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The early life growth of head circumference, D
weight, and height in infants with autism
spectrum disorders: a systematic review
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Abstract

Backgrounds The Autism spectrum disorder (ASD) prevalence has increased significantly over the past two
decades. This review summarizes the current knowledge of the association between the early life growth of head
circumference (HC), weight, and height with ASD in infants.

Methods PubMed, Scopus, Science Direct, and Google Scholar databases were searched up to November 2021
using relevant keywords. All original articles are written in English evaluating the early life growth of HC, weight, and
height in infants with ASD were eligible for the present review.

Results Totally, 23 articles involving 4959 infants were included in this review. Of 13 studies that evaluated HC of
infants at birth, 10 studies (83.33%) showed that the HC at the birth of autistic children was similar to that of the
average found in the control group. Among 21 studies that evaluated the HC and weight status in infants, 19 studies
(90.47%) showed that autistic children had larger HC and weight than the control group or abnormal acceleration

of head growth during infancy. Height growth of infants was investigated in 13 studies, of which 10 cases (76.92%)
reported that infants with ASD were significantly longer than control groups. Most of he included studies had a good
quality.

Conclusions The findings suggest that in infants with ASD, without the contribution of birth growth factors and sex
of the child, the growth of HC, weight, and height probably was faster than in infants with normal development, in
early life. Therefore, these measurements might be useful as initial predictive biomarkers for the risk of developing
ASD.
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Introduction

Autism spectrum disorder (ASD) is a neurodevelopmen-
tal condition influencing one in 59 children in the world.
Along with behavior problems, ASD is accompanied with
sleep complications, seizures, gastrointestinal difficul-
ties, and mental health concerns that can intensely affect
the quality of life of children and their families [1]. Intel-
lectual disability or low verbal ability were also reported
in around one-third of children with ASD [1]. Timely
identification of developmental disorders is vital to the
well-being of children. American Academy of Pediat-
rics (AAP) suggests that developmental surveillance and
standardized screening tests be considered for ASD at 18
and 24 months of age, at every health supervision visit
[2].

The precise cause of ASD is mostly unknown [3].
According to evidence, multiple risk factors including
genetic, environmental, immunological, and perinatal
factors may contribute to the ASD pathogenesis [3-6].
On the other hand, both genetics and environmental
factors early in development have role in the etiology
of autism [7]. However, some of the evidence support-
ing a significant contribution of environmental factors
to autism risk [6]. Features of autism may be detected
in early childhood, but the diagnosis of autism is usually
not made until much later [5]. Recently, ASD detection
strategies focus on early risk markers and growth abnor-
malities during the early years of life have often been paid
attention, to in this direction [8-10].

Growth assessments and standard growth patterns
are the gold standard diagnostic tests by which clini-
cians evaluate the health and physical and emotional
well-being of a child. Height, weight, and head circum-
ference (HC) are the main components of anthropometry
for infants and toddlers less than two years of age [11].
Reliable sequential anthropometric assessments can help
recognize underlying medical, nutritional, or social prob-
lems in infants and children [12].

Poor growth during infancy or childhood may contrib-
ute to adverse health outcomes in adults [13, 14], hence
prevention of growth retardation at these periods of life
may have both short- and long-term health advantages
[15, 16]. On contrary, several observational investigations
have indicated that early life (under two years) accel-
erated or too fast growth may adversely contribute to
long-term health outcomes such as increasing the risk of
obesity and chronic diseases [17-19]. In preterm infants,
the growth acceleration may be beneficial for later neu-
rodevelopment [17], but it may affect contradictory in
healthy term infants. Recently, infancy growth acceler-
ated has become a major focus of research.

Increased body growth, including weight and height,
during infancy, has been suggested as a feature of ASD
by several studies [9, 20]. In addition, macrocephaly and
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abnormal acceleration in head growth during the early
stages of postnatal development have been proposed as
a discerning feature of ASD, by some other investigations
[21, 22]. However, the findings were inconsistent across
the studies and it is not yet definitively known whether
accelerated HC and body growth during infancy are
associated with ASD incidents. Moreover, most studies
have focused on the physical growth in older children
and adolescents with ASD. Best to our knowledge, there
is no comprehensive study to review systematically the
association between early life growth of HC, weight, and
height with ASD incidents in infants. Therefore, the pres-
ent study was performed to summarize the existing liter-
ature regarding the association between early life growth
of HC, weight, and height with ASD incidents in infants.

Methods

The protocol of this study was approved and regis-
tered by the Research Vice-Chancellor of Tabriz Uni-
versity of Medical Sciences (ethical code: IR”TBZMED.
REC.1400.1243).

Search strategy

This systematic review was conducted according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines (Supplementary
Table 1) [23]. Electronic databases of PubMed, Scien-
ceDirect, Scopus, and Google Scholar were searched
without date restrictions until November 2021, using
the following keywords: “weight OR height OR length
OR head circumference OR growth OR nutritional sta-
tus” AND “early life OR first year of life OR early growth”
AND “autism spectrum disorders OR ASD OR autism
OR autistic” AND “children OR infants OR infancy” We
defined the early life as the first 2 years of life. Moreover,
to ensure the inclusion of all eligible studies, a separate
search was conducted through Google, and also the ref-
erence lists of the included studies were reviewed. The
search strategy is shown in Supplementary Table 2.

Articles screening and selection criteria

The extracted studies were saved in an EndNote soft-
ware and duplicate studies were removed. To identify
studies with the correct scope for the current review, the
remaining articles were screened in two stages by two
independent reviewers (SK and RMG). At first, the titles
and abstracts of all the articles were checked. Then, full-
text of the remained articles was scrutinized to ensure
the suitability of the study for inclusion in this review.
Finally, original English-language articles that meted the
eligibility criteria were selected. All clinical and obser-
vational studies that addressed the early life (ages<2
years) growth of HC, weight, and height in infants with
ASD were eligible for inclusion in this study. Reviews,
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abstracts, conference papers, editorials, book chapters,
posters, letters, thesis, animal, and generic studies were
not included. Studies that measured the association
between prenatal head growth that was estimated by
sonography and postnatal autistic traits were excluded.
Studies that measured the association of growth factors
and autistic traits in ages>2 years were excluded. Articles
that studied other autistic traits (e.g., oral motor coor-
dination and muscle tone) in early life (case study) and
used patients with two or more neurodevelopmental
disorders were also excluded. Then, the full texts of the
screened articles were critically and separately analyzed
for eligibility.

Data extraction

The extracted data from the eligible studies were follow-
ing: the authors’ name; year of publication; study design
and location; the number of participants; mean age and
gender of participants; mean HC, weight, and height at
birth; percent of macrocephaly; findings concerning the
early life growth of HC, weight, and height in infants with
ASD.

Articles quality assessment

The assessment of each included study quality was done
using the Newcastle-Ottawa scales [24]. Assessment is
based on three sections of the comparability, selection,
and the exposure or outcome of the groups. The adopted
Newcastle-Ottawa scale score for cross-sectional stud-
ies is maximum of 10 points and if the overall score was
within 7 to 10 points, the study has good quality [24,
25]. The Newcastle-Ottawa scale score is maximum of
9 points for case-control studies and if the overall score
was within 6 to 9 points, the study has good quality [24,
26].

Results

Study selection

The process of search and study selection (PRISMA
diagram) of this systematic review is showed in Fig. 1.
Totally, 504 potential articles were retrieved through
searching of PubMed (n=79), Google Scholar (n=601),
Scopus (n=93) and ScienceDirect (n=51) databases. Fol-
lowing the elimination of duplicate articles, 473 studies
remained for additional screening. Of these, 442 stud-
ies were excluded in the first stage of screening based
on the title and abstract of the articles. During critical
analysis, 31 articles were screened of which 8 articles
were excluded because of non-availability of full text
(n=1), being out of the studied life stage (fetal period)
(n=1) [27], studying autism in combination with Fragile
X Syndrome (n=1) [28], were at ages>2 years (n=2) [29,
30], did not measure growth factors during the first year
(n=1) [31], were on high-risk children for ASD (siblings
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of a child with ASD) (n=1) [32], and were unrelated
(n=1). Finally, 23 articles were included in the current
systematic review.

Quality of articles

As presented in Supplementary Tables 3 and 4, the
quality of each included study was assessed using the
Newcastle-Ottawa scales for cross-sectional and case-
control studies resulting in the mean scores of 7.6 and
7.5, respectively (Supplementary Tables 3 and 4). These
findings indicated that the included studies had a good
quality. The most of studies had enough sample sizes and
represented infants of the wider community thus scor-
ing well in the selection domain. Scores about the com-
parability domain were relatively good due to all of the
reviewed studies did not adjust all potentially important
confounders.

Characterizes of the included studies

The main characteristics of the included studies are
shown in Table 1. Of 23 included studies, 16 studies had
a retrospective design that used medical records, and 7
studies were conducted prospectively. Both genders had
been included in 19 studies, but in 4 cases, it had only
been restricted to males. A total of 4959 autistic children
were included in this study.

Relationship between early life HC growth with ASD

In all, 21 studies assessed the status of HC growth in
ASD infants that of which 13 cases reported information
regarding HC in children at birth. 83.33% of the stud-
ies (10 of 13) showed that the HC at the birth of autistic
children was similar to that of the average found in the
control group, two cases indicated smaller HC, and one
study reported a larger HC in ASD infants than in control
groups. Among 21 studies that evaluated the HC status in
infants, 19 studies (90.47%) showed that autistic children
had larger HC or abnormal acceleration of HC growth
than the control group. In 12 cases of the included stud-
ies, the percent of macrocephaly (HC>97th percentile or
HC>2 standard deviations (SD)) in ASD infants ranged
from 1.2 to 53% that these results were consistent with
standard macrocephaly rates according to CDC norms
and only in two studies were more than standard values.
Nineteen studies were conducted on both sexes, of which
14 studies (73.68%) reported similar results between
males and females, and three studies showed greater
mean HC in males than females.

Relationship between early life weight gain with ASD

Six studies reported data about the birth weight of ASD
infants, of which five cases showed no significant differ-
ence between ASD and typically developed infants. One
study revealed that the birth weight of autistic infants was
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Fig. 1 PRISMA diagram for the process of the search and study selection

lower than that in the control group. Twenty-one studies
assessed the weight status of children during the infancy
period, of which 19 cases (90.47%) demonstrated that
weight growth was significantly greater in ASD groups
compared with controls. Of studies conducted on both
genders (n=19), all of them reported similar findings in
males and females, only one case indicated higher weight
gain in boys rather than in girls, during infancy.

Records identified through database searching (n = 824)
g , : .
E PubMed ScienceDirect Scopus Google scholar
§ (n=79) (n=51) (n=93) (n=601)
- I [ [ [
— Duplicate records removed
(n=351)
)
Records screened based on title and abstract
n
S _
'g (n=473) Records excluded (n= 442) with
L reasons:
%
- Review articles, conference papers,
| editorials, book chapters, posters,
h— thesis, animal, generic, and
irrelevant studies.
S
Full-text articles assessed
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=
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Relationship between early life length growth with ASD
Regarding height at birth, five studies indicated a similar
height in ASD and control infants. Thirteen studies inves-
tigated the height growth of children during the infancy
period, of which 10 cases (76.92%) reported that infants
with ASD were significantly longer than control groups.
Among studies that included both genders, one case indi-
cated larger height in boys rather than in girls, and the
other remaining reported similar results in both sexes.
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Discussion

The findings of the present study showed that rapid
growth of weight, height, and HC during infancy was
associated with an enhanced risk of ASD developing.
The previous research also emphasis the importance of
assessing neonatal anthropometric measures such as
weight and HC growth [33-35]. Some studies confirm
the validity of HC growth as a potential biomarker of
normal and abnormal early child development [35, 36].
Recently, it has been reported that an abnormality in fac-
tors such as hormone levels, metabolism, and growth or
neurotrophic factors may predispose a subject to overall
acceleration of growth as well as ASD [22, 36, 37]. Neu-
rotrophins abnormalities, which regulate the metabolism
of glucose, may cause accelerated growth in HC and body
size [38] and also improve neuronal growth and survival
[39]. Liu et al. [40] performed a comprehensive system-
atic review on the changes in peripheral neurotrophic
factors in autistic children and revealed strong evidence
that the levels of brain-derived neurotrophic factor
(BDNF), nerve growth factor (NGF), and vascular endo-
thelial growth factor (VEGF) in peripheral blood of autis-
tic children were higher than those in healthy controls,
establishment the evidence that neurotrophic factors play
critical roles in ASD onset and/or development. How-
ever, they found no significant associations between neu-
rotrophin-3 (NT-3) or neurotrophin-4 (NT-4) and ASD
[40]. It has been reported that overgrowth of the brain
volume in early ASD children is largely due to the aug-
mented proliferation of neural progenitor cells [43]. Neu-
rotrophic factors have a positive role in the embryonic
neural progenitor cells proliferation [42]. Importantly,
the BDNF level is temporally regulated during develop-
ment that has been shown to be required for the proper
development and functions of neuronal [43]. Therefore,
it is likely that in the early life of ASD children, abnor-
mal regulation of BDNF cause the subsequent long-term
changes in structure and function of the brain, such as
accelerating its growth. BDNF has also similar effects in
other psychiatric disorders [44].

According to the previous evidence, abnormal secre-
tion of some hormones, such as adiponectin, leptin, ghre-
lin, insulin, and IGF-1 may cause changes in the growth
process, especially in early life, and may be associated
with the risk of autism [45-50]. Adipokines, cytokines
secreted mostly by adipose tissue, may have a widespread
effect and function on brain health [51]. Rodrigues et al.
found significant changes in the adipokines plasma lev-
els in ASD patients [52]. Many adipokines such as inter-
leukin-8 [53], interleukin-6 (IL-6) [54], IL-10 [55], leptin
[56], tumor necrosis factor-alpha (TNF-a) [57], omentin
[58], resistin, and adiponectin [59] have been shown to
be associated with ASD. Adiponectin is an adipocyte-
derived circulating protein that based on recent evidence
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may have a role in the pathophysiology of autism [60].
Fujita-Shimizu et al. indicated that the serum levels of
adiponectin were significantly lower in the individuals
with autism than in normal subjects [61]. However, the
role of adiponectin on the early life growth of autistic
infants is not clear.

Leptin is another hormone whose abnormality in its
release may be contributed to the association between
rapid growth and ASD. Recent works found elevated
plasma leptin levels in children with autism compared
to typically developing controls [52, 62, 63]. There are
some reasons for the involvement of leptin in the neu-
ropathology of ASD. Leptin can cross the blood-brain
barrier through active transport [64]. Moreover, it has
been reported that proinflammatory cytokines can medi-
ate the rapid postnatal growth of ASD [65]. Raghavan et
al. indicated the mediating effect of leptin in extremely
rapid weight gain during infancy in ASD children [56].
Although they did not analyze HC, weight is the stron-
gest predictor of HC during most of the infancy [22]. In
agreement with this, animal models showed that rapid
catch-up growth in early childhood is connected with
leptin resistance [66]. Beyond leptin’s role in weight gain
of postnatal, this pleiotropic cytokine has an essential
function in the neurodevelopment regulation of includ-
ing neural differentiation, promoting migration of neuro-
nal lineage cells to the cortical plate, synaptic plasticity,
and neuron excitability, [62, 63, 67].

It is well known that ghrelin has a significant role in
the growth and development of infants [68—70]. Al-Zaid
et al. showed that the plasma levels of ghrelin were sig-
nificantly decreased in the autism group compared with
healthy controls and revealed also a significant negative
association between ghrelin and HC [50]. It is intriguing
the fact that autistic children despite low ghrelin levels
have increased weight; this could be suggesting a dras-
tic disturbance in the central processing of these periph-
eral signals. The involvement of many other hormones
which may have functions in body weight management is
another possible explanation [50].

Insulin-like growth factor-1 (IGF-1) is a neuro-
trophin that regulates somatic growth and metabolism
and myelination and brain growth [71]. Lower plasma
IGF-1 and growth hormone-binding protein (GHBP)
was observed in autistic children [46], and IGF-1 lev-
els were positively correlated with HC [46]. Li et al. also
demonstrated that the ASD group had a significantly
lower serum level of IGF- 1 and IGFBP (IGF binding
protein)-3 than the control group [72]. The beneficial
effects of IGF-1 for treating ASD are due to the potent
effects of IGF-1 on synaptic maintenance, function,
and plasticity. Based on these findings, the reduction in
serum IGF-1 levels in early childhood may be associ-
ated with the development of ASD, but the mechanism
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of the association between decreased IGF-1 levels and
increased HC, weight, and height in infants with autism
has not yet been elucidated. Abnormal regulation of
some hormones such as BDNF, IGF-1, leptin, and ghre-
lin may be associated with the accelerated growth of
infants. However, genes related to head circumference
and behavioral development, such as PTEN, might have
a role in ASD [73-75]. Fu et al. revealed that some of
the PTEN variant and ASD genetic background affected
genes involved in neurogenesis, neural development,
and synapse signaling and contribute to cellular features
consistent with ASD associated with macrocephaly [74].
Moreover, mutations in the regulator genes of mTORC1
result in ASD-like phenotypes through the disruption of
the mTORC1-mediated signaling [75].

Macrocephaly is one of the most common physi-
cal findings was achieved in autistic individuals [76].
Reported rates of macrocephaly in autistic children vary,
with an average rate of 20%. However, 83.3% of the stud-
ies included in this review showed that autistic children
at or shortly after birth usually did not have macroceph-
aly and had a similar HC percentile distribution as the
general population. Therefore, an abnormal acceleration
in head growth during the earliest stages of postnatal
development, independent of macrocephaly, may be a
risk factor related with the development of ASD [21].

Timely evaluation and early detection of ASD among
young children should be an important public health
goal [77] because evidence showed that early treatment
and services for ASD links with improved outcomes [40,
78, 79]. It should be considered that the findings were
obtained from the studies with various follow-up times
and different time points for assessing growth and out-
comes and were concluded from retrospective and pro-
spective data. Moreover, racial difference between the
infants may be have a role in these findings. Neverthe-
less, early life assessment of anthropometric measures is
suggested.

Limitation of the study

Since growth factors had been measured at various time
points of infancy across the studies, we were not able to
carry out a meta-analysis. Moreover, the majority of the
included studies not reported the criteria that were used
for the diagnosis of the ASD infants. The sample sizes of
the included studies also were low so, generalizing it to
all ASD populations should be done with caution. Some
environmental factors such as socioeconomic status of
ASD infants’ families may contributed to growth and
developmental changes in ASD children. However, this
issue has not been considered in the included studies in
this review.
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Conclusions

More than 91% of the studies included in this system-
atic review revealed that rapid growth of HC, weight,
or height during infancy probably was associated with
the risk of ASD. Therefore, these measurements might
be helpful as initial predictive biomarkers for the risk
of developing ASD. In addition, these measurements
may be a useful and cost-effective method in helping to
diagnose the risk of ASD in situations where there isn’t
access to magnetic resonance imaging technology. How-
ever, these measures are not replaceable with aspects that
neuroimaging exams can achieve. Long-term prospective
cohort studies are required to determine the association
between accelerated growth in the early life and ASD
risk.
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