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Abstract

Several reports indicate that autism spectrum disorder (ASD) is associated with increased rate of
head growth in early childhood. Increased rate of growth may index aberrant processes during early
development, may precede the onset of symptoms, and may predict severity of the disease course.
We examined rate of change in occipitofrontal circumference measurements (abstracted from
medical records) in 28 boys with ASD and in 8 boys with developmental delay without autism from
birth to age 36 months. Only children who had more than 3 occipitofrontal circumference
measurements available during this age period were included. All data were converted to z scores
based on the Centers for Disease Control and Prevention norms. Rate of growth from birth to age 36
months was statistically significantly higher for the ASD group than the developmental delay group,
with children with ASD showing a statistically significant increase in occipitofrontal circumference
relative to norms between 7 and 10 months; this group difference in rate of growth was more robust
when height was used as a covariate. Rate of growth was not found to be different for children with
ASD whose parents reported a history of loss of skills (regression) vs those whose parents reported
early onset of autism symptoms. Findings from this study suggest that the aberrant growth is present
in the first year of life and precedes the onset of diagnosis in children with ASD with and without a
history of autistic regression.
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Autism spectrum disorder (ASD) is a category of neurodevelopmental disorders characterized
by impairments in social relationships and communication and by the presence of repetitive
interests and stereotyped behaviors. Basic impairments, such as lack of attention to others and
failure to orient to name, often appear within the first year of life.! Using retrospective
investigations, other subtle impairments in the domains of motor, sensory perception, attention,
and social behaviors are present in the first year.1:2 In a study of high-risk infants,
Zwaigenbaum et al® found that by 12 months of age infants who later were diagnosed as having
ASD differed from nonrisk infants in terms of their eye contact, failure to orient to name,
impoverished social interest and affect, atypical visual attention and temperament, and delayed
language development. By preschool age, behavioral symptoms of ASD include impairments
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in social orienting, eye contact, joint attention, imitation, responses to the emotional displays
of others, and face recognition.#=8 Although the social behavior of individuals with ASD has
been well characterized, the basic neurobiological mechanisms underlying these impairments
are poorly understood.

Neuroimaging studies®10 of children with ASD revealed abnormalities in the cerebral cortex,
medial temporal lobe, and cerebellum. These abnormalities may have their origins in early
prenatal life.1 In a study of children with ASD who were 3 to 4 years of age vs children with
developmental delay and typical development, Sparks et al'2 found increased total cerebral
volume and proportionally large amygdala volume in the children with ASD. Findings suggest
increased volume early in development but slowed growth of the frontal (white and gray
matter), temporal (white and gray matter), and parietal (white matter) regions in children with
ASD compared with control subjects.13

This atypical pattern of early enlargement in brain size can also be found using occipitofrontal
circumference measurements.14=16 During early life, occipitofrontal circumference measures
correlate with gray matter volumes observed in magnetic resonance imaging investigations at
2 to 3 years of age and may be a good early proxy for brain volume.17:18 At older ages,
occipitofrontal circumference is no longer as strongly correlated with brain volume.19:20 At
birth, children who are later diagnosed as having ASD have been shown to have normal to
small occipitofrontal circumference. In a sample of 42 children with ASD, the mean + SD
occipitofrontal circumference percentile at birth was 48% + 29%.14 In a meta-analysis by
Redcay and Courschesne,20 birth occipitofrontal circumference was 13% smaller in children
with ASD than in controls. The meta-analysis included birth samples from 3 studies, each of
which suggested variability in head size at birth. For example, Gillberg and de Souza?! found
that of 10 of 13 children with Asperger syndrome who were macrocephalic after 16 months of
age had been macrocephalic at birth; 4 of 11 children with autism had been macrocephalic at
birth. In contrast, Courschesne et all® reported that the mean occipitofrontal circumference z
score for children with ASD in their sample was between —0.66 (15 children with birth and
longitudinal data) and —0.41 (33 children with a measurement at birth). Finally, Lainhart et
al18 found that the mean birth occipitofrontal circumference of 8 girls with ASD was greater
than the comparison mean, while the mean birth occipitofrontal circumference of 37 boys did
not differ from the mean. Only 2 of 9 children who were later identified as macrocephalic had
been macrocephalic at birth.16

Torrey and colleagues?? found that 15 children with ASD identified through records from the
National Collaborative Perinatal Project had slightly but not statistically significantly larger
occipitofrontal circumferences at birth and no difference at age 4 months compared with
approximately 40 000 children who did not have ASD. In this sample, body weight and length
were larger in the group with ASD.17:23-25 Using a population screen of all Swedish children
born between 1974 and 1993 (Swedish Inpatient Register), Hultman et al?6 found that ASD
was associated with pregnancy, delivery, and maternal variables but not with atypical
occipitofrontal circumference at birth. However, this sample only reflects children who
received inpatient care.

Studies1416:21,23,27=33 that evaluated individuals with ASD across a large age span report that
10% to 30% of individuals with ASD are macroencephalic. There is some suggestion that the
rate of macrocephaly in ASD is elevated or is similar to that of other developmental disorders
such as attention-deficit/hyperactivity disorder,39 tuberous sclerosis, seizure disorder,28 and
other developmental disabilities.34 Of note, the rate of macrocephaly in first-degree relatives
of individuals with ASD is also elevated.28:31
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More recently, researchers have examined age-related differences in occipitofrontal
circumference in ASD. In a study by Lainhart et al'® among a subsample of 11 participants
with ASD with multiple data points between birth and age 3 years, 6 had typical rates of growth,
4 had slower rates of growth, and 1 had an increased rate of growth. In another sample of
individuals with ASD, occipitofrontal circumference z scores were found to increase from
—0.66 at birth to 0.18 at age 3 to 5 months and to 1.01 at age 6 to 14 months.1® This represented
a z score increase of 1.67 between birth and age 6 to 14 months. Furthermore, Dementieva et
all4 found in a subsample of 17 children who had measurements at birth that 11 had a 25-
percentage point or greater increase in occipitofrontal circumference between 2 consecutive
time points. In 15 children who had 4 measurements across the first year of life, 11 children
had an increase of 25 percentage points or more between time point 1 (birth to age 1 month)
and time point 2 (age 1 month to age 2 months).

Results are unclear with respect to the extent to which accelerated head growth is correlated
with variations in symptom severity. Dementieva et al4 found accelerated head growth
associated with higher levels of adaptive functioning on the Vineland Adaptive Behavioral
Scales. In another study,6 increased occipitofrontal circumference was associated with less
severe core features of ASD in participants who had large occipitofrontal circumference for
age and sex. In contrast, Courchesne et al® found that increased occipitofrontal circumference
was associated more severe stereotyped and repetitive behavior, later onset of first word, and
higher likelihood of an autism diagnosis, compared with the milder diagnosis of pervasive
developmental disorder-not otherwise specified. Occipitofrontal circumference was also found
to be correlated with discrepancies in nonverbal 1Q and verbal IQ. In a study?’ of children with
ASD aged 4 to 14 years, larger occipitofrontal circumference was associated with higher
nonverbal 1Q scores than verbal 1Q scores.

As part of a larger National Institutes of Health-funded longitudinal study of children with
ASD and children with idiopathic developmental delay (without autism), we examined the rate
of change in occipitofrontal circumference in boys from birth to age 36 months. To be included
in the analysis, children had to have 3 or more occipitofrontal circumference measurements in
their medical records between birth and 36 months of age. In addition to occipitofrontal
circumference, we collected concurrent height measurements from medical records to take into
account overall body growth. Furthermore, for the group with ASD, we collected information
from parents regarding the presence of early loss of skills (autistic regression). We also
examined whether the pattern of occipitofrontal circumference was associated with levels of
symptom severity as assessed by diagnostic status at 3 years of age. This study focused on a
restricted age range (birth to 3-year developmental period), narrow age bins, and boys with
ASD to reduce the heterogeneity in the sample. We included an aged-matched sample of boys
with early developmental delay to examine the specificity of accelerated rate of growth in
children with ASD.

Children were diagnosed at 3 to 4 years of age by the diagnostic team of the University of
Washington Autism Center’s research program, which includes clinical psychologists and
advanced graduate students in clinical psychology. Children with identifiable genetic
syndromes (eg, Down syndrome, phenylketonuria, Williams syndrome, and fragile X
syndrome), premature birth, cerebral palsy, sensory impairment, and known neurological
disease or head trauma were excluded. Clinicians administered the Autism Diagnostic
Interview-Revised3® and the Autism Diagnostic Observation Schedule-Generic.36 Both
instruments assess the symptoms of autistic disorder listed in the Diagnostic and Statistical
Manual of Mental Disorders (Fourth Edition) (DSM-1V).37 In addition, clinicians made a
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separate clinical judgment of diagnosis based on the presence or absence of autism symptoms
as defined in the DSM-1V. Diagnosis of autism disorder (autism) was defined as meeting criteria
for autistic disorder on the Autism Diagnostic Observation Schedule-Generic and on the
Autism Diagnostic Interview-Revised (within 2 points) and meeting DSM-1V criteria for
autistic disorder based on clinical judgment. Diagnosis of pervasive developmental disorder-
not otherwise specified was defined as meeting criteria for ASD on the Autism Diagnostic
Observation Schedule-Generic, meeting criteria for autistic disorder on the Autism Diagnostic
Interview-Revised (within 2 points), or at least meeting DSM-1V criteria for pervasive
developmental disorder-not otherwise specified based on clinical judgment. For most analyses,
the pervasive developmental disorder-not otherwise specified and autism groups were
combined to form the ASD group.

Children with developmental delay had a diagnosis of idiopathic developmental delay based
on a multidisciplinary diagnostic evaluation. To be included in the developmental delay group,
the child demonstrated delays in 3 of the following 4 areas: verbal abilities, nonverbal problem
solving, motor milestones, and adaptive behavior. Additional exclusionary criteria included
the characteristics already listed for the autism group, as well as neurological disorder
associated with autism (eg, Norrie syndrome, neurofibromatosis, and tuberous sclerosis), major
physical abnormality (eg, cranial or facial deformity), or a sibling with ASD. Furthermore, the
child did not meet the criteria for ASD as already defined.

As part of the participation in a larger longitudinal study, medical records were solicited.
Twenty-eight boys with ASD (18 with autism and 10 with pervasive developmental disorder-
not otherwise specified) and 8 boys with developmental delay were included.

Regression Status

Developmental regression was assessed via parent report of a history of loss of skills
(regression) on the Autism Diagnostic Interview-Revised. Children classified as regressed
were those who had received a score of 2 (definite) on at least 1 of the following 3 Autism
Diagnostic Interview-Revised items: loss of spontaneous meaningful communicative speech
at some level, loss of words used spontaneously but without clear communicative intent, and
loss of skills in areas other than language development before age 5 years. Of 28 boys with
ASD, 11 were classified as regressed (8 were diagnosed as having autism and 3 were diagnosed
as having pervasive developmental disorder-not otherwise specified), and 17 had early-onset
ASD.

Occipitofrontal Cortex Head Circumference and Body Length

Occipitofrontal circumference and body length were abstracted from medical records for each
child. We attempted to reduce potential errors by dropping measurements that were clearly
inaccurate or were grossly inconsistent with previous measurements; only 2 of 197
measurements were dropped. To compare the occipitofrontal circumference growth rates for
children measured at varying ages from birth to 3 years of age, occipitofrontal circumference
and height were transformed to z scores using the 2000 Centers for Disease Control and
Prevention growth charts normative data for sex- and age-matched children,38 developed by
the National Center for Health Statistics.

Occipitofrontal Circumference and Height

To determine whether occipitofrontal circumference was correlated with the overall body
growth of the child, the relation between height and occipitofrontal circumference was
examined. To adequately compare the ASD group and the developmental delay group, we
pooled measurements in increments of age, resulting in the following 7 bins from birth to age
3years: bin 1 (birth to age 0.99 months), bin 2 (age 1-3.99 months), bin 3 (age 4-6.99 months),
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bin 4 (age 7-9.99 months), bin 5 (age 10-12.99 months), bin 6 (age 13-21.99 months), and
bin 7 (age 22-36 months). In the event that a child had 2 or more observations in the bin for a
given period, the measurements were averaged such that each child contributed no more than
1 value per bin in time.

Macrocephalus and Microcephalus

Macrocephalus was diagnosed when the occipitofrontal circumference z score was greater than
1.88. Microcephalus was considered to be present in any child whose occipitofrontal
circumference after age 16 months was more than 2 SDs below the Centers for Disease Control
and Prevention normative values.

Comparison From Birth to Median Age of 10 Months

Results

Participants for whom birth occipitofrontal circumference records (within the age range of 0—
0.99 months) were valid and who had a valid occipitofrontal circumference measurement

between age 6 to 14 months were selected for an analysis in which we replicated methods used
by Courchesne et al.1> One value for each participant was chosen from each of the 2 bins, the
value closest to birth and the value closest to age 10 months (median, 6-14 months age bin).

All data are presented as occipitofrontal circumference z scores.

Occipitofrontal Circumference and Height

For the ASD group, there were 195 occipitofrontal circumference data points for 28 boys. The
mean + SD occipitofrontal circumference z score across all samples was 0.52 + 1.10, and the
mean + SD height was 0.53 £ 1.20. For the developmental delay group, there were 61
occipitofrontal circumference data points for 8 boys. The mean + SD occipitofrontal
circumference was —0.75 £ 1.10, and the mean + SD height was —0.65 + 1.60.

Seven bins from birth to age 3 years were used to compare the ASD and developmental delay
groups with the normative Centers for Disease Control and Prevention values. To control for
multiple comparisons, Bonferroni adjustments were applied to each set of 7 age-based
occipitofrontal circumference scores. Therefore, the threshold for statistical significance
became P =.007. Occipitofrontal circumference z scores in the ASD group did not differ from
the normative value of zero in 3 bins from birth to age 6.99 months (t < 1.84, statistically
nonsignificant). However, by age 7 to 9.99 months, the ASD group had a mean occipitofrontal
circumference that was statistically significantly larger than the norms (t = 4.80, P <.001) and
remained larger from age 13 through 36 months (t > 3.74, P 6 .007). Because of somewhat
larger variance, the scores from age 10 to 12.99 months did not achieve statistical significance
but were of similar magnitude to the other elevated age bins. As summarized in Table 1, boys
with ASD demonstrated a mean z-score increase in occipitofrontal circumference of 0.81
between age 4 to 6.99 months and age 7 to 9.99 months. The differences in the mean
occipitofrontal circumference as a function of age are shown in Figure 1.

Compared with normal values for height, the ASD group, on average, was statistically
significantly longer or taller than the norms only during the first month of life (bin from birth
to age 0.99 months, t=4.67, P <.007) but not from age 1 to 36 months (t <2.92, not statistically
significant). During the window of greatest increase in occipitofrontal circumference in the
ASD group (from age 4-6.99 months to age 7-9.99 months), the mean z score for height
decreased by —0.10.
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Compared with the normal values, occipitofrontal circumference for the developmental delay
group was statistically significantly smaller at age 1 to 6.99 months (2 bins, t <-4.24, P <.
005) but not at birth to age 0.99 months or from age 7 to 36 months (t range, —1.86 to 0.45;
not statistically significant). The developmental delay group showed an increase in
occipitofrontal circumference z score during the period from age 4 to 6.99 months to age 7 to
9.99 months of 0.74 and a height change of —1.41 (Figure 1).

Nonparametric (2-tailed Mann-Whitney) tests were used to compare the ASD group vs the
developmental delay group and the autism group vs the pervasive developmental disorder-not
otherwise specified group. The ASD group had statistically significantly greater occipitofrontal
circumference values than the developmental delay group at 2 bins from age 1 to 6.99 months
(z score, >2.98) and statistically significantly greater height at age 1 to 3.99 months (z score,
2.79). There were no statistically significant differences between the autism and pervasive
developmental disorder-not otherwise specified groups at any of the age bins (Figure 2).

Macrocephalus and Microcephalus

In this study, 6 of 28 boys with ASD (21.4%) met the criteria for macrocephalus (z score, >1.88)
sometime between birth and age 36 months. Of these 6 children, 5 had early onset of ASD
symptoms, and 4 met criteria for autism strictly defined. Although a greater proportion of
children with macrocephalus were classified as having early onset of ASD symptoms (5 of 6
[83.3%]) compared with those with early onset without macrocephalus (12 of 22 [54.5%]), this
difference was not statistically significant (P = .36, Fisher exact test).

Microcephalus was considered to be present in any child whose occipitofrontal circumference
after age 16 months was less than 2 SDs below the Centers for Disease Control and Prevention
normative values. In this sample, 2 children met the criteria for microcephalus at 16 months
of age, both with a diagnosis of developmental delay.

Group Comparisons From Birth to Median Age of 10 Months

Twenty-four boys had a valid occipitofrontal circumference measurement between birth and
age 0.99 months and a valid measurement between 6 and 14 months of age. The values closest
to birth and closest to 10 months of age were retained for this comparison, such that each
participant contributed only 1 value for each of the 2 age bins. Among 24 boys in this analysis,
4 were diagnosed as having developmental delay, 10 were later diagnosed as having pervasive
developmental disorder-not otherwise specified, and 10 were diagnosed as having autism.

Table 2 gives the individual values in occipitofrontal circumference for the participants with
autism and with pervasive developmental disorder-not otherwise specified and the change in
occipitofrontal circumference values from birth to approximately age 10 months. The mean +
SE occipitofrontal circumference at birth was 0.052 + 0.360 for the autism group, 0.02 £ 0.26
for the pervasive developmental disorder-not otherwise specified group, and —0.813 + 0.480
for the developmental delay group. Therefore, children diagnosed as having autism or
pervasive developmental disorder-not otherwise specified did not differ from the Centers for
Disease Control and Prevention norms at birth. However, at 10 months of age, children later
diagnosed as having ASD had statistically significantly larger occipitofrontal circumference
values than the Centers for Disease Control and Prevention norms and were statistically
significantly larger than the children with developmental delay in occipitofrontal
circumference, height, and weight (P <.01 for all). The mean + SE occipitofrontal
circumference values were 0.80 £ 0.40 for autism, 0.92 + 0.36 for pervasive developmental
disorder-not otherwise specified, and —1.58 + 0.34 for developmental delay. The autism and
pervasive developmental disorder-not otherwise specified groups did not differ from each other
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on the 3 growth measures of head circumference, height, or weight at birth or at 10 months of
age.

Regression vs Early Onset of ASD

Regression was assessed via parent report of a history of loss of skills (regression) on the
Autism Diagnostic Interview-Revised. Of 28 boys with ASD, 11 were classified as regressed
(of whom 8 were diagnosed as having autism and 3 as having pervasive developmental
disorder-not otherwise specified). No statistically significant differences were found at any of
the 7 age bins between the boys with ASD who had early onset of symptoms and those who
had regression. Children with early onset and those with developmental regression
demonstrated an increase of approximately 0.80 in the mean occipitofrontal circumference
between age 4 to 6.99 months and age 7 to 9.99 months.

Discussion

This study examined changes in head circumferences within a narrow time window (birth to
age 36 months) in boys diagnosed as having ASD vs developmental delay. Furthermore, we
examined whether early growth of head circumference was different for children with autism
vs pervasive developmental disorder-not otherwise specified and for children with ASD with
and without a history of autistic regression. Consistent with data previously reported by
Courchesne and colleagues,® we found that the period of early overgrowth in occipitofrontal
circumference in children with ASD occurred within the second half of the first year of life.
Specifically, our analyses narrow this period to between 6 and 9 months of age.

In contrast to results from some previous findings,1° the occipitofrontal circumference for
children with ASD in the present study did not differ from the Centers for Disease Control and
Prevention norms at birth. The birth occipitofrontal circumference in the children with ASD
ranged from —1.81 to 1.98, suggesting that there was extensive variability in birth
occipitofrontal circumference, despite mean differences that did not differ from the Centers
for Disease Control and Prevention norms. As seen in Figure 1, children with ASD showed
occipitofrontal circumference values that were statistically significantly greater than the
Centers for Disease Control and Prevention norms after 6 months of age through age 36 months
(also see Sparks et al'2). When examining the growth patterns using a z score of +0.68 to
represent a change of £1 SD, we found that 11 of 20 children with ASD (in Table 2)
demonstrated accelerated growth between birth and age 10 months, whereas only 1 of 20
children showed decelerated growth.

The pattern of accelerated occipitofrontal circumference growth did not differ for children with
autism compared with those with pervasive developmental disorder-not otherwise specified.
Furthermore, there was no difference in pattern of occipitofrontal circumference for children
with early onset of autism vs those with a reported history of autistic regression. Both groups
show early acceleration of occipitofrontal circumference growth. Werner and Dawson3? found
that children with ASD with a history of regression used complex babble and words statistically
significantly more than infants with early onset of ASD at 12 months of age; by 24 months of
age, both groups with ASD performed worse than typical children on word use, vocalizations,
pointing, social gaze, and orienting to name. Although the study by Werner and Dawson
supports parental reports of behavioral regression in ASD, acceleration in occipitofrontal
circumference growth may represent an early neurobiological sign that precedes onset of
autistic regression, similar to findings of early regulatory difficulties in such children.*® More
detailed work examining function between 6 and 12 months of age will be needed to understand
the relation between occipitofrontal circumference growth and the onset of symptom
expression.
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Compared with the boys with ASD, boys with developmental delay had significantly smaller
occipitofrontal circumference than the ASD group (compared with Centers for Disease Control
and Prevention norms) at birth but also showed accelerated growth (compared with norms)
during the first year of life. Given the small sample size in the developmental delay group, it
is difficult to interpret the statistically significant rise in occipitofrontal circumference from
age 4 to 6.99 months to age 7 to 9.99 months, especially because the number of participants
with developmental delay included at each age point was not the same. A possibility is that
subtle differences in prenatal history, which are known to result in different growth trajectories
during the first year of life, affected the sample. For example, infants of primiparous
pregnancies are smaller, lighter, and shorter at birth but catch up to infants of second or third
pregnancies by 12 months of age.*! Moreover, it is important to note that the small numbers
of boys with developmental delay who had occipitofrontal circumference data at birth and
between 10 and 14 months of age actually showed a relative decrease in the rate of
occipitofrontal circumference growth.

Similar to other studies,14:16:21,23,27=33 anproximately 21% of our sample demonstrated
macrocephalus between birth and 36 months of age. Although the prevalence of macrocephalus
during later childhood in ASD surpasses that in the typical population, findings from
studies'®20 suggest that macrocephalus is not characteristic of the infant period in children
who later go on to develop ASD. Similarly, in our study 11 of 20 children demonstrated an
increase of 1 SD from birth to age 10 months; of those 11, only 4 had macrocephalus by age
6 to 14 months. Of note, 4 of 11 children with accelerated growth had an occipitofrontal
circumference at birth that was 1 SD below the Centers for Disease Control and Prevention
norms.

What are the implications of these findings? Courchesne and Pierce*2 proposed that a period
of early abnormally accelerated rate of brain growth is followed by an abnormally reduced rate
of brain growth by adolescence and that systems with protracted development are the most
affected by this growth abnormality (eg, frontal cortex). Additional work is needed to
characterize this later deceleration in growth as reflecting an early onset of normative
deceleration or an aberrant process that results in failure of continual development. Regardless,
these 2 processes, overgrowth and deceleration, occur during periods of rapid brain growth
(late infancy and adolescence) and are associated with the onset and potential worsening,
respectively, of ASD symptoms.

The use of the rate of occipitofrontal circumference growth as a risk factor for ASD poses
important questions for the field. How specific is early accelerated head growth to ASD? In
the Fels Longitudinal Study sample, 6% of healthy infants show statistically significant
occipitofrontal circumference increases during the first year (as cited by Courchesne et al'®).
Also, for Rett syndrome, a decreasing rate of head growth is used as an essential diagnostic
symptom for the disorder. In Rett syndrome, children have normal head circumference at birth,
followed by a slowing of the rate of growth; this period of slowing can begin between age 3
months and age 4 years. There are several other syndromes (eg, Weaver syndrome and Soto
syndrome) that are marked by rapid excessive growth and macrocephalus. These cases are rare
compared with the current prevalence rates for ASD and often are associated with additional
malformations that help to provide differential diagnosis. Commonalities across disorders in
head growth patterns may suggest specific or common genetic pathways. In addition, modeling
of accelerated head growth in animals may help to further our understanding of the
neurobiological and genetic underpinnings of the disorder.

This study further adds to the growing body of evidence that children with ASD do not have
abnormal occipitofrontal circumference values at birth but exhibit a rapid early acceleration
of occipitofrontal circumference growth. We find that this period begins during the second half
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of the first year of life, between 6 and 9 months of age, and does not seem to be different for
children with autism vs pervasive developmental disorder-not otherwise specified or for those
with or without an early history of autism regression. Future work with larger samples is needed
to further define and understand the clinical significance of early growth in head circumference
in ASD and other development disorders.
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ASD and DD
Head Circumference

Figure 1.
z-Score means and standard errors of the means for occipitofrontal circumference and height
for children with ASD vs developmental delay.
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Figure 2.
z-Score means and standard errors of the means for occipitofrontal circumference and height
for children with autism vs pervasive developmental disorder-not otherwise specified.
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Occipitofrontal Circumference z Scores at Birth and at a Median Age of 10 Months for 10 Boys With Autism

and 10 Boys With Pervasive Developmental Disorder-Not Otherwise Specified (PDD)

Birth

Approximately Age 10 m

Change in z Score

Diagnosis at Age 3y

-1.81
—-1.56
-1.31
—0.89

—0.66
—0.46

-0.27
-0.17
-0.11

0.21
0.21

0.21
0.38
0.38
0.57
0.57
1.16
117
1.30
1.98

-1.12
1.15
-0.11
1.39

-0.79
-2.12

0.19
0.11
0.88

0.68
1.46

2.06

1.49
117
2.31
2.13
1.63
1.55
1.93

0.682
2.718
1.202

2.288
-0.12

-1.662
0.45
0.28

0.992
0.47

1.252
1.852
0.792

1.1128
0.59

1.748
0.972
0.46
0.26

-0.05

PDD

Autism
Autism
Autism

PDD

Autism

PDD
Autism
PDD

Autism
PDD

PDD
PDD
PDD
Autism
PDD
Autism
Autism
PDD

Autism

aChange of +0.68, representing 1 SD.
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