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ARTICLE  IN  PRESS
ate of Head Growth Decelerates and Symptoms
orsen in the Second Year of Life in Autism

eraldine Dawson, Jeff Munson, Sara Jane Webb, Theresa Nalty, Robert Abbott, and Karen Toth

ackground: Longitudinal studies of head circumference growth in infants later diagnosed with autism are needed to understand
he accelerated head growth in this disorder.

ethods: We analyzed longitudinal head circumference data from birth to 3 years in 28 children later diagnosed with autism
pectrum disorder on the basis of individual growth curve analyses using hierarchical linear models.
esults: Head circumference Z scores relative to norms significantly increased in the autism sample from birth to 12 months, but this
attern did not persist beyond 12 months. Rather, the rate of change in head circumference from 12 to 36 months was not different
rom the normative sample.
onclusions: These results suggest that a period of exceptionally rapid head growth occurs during the first year of life in autism; after
2 months of age, the rate of head circumference growth decelerates relative to the rate during the first year of life. Studies of behavioral
evelopment in infants later diagnosed with autism suggest that the period of acceleration of head growth precedes and overlaps with

he onset of behavioral symptoms, and the period of deceleration coincides with a period of worsening of symptoms in the second year
f life.
ey Words: Autism, head circumference, hierarchical linear models,
nfants, longitudinal

here is great interest in understanding the earliest mani-
festations of autism. To date, most accounts of early
development in autism have relied on retrospective anal-

sis of home videotapes of infants later diagnosed with autism.
ecently, a few prospective accounts of the emergence of autism
ymptoms during infancy have appeared. One goal of such
esearch is to identify young infants at risk for autism so that very
arly intervention might prevent, or at least ameliorate, the
evelopment of autism symptoms.

Studies of young infants at risk for autism, researchers have
xamined several autism symptoms known to be present by
arly preschool age in children with autism. Many of these
ymptoms pertain to behavioral skills present in typically devel-
ping infants during the first 2 years of life. A number of
ehavioral symptoms reliably distinguish preschool-age children
ith autism from those with developmental delay. These include

mpairments in social orienting, joint attention, imitation, re-
ponses to emotional displays of others, symbolic play, and
anguage (e.g., Charman and Baron-Cohen 1997; Charman et al
998; Dawson et al 1998a 1998b; Mundy et al 1986; Stone et al
997, 1999). Relatively few controlled studies, however, have
xamined how children with autism below age 3 differ from
hildren with related disabilities. Charman et al (1998) found that
0-month-olds with autism were more impaired in joint attention,
esponses to another’s distress, pretend play, and imitation,
ompared with those with language delay. Other studies found
hat 24-month-olds with autism performed fewer joint attention
estures, including pointing and showing, and had more im-
aired language and imitation skills than typically developing
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and language-impaired children (Lord and Paul 1997; Stone et al
1997).

Retrospective studies of home videotapes have allowed in-
vestigators to observe the early social, language, motor, and play
behaviors of infants who later receive a diagnosis of autism and
to examine developmental differences between infants later
diagnosed with autism and typically developing infants (Mars
et al 1998; Osterling and Dawson 1994) and infants later diag-
nosed with mental retardation (Baranek 1999; Osterling, Daw-
son, Munson 2002). In one such study, Osterling and Dawson
(1994) examined videotapes of first birthday parties and demon-
strated that 1-year-olds later diagnosed with autism could be
distinguished from 1-year-old typically developing infants.
How often a child looked at the face of another person
(“gaze”) correctly classified the greatest number of children
(77%). When gaze was combined with the behaviors of
showing, pointing, and orienting to name (i.e., social orient-
ing), 91% of the infants with typical development and autism
were correctly classified. These results were replicated by
Mars et al (1998) who used blind scoring to evaluate home
videotapes of first birthday parties of 25 infants later diag-
nosed with autism and 25 typically developing infants. Again,
the variable “looks at faces” was found to be a powerful
discriminator between the two groups, as well as joint atten-
tion (e.g., pointing) behaviors.

A subsequent home videotape study compared 1-year-olds
later diagnosed with an autism spectrum disorder (ASD) with
1-year-olds later diagnosed with mental retardation and 1-year-
olds with typical development. This study showed that 1-year-
olds with ASD could be distinguished not only from typical
1-year-olds, but also from 1-year-olds with mental retardation
(Osterling et al 2002). This is important because of the high
comorbidity of autism and mental retardation. In this study, the
infants with ASD were less likely to look at others and to orient
to their names than infants with mental retardation. Joint atten-
tion behaviors, however, did not distinguish between ASD and
developmental delay at 1 year of age, suggesting that other
behaviors related to attending to people and other’s speech
might be important in distinguishing ASD from developmental
delay at very young ages. In yet another home videotape study,
a failure to orient to name was the best discriminator between

8- and 10-month-olds with ASD versus typical development
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Werner et al 2000). In addition, some infants failed to display
ommunicative babbling. Werner and Dawson (2005) used
ome videotapes of infants later diagnosed with autism to
alidate the phenomenon of autistic regression in the second
ear of life. One-year-old infants whose parents reported early
nset of autism symptoms (i.e., symptoms evident in the first 12
onths of life) displayed fewer joint attention and complex
abbling and words at 12 months compared with infants with
utistic regression.

A few prospective studies of infants later diagnosed with
utism have now been published. Dawson and colleagues (2000)
ublished the first case study of a 1-year-old infant with autism.
ecause of early feeding difficulties, this infant was evaluated
nd closely monitored by a neurologist and occupational thera-
ist from birth, allowing a fairly detailed accounting of his early
evelopment. Dawson and colleagues noted that, except for
eeding difficulties associated with oral motor problems in the
irst few months of life, autism symptoms were not apparent until
fter 6 months, when the infant became less socially responsive.
y 13 months, many symptoms were apparent, however, includ-

ng language delay, social aloofness, and stereotyped motor
ehaviors. Klin and colleagues (2004) later reported a case study
f an infant from 12 to 20 months of age, noting delays in
anguage and joint attention at 12–14 months, and, by 15 months
f age, impaired toy exploration and a restricted range of
nterests. Two larger studies of infants at risk for autism have
een conducted. Zwaigenbaum et al (2005) studied 65 infants
rom aged 6 to 36 months who were at genetic risk for autism by
irtue of having an older sibling with autism. By 12 months,
iblings who were later diagnosed with autism showed poor eye
ontact and visual tracking, difficulty disengaging attention, and
mpairments in social orienting, imitation, and social smiling and
nterest. Other characteristics noted included passivity followed
y distress reactions at 6 months, fixation on particular objects,
ecreased expression of positive affect, and delayed language
nset. In the second study of 87 infants at genetic risk for autism,
anda and Garrett-Mayer (2006) reported no symptoms at 6
onths of age, but by 14 months they observed delays in

anguage and motor development. In summary, it appears that
ymptoms of autism are not readily apparent by 6 months of age;
owever, by 8–12 months, several behavioral symptoms associ-
ted with autism can be observed.

In contrast, few early biological markers of autism have yet
een identified. One such marker is an atypical pattern of growth
n head circumference characterized by small-to-normal head
ize at birth followed by an accelerated pattern of growth in head
ircumference that appears to begin at about 4 months
Courchesne and Pierce 2005; Gilberg and de Souza 2002;
edcay and Courchesne 2005). Courchesne and colleagues
2003) reported an increase in head circumference of 1.67 SD
etween birth and 6–14 months. In a meta-analysis using head
ircumference (converted to brain volume), brain volume mea-
ured from magnetic resonance imaging, and brain weight from
utopsy studies, Redcay and Courchesne (2005) found that brain
ize changes from 13% smaller than control subjects at birth to
0% greater than control subjects at 1 year, and only 2% greater
y adolescence. Sparks et al (2002) reported significantly larger
otal cerebral volume in 3- to 4-year-old children with autism
ompared with chronological- and mental-age-matched children
ith developmental delay and chronological-age-matched chil-
ren with typical development. It is interesting to note that the

iming of the onset of accelerated head growth between 4 and 12

ww.sobp.org/journal
months slightly precedes, then overlaps with the onset of behavioral
symptoms.

The purpose of this report is twofold: first, we report longi-
tudinal data on head circumference taken in the first 3 years of
life from a group of children later diagnosed with ASD with the
goal of examining the longitudinal patterns of head circumfer-
ence growth during the first years of life in autism. Previous
reports primarily have relied on cross-sectional data. We report
evidence indicating that there exists a period of accelerated head
growth during the first year, followed by a slowing in rate of
head circumference growth at about 12 months in autism such
that the rate of head circumference growth in the second year is
not significantly different from the normal population rate of
growth at that age. Second, we review the available studies
examining early behavioral development in infants with autism
and suggest that the period of accelerated head growth precedes
and then overlaps with the onset of symptoms, whereas the
period of deceleration coincides with the period of behavioral
decline or worsening of symptoms in children with autism.

Methods and Materials

Participants
Participants were 28 male children with ASD (17 children with

autistic disorder and 11 children with pervasive developmental
disorder, not otherwise specified [PDD-NOS]) who were admin-
istered a diagnostic evaluation at age 3–4 years (M age � 42.7
months, SD � 4.1, range 37–52 months) as part of their partici-
pation in a National Institute of Child Health and Human
Development–funded longitudinal study. The mean Mullen
Composite Standard Score for the sample was 61.5 (SD � 17.8,
range 49–106). Ethnicity was as follows: 23 whites, 1 Japanese,
and 3 more than one race. Mother’s education was as follows: 1
with some high school, 3 high school graduates, 6 with some
college, 12 with college degrees, and 6 with graduate degrees.
Participants were recruited from local parent advocacy groups,
public schools, the Department of Developmental Disabilities,
clinics, hospitals, and the University of Washington Infant and
Child Subject Pool. Exclusionary criteria included presence of a
known genetic etiology, significant sensory or motor impair-
ment, premature birth or serious birth complications, head
trauma, acute neurological disease, or a combination of these.
This study was approved by the University of Washington
institutional review board, and appropriate informed consent
was obtained from all participants.

Diagnosis was based on the Autism Diagnostic Interview—
Revised (ADI-R; Lord et al 1994), the Autism Diagnostic Obser-
vation Schedule—Generic (ADOS-G; Lord et al 2000), and clin-
ical judgment of diagnosis based on presence or absence of
autism symptoms as defined in the fourth edition of the DSM–IV
(American Psychiatric Association 1994). Diagnosis of autism was
defined as meeting criteria for Autistic Disorder on the ADOS-G
and ADI-R and meeting DSM-IV criteria for autistic disorder
based on clinical judgment. In addition, if a child received a
diagnosis of autistic disorder on the ADOS-G and based on
DSM-IV clinical diagnosis, and came within 2 points of meeting
criteria on the ADI-R, the child was also considered to have
autistic disorder. Diagnosis of pervasive developmental disorder
(PDD-NOS or PDD) was defined as meeting criteria for PDD on
the ADOS-G, meeting criteria for autistic disorder on the ADI-R
or missing criteria on the ADI-R by 2 or fewer points, and

meeting DSM-IV criteria for PDD based on clinical judgment.
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ead Circumference Data
Head circumference data were derived from medical records

f occipital–frontal circumference (OFC) measures between birth
nd 3 years. These are considered a good measure of brain
olume in children aged less than 7 years (Bartholomeusz et al
002). Only participants for whom at least three valid head
ircumference measurements were obtained from birth through
6 months were included in the analysis. The mean number of
FC measurements per participant was 7.0. The number of
articipants with OFC measurements available at each of the
ollowing age ranges was similar: birth–5 months, 26 subjects;

igure 2. Occipital–frontal (OFC) Z score measure-
ents (N � 195) with mean estimated growth tra-

ectory for 28 children with autism spectrum disor-
er (hierarchical linear model two-piece linear
odel centered at 12 months).
6–11 months, 25 subjects; 12–17 months, 24 subjects, and 18–24
months, 20 subjects.

Height and Weight Data
The body length and weight of each individual (taken at the

same time the head circumference measures were recorded)
were collected to determine whether significant differences from
averages of age-matched healthy individuals from the National
Center for Health Statistics/Center of Disease Control Normative
(CDC) values existed. Analyses of the head circumference
growth were performed after partitioning out the influence of

Figure 1. Occipital–frontal (OFC) measurements
(N � 195) for 28 children with autism spectrum dis-
order from birth to 36 months of age.
www.sobp.org/journal
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ndividual height measurements, after converting to Z scores
ased on the normative values of typically developing age- and
ender-matched children.

esults

OFC scores obtained from medical records are shown in Figure
. To compare the growth rates for children measured at varying
oints in time from birth to 3 years, the metric data for head
ircumference, height, and weight were transformed to Z scores
sing the Centers for Disease Control (2002) Growth Charts norma-
ive data for gender- and age-matched children, developed by the
ational Center for Health Statistics. If an individual child’s rate of
hange in OFC Z scores is positive (Z scores are increasing over
ime), this indicates growth in head circumference that exceeds the
ypical rate of growth as represented in the CDC norms tables.
imilarly, a negative rate of change in OFC Z scores reflects head
rowth that is slower than that seen in the normative sample. The
FC Z scores are shown in Figure 2.
To address the question of whether rate of growth in head

ircumference changes over the first 3 years of life in children
ith autism, individual growth curve analyses using hierarchical

inear models (HLM; Bryk and Raudenbush 1992) were con-
ucted. The advantage of these methods is that individual growth
s explicitly modeled for each child, and thus the question of
hether the head circumference growth rate changes during this
eriod can be directly tested. In this study, individual growth in
ead circumference was modeled with a two-piece linear model
n which all OFC Z scores were modeled using three parameters:
ne that represents the linear rate or change (slope) across the
ntire period, a second that measures the change in slope at a
redefined inflection point, and a third that represents the
stimated level of the child’s head circumference at the inflection
oint. In the first analysis, the inflection point was set at 12
onths of age allowing this model to estimate change rates for
FC measurements before 12 months and those that occur at or
fter 12 months.

As seen in Table 1, the estimated OFC Z score at 12 months is
ignificantly greater than zero (coefficient [coeff.] � .919, p �
001). This reflects the fact that children in this sample had head
ircumference measurements at 12 months that were nearly 1 SD
arger than the national CDC norms (OFC Z score � .919,
quivalent to the 82nd percentile). In comparison, at birth the
ample as a whole had an estimated OFC Z score of .007, which
oes not significantly differ from the national average of zero.
hen the OFC Z scores for children taken at birth to 2 weeks of

ge is examined separately, the sample average is nearly identi-
al to that estimated from the HLM growth curve results (mean
FC Z score � .003, SE � .209, n � 21). As seen in Table 1, the

ate of change in OFC Z scores significantly increases across the

able 1. Hierarchical Linear Model Growth Trajectory Model of OFC
ent model (Raudenbush & Bryk, 2002, p. 178).

ww.sobp.org/journal
first year of life at a rate of .076 Z scores per month. In
comparison, the rate of change (slope) in OFC Z scores from 12
to 36 months decreases (coeff. � �.083, p � .001). The value of
�.083 reflects a decrement in the rate of change. During this
period, OFC Z scores are decreasing at an average rate of .007
Z score units per month (.076�.083 � �.007). Coding the
two-piece model in a manner to test explicitly whether the slope
between 12 and 36 significantly differs from zero, results showed
that it does not [coeff. � �.007, SE � .008, t (27) � �.84, p �
.409]. In summary, the OFC Z scores for the sample significantly
increased from birth to 12 months, but this pattern did not persist
beyond 12 months. Rather, the rate of change in head circum-
ference from 12 to 36 months was not different from the
normative sample.

Next, length/height was added as a time-varying covariate to
the model. As shown in Table 2, results indicated that even after
correcting for measurements of the child’s stature, head circum-
ference measurements were increased at 12 months. Further-
more, increases at a rate of .09 Z scores per month from birth to
age 12 months remain, and the rate of change drops to near zero
after 12 months. Length/height is significantly related to head
circumference; children who are longer/taller tend to have larger
heads. The greater growth rate of head circumference in the first
year, however, and its return to normal rates thereafter is not
accounted for by an overall growth in stature.

We next conducted a similar set of analyses, using 6 months
as the inflection point to assess whether the return to normative
rates of growth had occurred by this point in time. As shown in
Table 3, the rate of change in OFC Z scores during the period
from 6 to 36 months was significantly greater than zero [coeff. �
.012, SE � .006, t (27) � 2.14, p � .041]. Thus, including the 6- to
12-month observations in the second piece of the model served
to increase the estimated growth rate. This suggests that the
increased head circumference growth rate does indeed persist
into the second half of the first year of life.

Table 3. Hierarchical Linear Model Growth Trajectory Model of OFC

Table 2. Hierarchical Linear Model Growth Trajectory Model of OFC
Z Scores Controlling for Length/Height

Growth Parameter Coefficient SE t(df ) p

OFC Z Score (12 mo) .813 .208 3.91 (27) .001
Length/Height

Z Score Covariate .365 .061 5.97 (27) �.001
Slope (Birth to 12 mo) .090 .015 6.01 (27) �.001
Change in Slope (12 moa) �.096 .022 �4.30 (27) �.001

mo, month; OFC, occipital–frontal circumference.
aThe change in slope parameter was coded using an increment– decre-

ment model (Raudenbush & Bryk, 2002, p. 178).
Scores with Inflection at 12 Months

rowth Parameter Coefficient SE t(df ) p

FC Z Score (12 mo) .919 .225 4.08 (27) �.001
lope (Birth–12 mo) .076 .015 5.07 (27) �.001
lope (12–36 mo) �.007 .008 �.84 (27) .409
hange in Slope (12 moa) �.083 .021 �4.03 (27) .001

mo, months; OFC, occipital–frontal circumference.
aThe change in slope parameter was coded using an increment– decre-
Z Scores with Inflection at 6 Months

Growth Parameter Coefficient SE t(df ) p

OFC Z score (6 mo) .641 .198 3.23 (27) .004
Slope (Birth to 6 mo) .119 .030 3.99 (27) .001
Slope (6–36 mo) .012 .006 2.14 (27) .041
Change in Slope (6 moa) �.107 .033 �3.28 (27) .003

mo, months; OFC, occipital–frontal circumference.
aThe change in slope parameter was coded using an increment– decre-
ment model (Raudenbush & Bryk, 2002, p. 178).
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able 4. Studies Documenting Loss or Decline in Skills in Infants with Autism During Second Year of Life

uthor Year
Ages

Studied Skill Domain Measures Method

Age at Which
Loss/Decline

Noted

Skill Area in Which
Loss/Decline Was

Observed

awson et al 2000 1 mo Oral–motor OT evaluation Record review
2.5 mo Sensorimotor

Self-regulation
Pediatric neurology

evaluation
Record review

4 mo Motor
Self-regulation

OT evaluation Record review

9 mo Oral–motor
Sensorimotor
Self-regulation
Sensory response
Social responsiveness

Pediatric neurology
evaluation

Record review

11–13 mo Cognitive
Motor

Bayley Scales
OT evaluation

Direct observation
Record review

13–15 mo Diagnostic
Cognitive
Speech and language
Visual–spatial
Social– communicative
Motor imitation
Object permanence
Neuropsychological

ADI-R
Bayley Scales
Preschool Language Scale
MacArthur CDI
Speech perception
Free play
Social orienting
Joint attention
Imitation battery
Visual paired comparison
Delayed response task

Direct observation
Parent report

24 mo Diagnostic
Cognitive

ADOS
Mullen Scales of Early

Learning

Direct observation 12–24 mo Social responsiveness
Cognitive ability

lin et al 2004 12 mo Language
Social interaction

Parent report Parent report

15 mo Diagnostic
Cognitive
Speech and language
Adaptive behavior

ADOS/ADI
Mullen Scales of Early

Learning
MacArthur CDI
CSBS-DP
Vineland Adaptive

Behavior Scales

Direct observation

17, 20 mo Head circumference
Weight, length

Record review

23 mo Diagnostic
Cognitive
Adaptive behavior

ADOS
Mullen Scales of Early

Learning
Vineland Adaptive

Behavior Scales

Direct observation
Parent report

34 mo Diagnostic
Cognitive
Adaptive behavior

ADOS
Mullen Scales of Early

Learning
Vineland Adaptive

Behavior Scales

Direct observation
Parent report

12–34 mo Words
Social (showing,

requesting)
Exploration of novel

toys
Attention
Response to change
Range of interests

erner and
Dawson

2005 12, 24 mo Simple/complex babble
Words and phrases
Joint attention
Gaze (to people/objects)
Orienting to name
Repetitive behavior
Affect

Behavioral coding Videotape analysis 12–24 mos Complex babble/
words

Declarative pointing
Social gaze
Orienting to name
Toy play

www.sobp.org/journal
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iscussion

In this study, we examined head circumference growth
ongitudinally in 28 children with autism spectrum disorder from
irth through 36 months of age. Whereas children with ASD, on
verage, did not have significantly larger head circumference at
irth, by 1 year of age head circumference was nearly 1 SD larger
han the national CDC norms. This unusual and rapid increase in
ead growth from birth to 12 months was reflected in a signifi-
ant difference in slope in OFC Z scores during this period. In
omparison, although children’s head circumference was larger
han normal by 12 months, the rate of growth in head circum-
erence after 12 months was not significantly different from the
ormative sample. Including length/height as a covariate did not
lter these findings. In other words, these longitudinal data
uggest that rate of head circumference growth decelerates in
nfants with autism after 12 months of age relative to the rate
rom birth to 12 months and that the early period of exceptionally
apid head growth is restricted to the first year of life.

As discussed in the introduction, several studies now suggest
hat behavioral symptoms of autism first become readily appar-
nt at about 8–12 months of age (Dawson et al 2000; Klin et al
004; Zwaigenbaum et al 2005). Thus, the period of accelerated
ead growth appears to precede and then overlap with the onset
f autism behavioral symptoms. Interestingly, and perhaps coin-
identally, the period after 12 months, during which deceleration
f rate of head growth was detected, appears to be associated
ith a slowing in acquisition or actual loss of skills in infants with
utism. The first evidence supporting this idea came from a case
tudy reported by Dawson et al (2000) of an infant who met
riteria for autism at 13 months. It was noted in that report that
standardized testing suggested a slight cognitive decline (rela-
ive to chronological age) between 1 and 2 years. Whereas at 1
ear, [the infant with autism] achieved a developmental index of
2 (twelfth percentile rank), at 2 years of age, he achieved a
omposite score of 63, which placed him at the first percentile in
erms of overall cognitive ability” (Dawson et al 2000, p. 308).
he second piece of evidence came from findings derived from
subsample of the children who were part of the head circum-

erence study reported here (Werner and Dawson 2005). In this
tudy, home videotapes of children’s first- and second-year
irthday parties were collected on young children with ASD with
nd without a reported history of regression as well as typically
eveloping children. Observations of infants’ communicative,
ocial, affective, and repetitive behaviors and their toy play were

able 4. (continued)

uthor Year
Ages

Studied Skill Domain

anda and
Garrett-Mayer

2006 6, 14 mo Cognitive Mullen
Lear

24 mos Diagnostic
Cognitive
Language
Social communication
Joint attention
Adaptive behavior

ADOS
Mullen

Lear
Presch

Scho
CSBS
Vinela

Beh
Vinela
oded from videotapes of the first and second birthday parties.

ww.sobp.org/journal
Infants with ASD whose parents reported a history of regression
were indistinguishable from typical infants at 12 months; they
showed normal levels of joint attention and communication skills
at this age. In contrast, infants with ASD whose parents reported
early onset of symptoms displayed fewer joint attention and
communicative behaviors at 12 months. By 24 months, both
groups of toddlers with ASD displayed fewer instances of word
use, vocalizations, declarative pointing, social gaze, and orient-
ing to name, compared with typically developing 24-month-olds.
Interestingly, however, both early onset and regressed infants
with ASD showed a significant decrease in their use of social
gaze between 12 and 24 months, and the decrease was of
approximately the same magnitude for each of the groups. Social
gaze worsened between ages 1 and 2 years for all the infants with
ASD, not only those with regression. The typical children in-
creased their use of complex babble and words dramatically
between 12 and 24 months, whereas both the early-onset and
regressed infants with ASD showed decline in use of vocaliza-
tions and complex babbling.

In Table 4, we review results of studies that have noted a
worsening in symptoms or developmental decline (or both) in
the second year of life. One of these studies (Dawson et al 2000)
reported on an infant’s development from birth. In this case
study, oral motor impairments were apparent in the first few
months, and mild impairments in social responsiveness were
evident by 9 months. By 13 months, the infant met criteria for
autism. These impairments and symptoms became more obvious
and were combined with a decline in cognitive skills, however,
between ages 13 and 24 months. Similarly, in a case study by Klin
and colleagues (2004), the infant’s parents and pediatrician
reported fairly normal development until shortly after age 12
months, at which time the infant stopped using words and
became less socially engaged. Between 15 and 34 months, this
infant demonstrated a continued decline in skills, most notably in
exploration of novel toys, attention, response to change, and
range of interests. Werner and Dawson (2005) reported a decline
in complex babble, pointing, social gaze, and orienting to name
as evidenced from home videotapes. Landa and Garrett-Mayer
(2006) reported a slowing and loss of fine and gross motor skills,
as well as receptive and expressive language skills, between 12
and 24 months.

In summary, in this report we offer evidence that, whereas,
the first year of life in autism is associated with rapid and atypical
increases in head growth, this pattern does not persist beyond

asures Method

Age at Which
Loss/Decline

Noted

Skill Area in Which
Loss/Decline Was

Observed

s of Early Direct observation

s of Early

nguage

aptive
Scale
EC

Direct observation
Parent report

14 –24 mo Both slowing and loss
of skills in fine/gross
motor, receptive,
and expressive
language domains
Me

Scale
ning

Scale
ning
ool La
ol

nd Ad
avior
the first year of life. Rather, rate of head growth decelerates in the
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econd year of life relative to the rate during the first year, such
hat it is no longer significantly different from the rate of
ormative growth. The second year of life in autism also appears
o be characterized by a slowing in acquisition of behavioral
kills, and in some domains, a loss of skills. We hypothesize that
his pattern is characteristic of a large proportion, if not the
ajority, of children with autism and is only accentuated in those
ith clear autistic regression. In other words, even those children
ho are clearly symptomatic at 12 months appear to show a

egression in the second year of life. This hypothesis will need to
e tested in prospective studies that assess both behavioral
evelopment and head growth during early life. If this hypoth-
sis is supported by future studies, we propose that the second
ear of life represents a period of particular vulnerability in
utism and that early rapid head growth precedes this period of
ehavioral decline and vulnerability. As early behavioral and
iological markers of risk for autism are identified, it will be
ossible to detect autism and provide intervention before this
eriod of decline. This offers the possibility of altering the early
ourse of autism with the hope of preventing or at least
meliorating the loss of skills during toddlerhood. (Gillberg and
e Souza, 2002, Lainhart et al 1997).
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