booklet) was used at the 6- to 10-month and 12- to 15-month visits, 
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and the Survey Interview Form was used at the 24-month and 36-month visits. Scores from 

these measures are presented in Table S1. 

 

Outcome Characterization of the At-Risk and Low-Risk Groups 

Alongside the standard measures of cognitive (MSEL) and adaptive (VABS) 

development taken at each visit, at 24 months (at-risk group only; 50 Module 1, 2 Module 2) 

and 36 months (both groups; Table S1, 3 Module 1, 98 Module 2) a semi-structured play 

assessment, the Autism Diagnostic Observation Schedule (ADOS) (5) was used to assess 

autism-related social and communication behavioral characteristics. This was augmented at 

36 months (at-risk group only) with the parent-report Autism Diagnostic Interview (ADI) (6).  

Characterization of outcomes in the at-risk cohort at 36-months was done by 

ascertaining three sub-groups (Table S1): Those who were typically-developing, those 

classified as having ASD, and those exhibiting some form of developmental concerns. For 

the at-risk group consensus ICD-10 (7), ASD (including childhood autism; atypical autism, 

other pervasive developmental disorder (PDD)) was diagnosed using all available 

information from all visits by experienced researchers (TC, KH, SC, GP), hereafter ‘At-risk-

ASD’. From the 53 toddlers assessed at 36-months, 17 (11 boys, 6 girls) met criteria for an 

ASD diagnosis (32.1%). Given the young age of the children, and in line with the proposed 

changes to DSM-5 (8), no attempt was made to assign specific sub-categories of PDD/ASD 

diagnosis. Another subgroup of toddlers from the at-risk group who were classified as not 

having ASD were considered to still have other developmental concerns (‘At-risk Other’). 

These were 12 toddlers (22.6%; 3 boys, 9 girls) who either scored above the ADOS or ADI 

(9) cut-off for ASD or scored <1.5 SD on the Mullen ELC or Receptive Language and 

Expressive Language subscales but did not meet ICD-10 criteria for an ASD (9 scored > 

ADOS cut-off, 1 > ADOS cut-off and <1.5 SD Mullen ELC cut-off, 1 > ADI cut-off, and 1 

<1.5 SD Mullen ELC cut-off). The remaining 24 (45.4%; 7 boys, 17 girls) at-risk children 

meet neither of the above criteria and were considered to be clearly typically developing 

(‘At-risk Typical’). 

It is worth noting that the toddlers with ASD are mostly relatively high functioning. 

This pattern is an emerging finding from several sibling studies (10, 11) and likely reflects 

differences between ASD children ascertained from a familial at-risk design and clinically 

referred cohorts, who often include a considerably greater proportion of children with ASD 

with an intellectual disability, and the generalizability of the current findings to such samples 

needs to be demonstrated.  
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Table S1. Participant characteristics 

  Control At-Risk 
   Combined At-Risk 

no ASD 
At-risk 

ASD 
No ASD-Other 

concerns 
Visit Measure Mean (SD) 

n 
Mean (SD) 

n 
Mean (SD) 

n 
Mean (SD) 

n 
Mean (SD) 

n 

6-10 
months 

Age at visit 
(months) 

7.4 (1.2) 
50 

7.3 (1.2) 
54 

7.1 (1.2) 
24 

7.5 (1.2) 
17 

7.3 (1.1) 
12 

Mullen ELC SS 104.4 (11.3) 
50 

94.0 (12.8) 
53 

96.1 (11.8) 
24 

92.1 (17.3) 
16 

92.8 (8.1) 
12 

Mullen NV T-score 56.2 (7.1) 
50 

51.5 (8.4) 
53 

52.6 (8.6) 
24 

49.9 (9.8) 
16 

51.3 (6.3) 
12 

VABS ABC SS 101.8 (13.7) 
49 

92.1 (14.8) 
53 

95.7 (17.8) 
23 

90.0 (13.4) 
17 

87.6 (9.0) 
12 

12-15 
months 

Age at visit 
(months) 

13.9 (1.3) 
48 

13.7 (1.6) 
53 

13.5 (1.7) 
23 

13.9 (1.6) 
17 

13.5 (1.2) 
12 

Mullen ELC SS 106.1 (15.7) 
47 

97.4 (17.9) 
53 

103.3 (18.1) 
23 

89.2 (18.3) 
17 

99.8 (11.3) 
12 

Mullen NV T-score 58.4 (8.3) 
47 

53.1 (10.3) 
53 

54.5 (10.7) 
23 

49.4 (10.9) 
17 

56.7 (6.3) 
12 

VABS ABC SS 100.8 (8.9) 
45 

91.5 (13.8) 
51 

95.6 (10.3) 
21 

87.5 (13.7) 
17 

90.6 (18.5) 
12 

24 months 

Age at visit 
(months) 

23.9 (0.7) 
47 

23.9 (1.2) 
52 

23.9 (1.3) 
24 

24.0 (1.0) 
16 

23.8 (1.1) 
12 

Mullen ELC SS 
 

116.0 (14.0) 
42 

102.3 (19.8) 
52 

105.4 (17.5) 
24 

97.8 (24.7) 
16 

102.0 (16.8) 
12 

Mullen NV T-score  56.9 (8.8) 
43 

51.6 (9.7) 
52 

53.7 (7.9) 
24 

49.4 (11.3) 
16 

50.2 (10.5) 
12 

VABS ABC SS 108.2 (12.0) 
47 

101.5 (10.6) 
52 

103.5 (9.9) 
24 

100.0 (12.8) 
16 

99.3 (8.8) 
12 

ADOS 
Communication  

-- 2.1 (1.6) 
52 

1.3 (1.2) 
24 

3.2 (1.8) 
16 

2.3 (1.3) 
12 

ADOS Social -- 4.3 (3.0) 
52 

3.0 (2.8) 
24 

6.6 (2.9) 
16 

3.8 (1.6) 
12 

ADOS Total  -- 6.4 (4.3) 
52 

4.4 (3.8) 
24 

9.8 (4.3) 
16 

6.0 (2.1) 
12 

36 months 

Age at visit 
(months) 

38.2 (3.1) 
48 

37.7 (3.0) 
53 

38.1 (3.9) 
24 

37.8 (2.1) 
17 

36.7 (1.8) 
12 

Mullen ELC SS 115.8 (16.3) 
48 

105.4 (21.5) 
52 

113.5 (13.3) 
24 

94.8 (28.5) 
16 

103.4 (19.0) 
12 

Mullen NV T-score 57.8 (9.9) 
48 

52.6 (13.0) 
52 

57.1 (9.3) 
24 

45.3(15.8) 
16 

53.2 (12.1) 
12 

VABS ABC SS 106.4 (9.1) 
48 

96.4 (12.2) 
53 

101.3 (8.7) 
24 

90.1 (14.6) 
17 

95.7 (10.8) 
12 

ADOS 
Communication  

2.5 (1.5) 
48 

3.3 (2.2) 
53 

2.0 (1.2) 
24 

4.2 (2.5) 
17 

4.8 (1.9) 
12 

ADOS Social  3.2 (3.1) 
48 

4.9 (3.5) 
53 

2.0 (1.5) 
24 

7.4 (2.7) 
17 

7.3 (2.6) 
12 

ADOS Total 5.6 (4.3) 
48 

8.3 (5.3) 
53 

4.0 (2.2) 
24 

11.7 (4.7) 
17 

12.1 (4.1) 
12 

% above ADOS 
ASD threshold 

22.9% 
48 

43.4% 
53 

1.6 (1.7) 
24 

76.5% 
17 

83.4% 
12 

ADI Social  -- 4.5 (5.3) 
52 

2.2 (1.8) 
24 

9.8 (5.5) 
16 

3.4 (4.9) 
12 
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  Control At-Risk 
   Combined At-Risk 

no ASD 
At-risk 

ASD 
No ASD-Other 

concerns 
Visit Measure Mean (SD) 

n 
Mean (SD) 

n 
Mean (SD) 

n 
Mean (SD) 

n 
Mean (SD) 

n 
ADI 

Communication   
-- 4.4 (4.8) 

52 
0.5 (0.9) 

24 
8.4 (5.1) 

16 
3.6 (5.5) 

12 
ADI Beh/Rep Int  -- 1.6 (2.0) 

52 
0.69 (1.1) 

36 
3.6 (2.2) 

16 
1.1 (1.3) 

12 
% above ADI ASD 

threshold 
-- 17.3% 

52 
0% 
24 

50.0% 
16 

8.3% 
12 

ABC, Adaptive Behavior Composite; ADI, Autism Diagnostic Interview; ADOS, Autism 
Diagnostic Observation Schedule; ASD, autism spectrum disorder; Beh/Rep Int, Restricted, 
Repetitive and Stereotyped Patterns of Interest; ELC, Early Learning Composite; NV, non-verbal; SS, 
standard score; VABS, Vineland Adaptive Behavior Scales. 
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