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Prevalence and Associated Features of Autism Spectrum Disorder
in Extremely Low Gestational Age Newborns at Age 10 Years

Robert M. Joseph, Thomas M. O’Shea, Elizabeth N. Allred, Tim Heeren, Deborah Hirtz, Nigel Paneth,
Alan Leviton, and Karl C. K. Kuban

We sought to estimate the prevalence of autism spectrum disorder (ASD) in children born extremely preterm relative
to the U.S. population risk of 1.5% [CDC, 2014] using the best-available diagnostic procedures and minimizing con-
founding with other neurodevelopmental impairments. Eight hundred and eighty nine of 966 (92%) 10-year-old chil-
dren from the Extremely Low Gestational Age Newborn birth cohort, delivered at 23–27 weeks gestation in 2002–
2004, participated. Children meeting ASD screening criteria on the Social Communication Questionnaire were eval-
uated with the Autism Diagnostic Interview–Revised (ADI-R). Those meeting ADI-R criteria were assessed with the
Autism Diagnostic Observation Schedule-2 (ADOS-2). A positive ADOS-2 score was the criterion for ASD. Twenty-six
participants were not assessed for ASD because of severe sensory or motor impairment. In the remaining sample, 61
children met criteria for ASD, resulting in a prevalence of 7.1% (95% CI 5 5.5–9.0). ASD risk decreased with increasing
gestational age, from 15.0% (95% CI 5 10.0–21.2) for 23–24 weeks, 6.5% (95% CI 5 4.2–9.4) for 25–26 weeks, to 3.4%
(95% CI 5 1.6–6.1) for 27 weeks gestational age, and this association was independent of IQ. Among children with
ASD, 40% had intellectual disability. The male-to-female ratio of children with ASD was 2.1:1 (95% CI 5 1.2:1–3.5:1),
lower than in the general population (4:1). ASD prevalence in the ELGAN cohort was four times higher than in the
general population, and was strongly associated with gestational age, underscoring the need for enhanced ASD
screening of children born preterm, and suggesting that some risk factors associated with preterm birth may also play
a role in the etiology of autism. Autism Res 2016, 00: 000–000. VC 2016 International Society for Autism Research,
Wiley Periodicals, Inc.

Keywords: diagnosis; epidemiology – descriptive; intellectual disability; pre- and perinatal risk factors; prevalence; sex
differences

Introduction

Autism spectrum disorder (ASD) is characterized by

impairments in reciprocal social interaction and com-

munication and by restrictive interests and repetitive

behaviors [APA, 2013]. According to the most recent

estimates from the Centers for Disease Control, ASD

occurs in approximately 1.5% of individuals in the

United States, four times more often in males than

females, and about 30% of children diagnosed with

ASD also have intellectual disability (ID) [CDC, 2014].

Although ASD is highly heritable [Ronald & Hoekstra,

2011; Sandin, Kolevzon, Levine, Hultman, & Reichen-

berg, 2013], environmental factors appear to contribute

to ASD susceptibility [Hallmayer et al., 2011; Sandin

et al., 2013]. Preterm birth and environmental factors

mediating prematurity are associated with increased

risk of ASD [Abel et al., 2013; Lampi et al., 2012; Lars-

son et al., 2005; Losh, Esserman, Anckarsater, Sullivan,

& Lichtenstein, 2012; Maimburg & Vaeth, 2006; Moore,

Kneitel, Walker, Gilbert, & Xing, 2012; Schendel & Bha-

sin, 2008]. Among children born preterm, ASD risk has

been reported to increase with each decreasing week of

gestation [Kuzniewicz et al., 2014].

To date, four prospective studies have used standar-

dized screening or diagnostic instruments to examine

ASD in school-age cohorts of preterm children [Hack

et al., 2009; Johnson et al., 2010; Pinto-Martin et al.,

2011; Treyvaud et al., 2013], yielding prevalence esti-

mates from 3 to 8%. In the three of these studies that

reported characteristics specifically associated with ASD

[Hack et al., 2009; Johnson et al., 2010; Pinto-Martin

et al., 2011], an average of 60% (39–75%) of cases had

ID, and a large proportion also had severe neuromotor
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or neurosensory impairment. According to DSM-5, a

diagnosis of ASD requires that autism-related symptoms

are not better accounted for by global (i.e., non-autism-

specific) neurodevelopmental disability, and the impair-

ment in social-communicative ability is greater than

would be expected based on cognitive ability [APA,

2013]. This raises the question of whether the height-

ened occurrence of ASD reported among children born

extremely preterm might in a significant number of

cases be more accurately attributable to global neurode-

velopmental disability.

In the present study, we examined the frequency of

ASD in the Extremely Low Gestational Age Newborn

(ELGAN) cohort of children, born in the United States in

2002–2004 at 23–27 weeks gestational age. We used gold-

standard autism diagnostic measures, including in-depth

parent interviews and direct behavioral observation to

assess ASD. We excluded children with severe neurodeve-

lopmental impairment, for whom a diagnosis of ASD

would not be valid based on DSM-5 criteria requiring dis-

proportionate impairment in social-communicative abil-

ities. We assessed the association between ASD outcomes

at age 10 years and gestational age at birth. We also eval-

uated whether the frequency of ID and the male:female

sex ratio among ELGANs with ASD differed appreciably

from estimates for the general ASD population reported

by the centers for disease control and prevention (CDCP).

Methods
Participants

The ELGAN Study is a multicenter observational study

of the risk of structural and functional neurologic disor-

ders in extremely preterm infants. During the years

2002–2004, women delivering before 28 weeks gesta-

tion at 14 sites in 11 cities in 5 states (Connecticut, Illi-

nois, Massachusetts, Michigan, North Carolina) were

asked to enroll in the study. Twelve hundred and forty

nine mothers of 1506 infants consented to participate.

Of the 1198 children who survived to 10 years of age,

966 were actively recruited for follow-up (because of

the availability of data on inflammation-related pro-

teins in blood samples collected during their first post-

natal month) and 889 (92%) agreed to participate.

Procedures for this study were approved by the institu-

tional review boards of participating institutions.

Maternal and Newborn Characteristics

Mothers reported their own characteristics. We have

previously described the standard procedures used for

defining gestational age, birth weight, and growth

restriction (birth weight Z-score) [O’Shea et al., 2009].

ASD Assessment

Diagnostic assessment of ASD was conducted with three

well-validated measures, administered sequentially.

Children meeting standardized criteria on a given mea-

sure were further assessed with the next measure.

First, study participants were screened for ASD symp-

toms with the Social Communication Questionnaire

(SCQ) [Rutter, Bailey, & Lord, 2003], a parent-report

screener that assesses ASD symptoms observed at any

time in the child’s life. The SCQ includes 39 ratings for

children with simple sentence speech, and 33 ratings

for those without simple sentence speech. To increase

screener sensitivity, a score �11, recommended by the

authors for individuals at higher-than-normal risk for

ASD was used instead of the standard criterion of �15.

Second, children who met SCQ screening criteria

were evaluated with the Autism Diagnostic Interview–

Revised (ADI-R) [Le Couteur, Lord, & Rutter, 2003], an

in-depth parent interview that assesses symptoms in

the core domains of communication, social, and repeti-

tive behavior, and classifies autism based on 30–36 rat-

ings, depending on the child’s language level. Because

the ADI-R diagnostic algorithm classifies autism only,

and not the less severe diagnosis of PDD-NOS or ASD,

slightly relaxed cutoffs were used to ensure identifica-

tion of less severely affected children. These modified

criteria [Risi et al., 2006] are described in Table 2. The

ADI-R is not recommended for the diagnosis of ASD in

children with a developmental age less than 2 years

because of poor specificity in discriminating between

children with ASD and children with global neurodeve-

lopmental disability.

Finally, children who met criteria for autism or ASD

on the ADI-R were assessed with the Autism Diagnostic

Observation Schedule, Second Version (ADOS-2) [Lord

et al., 2012], which served as the criterion measure of

ASD in this study. The ADOS-2 is a semistructured,

observation protocol in which the examiner interacts

with the child to assess social-communicative and

repetitive behavior symptoms. One of three modules of

the ADOS-2 is administered based on the child’s lan-

guage level. Each ADOS-2 module is scored with a diag-

nostic algorithm comprised of ten social affective and

four repetitive behavior items that best discriminate

children with ASD from typically developing children

and non-ASD children with ID. Each algorithm provides

threshold criteria for autism as well as the less severe

classification of ASD based on the combined scores for

social affect and repetitive behavior. Because diagnostic

thresholds vary across the ADOS-2 modules, each algo-

rithm also generates calibrated severity scores, ranging

from 1 to 10, which are comparable across modules

[Gotham, Pickles, & Lord, 2009]. The ADOS-2 is not a

valid measure of ASD in children with severe uncorrected
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visual or hearing impairment or severe motor impair-

ment, as such deficits would significantly limit the child’s

ability, for example, to make eye contact, to orient in the

direction of another person’s voice or shift of gaze, or to

use communicative gestures, and to engage in several

other behaviors that are evaluated in an ADOS-2 assess-

ment of ASD.

The only exceptions to the ASD assessment procedure

described above were made for nine children who did

not meet ADI-R criteria for ASD, but who were eval-

uated with the ADOS-2 because the child had a prior

clinical diagnosis of ASD or the child was thought likely

to meet ASD criteria based on the site psychologist’s

clinical observation during cognitive testing of the

child. For two additional children who met ADOS-2

diagnostic criteria for ASD, the parent did not complete

the ADI-R interview.

All personnel who conducted the ADI-R and ADOS-2

received research-level training in their use and estab-

lished high inter-rater reliability with an experienced

trainer. All ADOS-2 administrations were video recorded

and independently scored by a second rater with autism

diagnostic and ADOS-2 expertise (R.M.J.), who did not

have knowledge of the child’s SCQ and ADI-R results

and prior clinical history. In cases of ADOS-2 scoring

disagreements, a consensus score was reached after

review and discussion of the videoed data. Item-by-item

inter-rater agreement on the 14 scores comprising each

of the ADOS-2 diagnostic algorithms was on average

.93 (SD 5 .12). Of 90 ADOS-2 assessments, inter-rater

disagreement and consensus scoring resulted in four

changes of classification, three from non-ASD to ASD

and one from ASD to non-ASD, Cohen’s K 5 .90.

Intellectual Ability and Sensorimotor Status

Intellectual ability (IQ) was assessed with the School-

Age Differential Ability Scales–II (DAS-II) [Elliott,

2007] Verbal (VIQ) and Nonverbal Reasoning (NVIQ)

scales. ID was defined as having both VIQ and NVIQ

below a standard score of 70. Severe gross motor dys-

function was defined as Level 5 (i.e., no self-mobility)

on the Gross Motor Function Classification System

(GMFCS) [Palisano et al., 1997]. A child was consid-

ered to have severe visual impairment if the parent

reported uncorrectable functional blindness in both

eyes. No participant had a significant, uncorrected

hearing impairment.

Data Analyses

The prevalence of ASD in the ELGAN cohort was calcu-

lated with 95% confidence intervals and compared with

the prevalence of ASD in the general population esti-

mated by the CDCP as 1.5% with a chi-square goodness

of fit test. Differences in the prevalence of ASD among

ELGANs by gestational age were evaluated with a chi-

square test of independence, and presented with 95%

confidence intervals. Differences in the proportion of

ELGANs with ASD compared to those without ASD who

had verbal IQ and nonverbal IQ below 70 were also

evaluated with chi-square tests of independence. Chi-

square goodness of fit tests were used to compare the

prevalence of ID among ELGANs with ASD to the prev-

alence of ID among children with ASD in the general

population (30%), and to compare the sex ratio of

ELGANs with ASD to the sex ratio in the general ASD

population (4:1) [CDC, 2014].

Results
Sample Description

Table 1 compares the maternal and child characteristics

of children who did and did not participate in the 10-

year follow-up evaluation. From among the 1198 chil-

dren who survived to 10 years of age, those who did

not participate (n 5 309) were more likely to have indi-

cators of social disadvantage, such as lower maternal

education and receipt of public health insurance. Social

disadvantage has been identified as a risk factor for

both ASD [DiGuiseppi et al., 2016; Rai et al., 2012] and

preterm birth [Glinianaia et al., 2013]. In contrast, these

same children did not differ from those who partici-

pated in newborn characteristics, including sex, gesta-

tional age, and birth-weight Z-score, a measure of fetal

growth restriction.

Of 889 children in the sample, 26 children were

excluded from an assessment of ASD, 17 because of

severe motor impairment and severe ID, 7 for func-

tional blindness, and 2 for severe motor impairment,

blindness, and ID combined. Of these 26 children, 19

did not achieve basal IQ scores on the DAS-II, indica-

tive of a nonverbal mental age of approximately 3.5

years or lower.

One child who met SCQ criteria and 5 children who

met both SCQ and ADI-R criteria for ASD did not return

to complete the ASD assessment, and were not included

in the final sample. Of these 6 children, 4 did not

achieve basal IQ scores, 1 scored in the mild ID range,

and 1 family refused IQ testing.

Of the 857 children assessed for ASD, 13 (1 ASD posi-

tive, 12 ASD negative) did not have an IQ assessment.

As shown in Table 2, maternal characteristics did not

differ between children with and without ASD, but chil-

dren with ASD tended to have lower gestational age,

birth weight, and birth weight Z-scores.

Prevalence of ASD by SCQ, ADI-R, and ADOS-2

Of 857 ELGANs who were assessed for ASD, 106

(12.4%) screened positive on the SCQ, and 79 (9.2%)

INSAR Joseph et al./Prevalence of ASD among ELGANs 3



met ADI-R criteria for ASD. An additional 2 children for

whom ADI-R data were not collected, and 9 ADI-R-

negative children were further evaluated because of

prior clinical diagnosis or current clinical suspicion. Of

these 90 children, 61 children met ADOS-2 criteria for

ASD, resulting in a sample prevalence of 7.1% (95%

CI 5 5.5–9.0), significantly higher than the 1.5% preva-

lence in the general population (X2
GOF(1) 5 183.1,

P<0.001). (Of the 9 ADI-R-negative children who were

assessed with the ADOS-2, 4 met ADOS-2 criteria for

ASD. Of the 2 children who were not assessed with the

ADI-R, both met ADOS-2 criteria for ASD.)

ASD occurred more frequently with lower gestational

age (X2
IND(2) 5 23.0, P<0.001). The frequency of ASD

was 15.0% (95% CI 5 10.0–21.2) among children born

during the 23rd and 24th weeks of gestation, 6.5%

(95% CI 5 4.2–9.4) among those born during the 25th

and 26th weeks of gestation, and 3.4% (95% CI 5 1.6–

6.1) among children born during the 27th week of ges-

tation (see Fig. 1). When the frequency of ASD by gesta-

tional age was limited to children in the sample

without ID, a similar pattern was observed: 10.1% (95%

CI 5 5.7–16.1), 4.8% (95% CI 5 2.8–7.5), and 1.0% (95%

CI 5 0.4–3.6) for the gestational age categories of 23–24,

25–26, and 27 weeks, respectively.

Among children meeting criteria for ASD, all median

ADI-R and ADOS-2 scores exceeded cutoffs for the more

severe classification of autism, and were similar across

IQ groups (Table 3). In addition, both lower and higher

IQ groups had median ADOS-2 calibrated symptom

scores of 8, in the “high” range of symptom severity

[Gotham et al., 2009]. (In contrast, the median cali-

brated symptom score for the 31 children who did not

meet ADOS-2 ASD criteria was 1, in the “minimal-to-

no-evidence” range of severity.) All but 2 of the 61 chil-

dren who met criteria for ASD had repetitive behaviors

on the ADOS-2. One of these two children had repeti-

tive behaviors reported on the ADI-R.

Associated Characteristics of ASD

Of the 61 children who met ASD criteria on the ADOS-

2, 14 were administered Module 1 (no words or single

words), 5 Module 2 (phrase or simple sentence speech),

and 42 Module 3 (complex sentence speech), indicating

that the majority of the sample spoke fluently.

Children diagnosed with ASD were much more likely

to have verbal (X2
IND(1) 5 94.8, P<0.001) and nonverbal

IQ (X2
IND(1) 5 79.8, P<0.001) below 70, in the ID range,

than children not diagnosed with ASD (Table 4).

Among those with ASD, 40% (n 5 24) had both verbal

Table 1. Characteristics of the 1198 Children From the ELGAN Birth Cohort Who Survived to age 10 Years Who Were Not
Recruited, Who Were Recruited But Did Not Participate, and Who Were Recruited and Did Participate in the 10-Year Follow-
Up Evaluation. These Are Column Percents

Survived to 10 years

Recruited
Row

Not recruited Did not participate Participated N

Maternal characteristics at birth
Age, years <21 19 13 13 170

21–35 64 78 67 802

>35 17 9 20 226

Education, years �12 (high school) 51 55 41 506

>12, <16 23 26 23 270

�16 (�college) 26 19 35 376

Single marital status Yes 50 58 41 513

Public insurance Yes 50 60 35 464

Racial identity White 53 45 63 706

Black 29 38 26 322

Other 18 17 11 151

Hispanic Yes 22 14 13 147

Newborn characteristics
Sex Male 53 56 51 621

Gestational age, weeks 23–24 20 14 21 245

25–26 46 60 45 553

27 34 26 34 400

Birth weight, grams �750 36 27 37 436

751–1000 38 64 43 520

>1000 26 9 20 242

Birth weight Z-score <22 3 1 6 62

�22, <21 9 14 14 153

�21 87 84 81 938

Maximum column N 232 77 889 1198
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and nonverbal IQ<70, and 60% (n 5 36) had either

(n 5 13) or both (n 5 23) verbal and nonverbal IQ�70.

Of the 13 children who had either verbal or nonverbal

IQ�70, 10 had nonverbal IQ�70 and 3 had verbal

IQ�70.

ASD co-occurred with ID in 24/844 or 2.8% (95%

CI 5 1.8–4.2) of the entire sample, and with IQ in the

borderline range or above in 36/844 or 4.3% (95%

CI 5 3.0–5.9) of the sample. The 40% prevalence of ID

among study participants with ASD was not signifi-

cantly different from the 30% prevalence, X2
GOF(1) 5 2.5,

P 5 0.11, among individuals with ASD reported by the

CDCP [CDC, 2014].

Among ELGANs with ASD, the ratio of males (n 5 41)

to females (n 5 20) was 2.1–1 (95% CI 5 1.2:1–3.5:1),

significantly lower than the 4:1 ratio estimated by the

CDCP [CDC, 2014] X2
GOF(1) 5 6.6, P 5 0.01. This sex

ratio was similar among individuals with ID (2.4:1) and

those without ID (2.0:1).

Of the 24 children with ASD whose verbal and non-

verbal IQ scores were below 70, 46% (n 5 11) failed to

achieve a basal IQ score, indicative of a nonverbal men-

tal age of 3.5 years or lower. In the clinical impression

of both ADOS-2 reviewers, all 11 of these children met

DSM-5 criteria for ASD because their ASD-related behav-

iors were not better accounted for by ID than by ASD.

However, because the specificity of ASD diagnoses

declines with decreasing mental age [Risi et al., 2006],

we also estimated the prevalence of ASD in the ELGAN

sample after excluding children (n 5 13; 11 ASD posi-

tive, 2 ASD negative) for whom we could not confirm a

nonverbal mental age of at least 2 years. This yielded a

frequency of 50/844 or 5.9% (95% CI 5 4.4–7.7), still

more than three times higher than the U.S. population

estimate.

Discussion

We used research-validated diagnostic instruments to

assess the prevalence of ASD in a prospectively followed

cohort of 889 10-year-old children born extremely pre-

term. Excluding children with severe sensory and motor

impairment, we confirmed prior reports [Hack et al.,

2009; Johnson et al., 2010; Pinto-Martin et al., 2011;

Treyvaud et al., 2013] that children born significantly

preterm are at substantially increased risk of ASD. We

found a 7.1 prevalence of ASD in our total cohort of

children born at 23–27 weeks of gestational age, a more

than fourfold increase over the 1.5% prevalence

Table 2. Sample Characteristics by ASD Classification. These
are Column Percents

ASD1

(n 5 61)

ASD2

(n 5 796)

Maternal characteristics at birth
Age, years <21 8 13

21–35 70 67

>35 21 20

Education, years �12 (high school) 47 40

>12,< 16 14 24

�16 (� college) 39 36

Maternal IQ Z-score �22 3 4

>22, �21 5 7

>21, �1 61 69

>1 23 15

missing 8 5

Single marital status Yes 36 40

Public insurance Yes 33 34

Racial identity White 62 64

Black 30 25

Other 8 12

Hispanic Yes 7 10

Newborn characteristics
Sex Male 67 50

Gestational age, weeks 23–24 43 18

25–26 41 45

27 16 36

Birth weight, grams �750 59 35

751–1000 28 45

>1000 13 20

Birth weight Z-score <–2 13 5

�–2, <–1 10 13

�–1 77 81

Figure 1. Prevalence (with 95% confidence interval) of ASD by
gestational age category. Dashed horizontal line represents ASD
prevalence in the U.S. population.
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reported by the CDCP for 8-year-olds in the general

U.S. population in 2010 [CDC, 2014].

Our findings of a significantly increased risk of ASD

in the ELGAN cohort confirm those from prior studies

[Johnson et al., 2010; Pinto-Martin et al., 2011], but

also advance them in two critical ways. First, we

excluded from our target sample children with signifi-

cant sensory, motor, and ID, enhancing the specificity

of our estimates by ensuring that ASD classifications

could not be better accounted for by global neurodeve-

lopmental disability than by ASD. Second, in addition

to in-depth parent interviewing with the ADI-R, we

required that all our cases be confirmed by direct

behavioral observation with the ADOS-2, consensus-

scored by two expert autism clinicians. Johnson et al.

[2010] used the Differential and Well Being Assessment

Table 3. SCQ, ADI-R,a and ADOS-2b Median (and 25th and 75th Percentile) Scores for Lower and Higher IQ Children Meeting
Criteria for ASD (n 5 60)c

IQ< 70e (n 5 24) IQ� 70f (n 5 36) Row n

SCQ total score 23 (17, 27) 18 (13, 24) 58

ADI-R social total 26 (18, 28) 20 (13, 25) 58

ADI-R communication totald

ADI-R verbal communication total 18.5 (15, 22) 13 (9, 18) 47

ADI-R nonverbal communication total 14 (11, 14) — 11

ADI-R repetitive behaviors total 4 (3, 8) 5 (2,7) 58

ADOS-2 Module 1

Social affect 15 (12, 17) — 14

Restricted and repetitive behaviors 6 (3, 7) — 14

Total 21 (18, 22) — 14

ADOS-2 Module 2

Social affect 13 (11.5, 16) 10g 5

Restricted and repetitive behaviors 4.5 (3,6) 7g 5

Total 17 (16, 20.5) 17g 5

ADOS-2 Module 3

Social affect 11 (10,16) 10 (7, 15) 41

Restricted and repetitive behaviors 3.5 (0, 4) 3 (2, 5) 41

Total 15.5 (13, 17) 14 (9, 19) 41h

ADOS-2 symptom severity score 8 (6.5, 9) 8 (4, 9.5) 60

a An ADI-R classification of autism requires meeting or exceeding standardized cutoffs for social, communication, and repetitive behaviors of 10, 8,

and 3, respectively. ADI-R classifications of ASD (Risi et al., 2006) were calculated as follows: meets autism cutoff for social and meets cutoff on

either communication or repetitive behavior; meets cutoffs for social and communication or meets cutoff for social and within 2 points of communi-

cation cutoff; or meets cutoff for communication and within 2 points of social cutoff or within 1 point of both social and communication cutoffs.
b An ADOS-2 Module 1 classification of autism requires a total score �16 for children with no-to-few words and �12 for children with some words.

An ADOS-2 Module 1 classification of ASD requires a total score �11 for children with no-to-few words and �8 for children with some words. ADOS-2

Module 2 classifications of autism and ASD require total scores �9 and 8, respectively. ADOS-2 Module 3 classifications of autism and ASD require

total scores �9 and 7, respectively.
c IQ was not available for one Module 3 child.
d Only children with simple sentence speech (n 5 47) are evaluated for verbal communication on the ADI-R.
e Both verbal and nonverbal IQ< 70.
f Either or both verbal and nonverbal IQ� 70.
g Single observation.
h Of 42 children administered ADOS-2 Module 3, 6 had IQ< 70. One child was missing both VIQ and NVIQ data, and was, therefore, not included in

this table.

Table 4. Child Verbal and Nonverbal IQa by ASD Classifica-
tion. These are Column Percents

ASD1 (n 5 61)a ASD2 (n 5 796)b

Verbal IQ <55 42 3

55–69 14 8

70–84 19 19

�85 25 71

Nonverbal IQ <55 27 2

55–69 18 6

70–84 27 23

�85 28 69

a One child missing both VIQ and NVIQ data, and one child missing

VIQ data (NVIQ 5 122) because of inattention/noncompliance.
b Eleven children missing IQ data.
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[Goodman, Ford, Richards, Gatward, & Meltzer, 2000],

a parent interview administered by telephone or online

as the criterion measure of ASD in an extremely low

gestational age sample, and estimated an ASD preva-

lence of 8%. Using the same assessments as used in the

current study, Pinto-Martin et al. [2011] obtained an

ASD prevalence estimate of 5% in a low birth weight

(<2000 g) cohort, which had a mean gestational age of

31 weeks, but did not confirm all identified cases with

standardized behavioral observational testing.

In the ELGAN cohort, the IQ distribution among chil-

dren with ASD was not markedly different from that of

the general population of children with ASD in the

United States [CDC, 2014]. Although the overall preva-

lence of IQ<70 in the ELGAN cohort, as in other

extremely preterm cohorts, was much higher than in

unselected samples, the prevalence of ASD among chil-

dren with an IQ<70 was consistent with that previ-

ously reported [Bryson, Bradley, Thompson, &

Wainwright, 2008]. Thus, the increased ASD prevalence

in this sample might be associated, in part, with neuro-

developmental processes related to ID. However, 60%

of our sample who met rigorous diagnostic criteria for

ASD did not have severe cognitive or sensorimotor

impairment.

The increased risk of ASD for boys relative to girls

among ELGANs was lower than CDCP U.S. population

estimates and ratios reported in some [Glasson et al.,

2004; Maimburg & Vaeth, 2006] but not all [Sandin

et al., 2013] retrospective studies of children with ASD

born preterm. Contrary to prior findings [Schendel &

Bhasin, 2008], the relatively low male-to-female risk

ratio among ELGANs was not specifically associated

with ID. We offer two explanations for a lower male-to-

female risk ratio among ELGANs. First, community

diagnostic practice is now recognized to be less sensi-

tive to ASD in girls, resulting in their under-

representation in autism research samples [Frazier,

Georgiades, Bishop, & Hardan, 2014]. Second, the

decreased sex ratio could reflect the role of environ-

mental factors in the pathology of ASD among ELGANs.

For example, preterm birth and its antecedents might

disrupt a prenatal hormonal milieu that otherwise

serves as a protective factor against ASD-promoting

exposures for girls born at term [Gore, Martien, Gag-

nidze, & Pfaff, 2014; Werling & Geschwind, 2013].

ASD risk has previously been found to increase with

each week of decreasing gestational age among children

born from 24 to 34 weeks gestation [Kuzniewicz et al.,

2014]. In the ELGAN cohort, we found a similar gesta-

tional age gradient of ASD risk within the relatively nar-

rower gestational age range of 23–27 weeks, even

among children who did not have ID. Accordingly, low

gestational age can be seen as a marker of the immatur-

ity and vulnerability of the central nervous system as

well as other physiological systems that function to

protect the developing brain and, when perturbed, put

the developing fetus at risk [Dammann & Leviton,

1999; Leviton, Blair, Dammann, & Allred, 2005; Sanders

& Harvey, 2008]. Thus, the exposures that promote pre-

term birth might also promote ASD. For example,

maternal and fetal inflammation associated with proc-

esses leading to extremely preterm birth [Bastek et al.,

2011; Leviton, Allred, Yamamoto, Fichorova, & Investi-

gators, 2012; Wei, Fraser, & Luo, 2010] also appear to

be antecedents of ASD [Lee et al., 2015; Onore, Careaga,

& Ashwood, 2012]. In addition, neonatal systemic

inflammation, which occurs much more commonly

among very preterm newborns than in children born at

term, has also been associated with ASD [Krakowiak

et al., 2015); Masi et al., 2015]. Beyond inflammation,

preterm birth and the development of ASD may be

associated through other unrecognized processes, such

as epigenetic activation in response to environmental

exposures [Tordjman et al., 2014].

In conclusion, using the best available diagnostic

instruments, and excluding children with severe senso-

rimotor and cognitive impairment from our sample, we

found an increased prevalence of ASD among extremely

preterm children at least four times higher than in the

general population. In addition, ASD risk increased

with lower gestational age. Whereas the distribution of

IQ among ELGANs was not markedly different from

term children with ASD, the male-to-female ratio was

approximately half that found in most general popula-

tion cohorts.
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