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ABSTRACT

Background: Autism Spectrum Disorder (ASD) is a complex
neurodevelopmental disorder that is rapidly increasing in prevalence globally. An
emerging field of research investigating the association between macrocephaly
and ASD is developing. There is an absence of data emanating from the South
African context. Currently the journey to an ASD diagnosis is lengthy, complex

and costly within the South African context.

Objective: To investigate the head circumference measurement of children living

with ASD and to describe their ASD severity and diagnosed comorbidities.

Methods: A retrospective record review of patients aged 0-5 years diagnosed
with ASD, was conducted. All patients were attending a Neurodevelopmental
Clinic at a South African, tertiary-level, state hospital during April to September
2019. Demographic data including head circumference measurements were
collected. The World Health Organisation data set of head circumference norms
were used as the comparator reference population. Statistical analysis was
conducted using parametric, descriptive and inferential methods.

Results: Data from 135 children diagnosed with ASD were included. The
sampled group had a mean age of 40.58 months (13 — 61 months) and consisted of
107 (79%) males. The majority, 49 (36.2%), of the patients were in the 4-5 year
old age group. Thirty (22.2%) patients in the cohort had a head circumference
which was classified as macrocephalic. Most, 63 (46%), of the patients had an
ASD severity of three and 40 (29.6%), had not been diagnosed with any
comorbidities. The most commonly diagnosed comorbidities were intellectual
disability and attention deficit hyperactivity disorder. No significant associations

were found between macrocephaly and ASD severity.

Conclusions: Head circumference measurements in ASD patients is a culturally-

sensitive, cost-effective, simple and non-invasive procedure that can assist



professionals in raising suspicion of ASD at an early age. Early detection and
intervention has the ability to optimise participation and integration for the

individual living with this life-long neurodevelopmental disability.

Keywords: autism, head circumference, autism phenotype, autism severity, autism
detection, early intervention, macrocephaly.



INTRODUCTION

Definition and Epidemiology

South Africa, in alignment with the World Health Organization (WHO), has
prioritised coordinating and improving the management of individuals living with
Autism Spectrum Disorder (ASD) as it is a complex, lifelong neurodevelopmental
condition (1). The Diagnostic and Statistical Manual of Mental Disorders 5
(DSM-5) (2013) defines ASD as a developmental disorder comprising
impairments in all three areas of social communication and interaction; namely (a)
back-and-forth flow of communication, (b) non-verbal communication and (c)
developing and maintaining relationships (2). The disorder is further defined by
restricted and repetitive behaviours, interests or activities that manifest in at least
two out of the following four criteria; (a) stereotype or repetitive motor
movements or use of objects, (b) excessive adherence to routines, (c) intense
interests and (d) unusual sensory interests or reactions (2). These behaviours must
significantly affect functioning and performance of daily activities (2). In addition
to the above mentioned criteria, the DSM-5 also requires the diagnostician to
specify whether the ASD is accompanied by a language disorder or not, note the
presence or absence of intellectual impairment, and, state if the ASD is associated
with a primary medical and or genetic condition or environmental factor.
Secondly, a rating is provided for social communication and the behaviours that
were previously considered in the above mentioned criteria (2). With autism being
a spectrum disorder, the amount of support required by the individual for the
social-communicative as well as the restrictive behaviour subsection, must be
specified in order to better understand the clinical severity of affected individuals.
This is done by assigning severity levels: level one requires some support; level
two requires substantial support, and lastly level three which requires very
substantial support. Additionally, the impairments must be apparent during the
period of early development and not be better explained by intellectual

impairment or global developmental delay (2).



Due to the characteristics of ASD being spectral, a diagnostician truly needs to
understand the disorder and not only adhere to a checklist approach. According to
Voigt the overlap of several developmental-behavioural diagnoses with ASD
makes it challenging to differentiate if specific areas of functioning are matching
with the underlying cognitive capacity, or if the child does in fact have an ASD
(3). Common disorders that may overlap and hence complicate a primary ASD
diagnosis, are: language disorder, language-based learning disability, nonverbal
learning disability, social communication disorder, attention-deficit/hyperactivity
disorder (ADHD), and intellectual disability (ID) (3).

The Autism and Developmental Disabilities Monitoring Network (ADDM) —a
collaborative network based in the United States of America (USA) which/that
retrieves and reviews health records from medical and educational service
providers - conducted a prevalence study across 11 sites in the USA (4). For the
period of 2016, 1 in 54 children aged eight years had ASD (4). With regards to
sex ratio, Baio et al. identified ASD prevalence to be higher in males than in
females, with a sex ratio of 4:1, and the male-to-female prevalence ranged from
3.2t0 4.9 (5). There have been no racial or ethnic differences noted in prevalence
studies (6).

There is a paucity of studies investigating the prevalence of ASD in the South
African context, and it has been highlighted as an essential need in order to define
the magnitude of the burden of ASD, ascertain risk factors and plan intervention
strategies within this context (7, 8). Using the point prevalence data obtained in
the USA as a benchmark, Springer et al. estimated there to be over 270 000 cases
of ASD in South Africa (SA), with 5000 new cases annually (9). These are
estimates, and it was therefore suggested that prevalence studies of ASD in SA are
to be done. VVan Biljon et al. suggested that ASD prevalence in SA may be higher
than that of developed countries because of higher rates of poverty, illiteracy and
HIV/AIDS, which are contributing factors (10). In an interview published in the
website Africa Check, University of Cape Town autism expert, Professor Petrus
de Vries, had a similar view in that although there are a lack of studies observing

the total number of ASD individuals in SA, or even sub-Saharan Africa, there is
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no reason to believe that numbers of cases in SA would be lower than the global
figures (11). In the same interview, Ms Lamb, the national education facilitator
of Autism South Africa, emphasised that there are too few ASD diagnoses made
in SA and this may be due to the following two reasons; shortage of trained
professionals and vast language and cultural variations amongst South Africans
(112).

According to Statistics South Africa the disability prevalence in SA as measured
in 2016, was 4.2% of all children under the age of nine (12). Disability was
however measured using a broad definition of moderate to severe limitations in
seeing, hearing, communication, remembering/concentrating, walking and self-
care (12). Statistics South Africa has been criticised for inaccurately reflecting
childhood disability as their statistics only include children from ages five years
and older, and lack precision in determining numerical values for specific
disabilities (13). Due to the dearth of published research it is not possible to draw

reliable conclusions about the prevalence of ASD in the South African context.

Aetiology

The aetiology of ASD has historically been controversial. Subsequently, maternal
ill-treatment, as well as vaccination has been disproven as a causative agent or
action (14). Epidemiological studies worldwide have continued to refute a, now
retracted, Lancet study conducted in 1998 linking the Measles, Mumps and
Rubella vaccine to ASD (15). Genetic and environmental factors have both been
deemed probable in playing a role in the manifestation of ASD (14). Additionally,

epigenetics and gene-gene interactions may also play a role (16).

With regards to genetics, ASD is highly complex and patterns of inheritance are
multifactorial (16). A single gene disorder has not been discovered, but an
estimated 2500 susceptibility genes have been identified (16). These genes are

known to have inconstant penetrance and expressions and are therefore often
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associated with different neuropsychiatric phenotypes such as ASD (16). Familial
patterns of ASD have been demonstrated as seen in twin studies, however the data
appears complicated, as a “broader autism phenotype” has been identified that
includes milder features that are similar to the current ASD definition (14).
Various genetic conditions associated with higher rates of ASD have been
identified, such as Fragile X, Rett Syndrome, Tuberous Sclerosis, Down
Syndrome, Angelman Syndrome and a variety of other syndromes (14). It must
however be emphasised that ASD is not associated with a specific, single “autism
gene”’; because currently, the majority of ASD diagnoses are not accompanied by

syndromes, so the search for an “autism gene” has thus far been fruitless (14).

The epigenetic model with respect to ASD aetiology is one that proposes an
individual with a genetic vulnerability that may be more sensitive to
environmental influences that impact the early stages of neurodevelopment (6).
The heritability risk has been deemed high, and environmental risk factors that
have been identified include: advanced maternal and paternal age; gestational
hypertension and diabetes; maternal immune activation; prematurity (14);
maternal obesity; short interval between prior pregnancy; and certain prenatal

infections (6).

Neurobiological research has revealed that rather than a structurally discrete
anomaly, it is thought that ASD is associated with vast nonconforming neural
activity and neuronal networks (14). The neurobiological and genetic nature of
ASD are rapidly evolving and it is predicted that in the future ASD may
potentially be sub-classified into conditions that relate to each other; however, are

diagnosed and treated according to the identified aetiology (14).

Neurobiology of ASD

“Biomarkers are biological parameters that differ between normal and
pathological processes and can be used as indicators for diagnosis, prognosis, risk

assessment of a disease, and evaluation of therapeutic outcomes” as defined by
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Abruzzo et al., who conducted a comprehensive search on the PubMed database
investigating the literature on the neurobiological basis of ASD. A total of 869
papers were formally reviewed (17). Nine biological markers of ASD were
identified, namely; [1] genetics, [2] function of proteins coded by risk candidate
genes, [3] neuropathology, [4] redox system, [5] immunology, [6] oxytocin and
social peptides, [7] environmental factors, [8] brain structure and function, and
lastly [9] other (18). Focusing on ASD brain structure and function markers
specifically [8], included was brain size increase, under and over-connectivity,
difficulties in face and object recognition, lack of brain regions being integrated,
modulated brain functions being disrupted, and lastly, ineffective information
processing (18).

As early as 1938, Leo Kanner, a psychiatrist, physician and social activist, made
observations on 11 children whom he deemed to have “infantile autism” and
noted five of these children as having “relatively large heads” (19). This
presumption has since lead to research investigations that have delved into the
relationship between head circumference (HC) and ASD (20). Research has
revealed a dynamic process of brain growth (demonstrated by HC) abnormalities
as a function of age relative to the nature and severity of ASD symptoms (19).
This novel insight has allowed for a non-invasive measurement such as HC, to be

used as a consideration in early identification of ASD (20).

A systematic review and meta-analysis published in 2015 reviewed brain size
from 261 records reporting HC and an additional 391 records reporting total brain
volume from magnetic resonance imaging (MRI) studies in individuals with ASD
(21). This review collectively established that the cerebral hemispheres, the
cerebellum and the caudate nucleus were generally enlarged, whereas the corpus
callosum and midbrain had smaller volumes in individuals with ASD (21). The
authors did however emphasise that these abnormal anatomical characteristics are
largely individualised and are therefore influenced by genetic and epigenetic
factors. Similar findings were reported by Courchesne et al. who concluded that

increased size, chemical composition, tissue structure and function of the
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cerebellum, frontal lobes, temporal lobes and limbic system were most prominent,
and that atypical grey and white cerebral matter was present (22). The brain areas
mentioned above are seen as fundamental in higher order executive functions that
have an influence on lower-order functions, such as socio-emotional development
and information integration (22). Brown reports that numerous studies have
demonstrated consistent neurological deviations of both white and grey matter in
individuals with ASD, “as well as evidence of cortical dysgenesis” (14).
Furthermore serotonin and y-aminobutyric-acid (GABA) systems, as well as
oxytocin, vasopressin, and androgens/estrogens are being investigated for
abnormalities that could potentially influence neurodevelopment (14).

Parellada et al. identified [7] environmental factors such as exposure to drugs,
viruses or toxins that are notable risk factors to consider in individuals who are
diagnosed with ASD within the context of SA (18). Recent global statistics
reveal there are 1.4 million woman living with HIV, who give birth annually to
approximately 1.25 million infants who are HIVV-exposed and uninfected (HEU)
(23). These numbers are substantial and therefore have to be considered when
investigating neurobiological markers such as exposure to drugs, viruses or toxins
in ASD. Antiretroviral therapy (ART) for Human Immunodeficiency Virus (HIV)
and ASD has been linked in literature with alterations to mitochondria (24). Budd
et al. propose that ASD symptoms may have an increased penetrance in these
diagnosed individuals due to the following sequence of events: potential genetic
predisposition to ASD that is mediated by mitochondrial dysfunction and
aggravated by HIV / ARV exposure which further increases the levels of
mitochondrial dysfunction (24). The results of this study stress the necessity for

further research into the prevalence of ASD within HEU children (24).

Kanner’s original observations have thus led to researchers utilising various
methods of brain size investigations, including MRI, to ascertain the justification
of [3] neuropathology in individuals with ASD (19). Chawarska et al. made an
important proposal; that skeletal growth, and not only neuronal growth, influences

the conclusions of these growth related studies (25). Recently ASD has been
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viewed in light of a “disconnectivity” disorder and thus brain networks instead of
brain regions, have been the focus (18). A widespread Medline database search
was conducted and narrowed down to review 869 papers published over five years
(2008 — 2012), revealed that functional MRI (fMRI) and Diffusion Tensor
Imaging (DTI) are being used due to the “disconnective” nature of the disorder
(18). Functional MRI examines the functional connectivity, and the DTI technique
studies the structural integrity of the brain (18). Both these techniques have
revealed both under- and over-connectivity in adults with ASD (18). Brain region
connectivity, in terms of activation and synchronization appears to be most
impaired when applying these techniques (14, 18). The narrative of the
neurobiology of ASD is still unresolved, however, it must be recognized that the
ASD phenotype is the final expression of early-onset brain deviations as described
above (18). Collectively it can be noted that macrocephaly in ASD can result from
several mechanisms, which are not exactly understood at this time (21).

Signs and Symptoms

A literature review conducted by clinical practitioners of various disciplines
published multiple summary statements with regard to the earliest possible signs
and symptoms of ASD in children aged 24 months and younger (26). The authors
draw attention to the crucial necessity to decrease the amount of time families
spend awaiting the often drawn-out journey to a diagnosis of ASD (26). Using
parental report, retrospective home video analyses, longitudinal studies, as well as
assessments of high-risk infants, the following early markers for ASD were
identified; “reduced levels of social attention and social communication”,

“repetitive behaviour with objects”, “atypical body movements and motor

development” and “temperamental profile” (26).

Reduced levels of social attention and social communication are characterised by
decreased ability to be oriented to name, reduced use of communicative gestures

such as shared focus as well as infrequent visual attention to socially-rich
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environments (26). These are examples of some of the earliest concerns reported
by parents of children later diagnosed with ASD (26). As children on the autism
spectrum develop language, it may be a fluctuating gain and loss of skills, and is
often described as “odd”; with variable intonation and volume of speech (27). In
social contexts, these children can usually be found alone, and do not engage in or
seek social interactions (27). Therefore, friendships are difficult to start and
maintain and this becomes more apparent at school-going age (27). Verbal and
non-verbal communication is disconnected and can be observed by limited facial
expressions and failure to use eye contact for purpose, such as requesting (14).
On the other extreme, an individual with ASD may have difficulty with restraint
from a stranger and battle to interpret social cues received from them (28).
Regardless of the individuals’ language proficiency, social aspects of
communication are impaired (28). These aspects of socialisation often hinder the
individuals’ opportunities for meaningful and successful relationships and hence

these children are subjected to bullying (28).

As early as 12 months of age, repetitive and atypical behaviour with objects was
observed in children who were later diagnosed with ASD, these atypical
behaviours included lining up, spinning, and peculiar visual inspection of objects
(26). Resistance to change and fixation on sameness can be demonstrated in
repetitive routines, travelling a precise route to a destination, specific clothing and
even linen selections (28). Preoccupations may become an obsession, with either
the interest or the intensity thereof being inappropriate (28). Atypical, restricted
and repetitive movements and postures are often characterised by delayed
echolalic speech, hand-clapping, arm-flapping, lining up objects, rocking,
spinning and toe-walking, all of which are pathological after the age of 24 months
(28). Body movements and motor development in children who later develop
ASD are less well understood, however, atypical body movements and posturing
of the extremities are early indicators, and generally observed in children aged
less than 24 months of life (26). Sensory stimuli can either be underreacted or
overreacted to, and how children on the spectrum modulate these experiences

vary; some may have little or no reaction to pain or temperature, whereas others
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may demonstrate increased distress to everyday stimuli such as noises or food
textures (14, 28).

Lastly, a marker of temperament can be observed as early as six months of age,
for example, decreased understanding of positive reinforcement, with other areas
of temperament being impaired such as difficulty in maintaining attention and
behaviour as well as evidence of emotional dysregulation (26). Emotional
instability can often be observed in response to “sameness” not being adhered to,
which can potentially prompt an episode of distress which is displayed as a
tantrum (28). As described by Frye, outbursts and tantrums can be a daily
occurrence across the spectrum of ASD individuals and is often instigated by the
areas of impairment mentioned above (27). Garon et al. investigated
temperamental profiles of children who were later diagnosed with ASD and
recognised that they had a low positive affect, a high negative affect and

difficulties in controlling their behaviour and attention (29).

Due to the diverse and spectral nature of ASD expression in each individual there
IS no conclusive behavioural or diagnostic indicator of ASD prior to the age of 12
months (26). Bridgemohan echoes this sentiment that symptoms may very well be
identified before the age of 12 months, however, these symptoms are not as
reliable to predict a later diagnosis of ASD (6). This is especially true in children
who present on the spectrum with very mild symptoms and may not be diagnosed
until approximately preschool to school-going age (6). It is hypothesised that
these individuals with mild ASD are recognised at this late stage due to the
increased social demands that occur in these contexts, such as friendships and

group participation (6).

Screening and Diagnosis

The social, affective and behavioural nature of ASD makes identifying and
diagnosing the condition intricate and that much more multifaceted (30), resource-
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intense and time-consuming (31). The outcomes of diagnostic measures for ASD
are only as good as the professionals administering them, and only as good as the
assessment instrument selected (30). The instrument selected is of utmost
importance as it is the conduit for obtaining significant information regarding the
individual possibly being diagnosed with ASD (30). Specialist clinicians should
conduct standardised screening and assessments to evaluate social functioning,
communicative abilities, cognitive abilities, emotional regulation and adaptive
behaviour within their disciplines (30). Best practice is said to be the presence of a
multidisciplinary team who have experience with ASD, and in conducting the
diagnostic assessments necessary (6). Qualified professionals such as
developmental-behavioural paediatricians, neurodevelopmental disability
specialists, neurologists, psychiatrists, and psychologists are able to make a
formal diagnosis of ASD (6). Additionally, other professionals involved in
diagnosis and management are not limited to Speech-Language Pathologists and
Occupational Therapists, and is dependent on the child’s developmental concerns
which require their services (6). A diagnostic profile can only be conclusive when
the above mentioned domains are thoroughly assessed, as well as the
consideration and differential diagnosis of co-occurring conditions have taken
place (30). Assessments that have been suggested to assist in formulating a
differential diagnosis include: a diagnostic hearing evaluation by an Audiologist;
HC measurement and serial monitoring; identification of dysmorphic features;

and Tuberous Sclerosis screening (6).

The relevant information that is required includes case history information on
developmental, medical and behavioural aspects (30). Direct or informal
observations can allow the assessor insight into the child’s social skills,
behaviour, communication and play (6). These informal observations can be
accompanied by diagnostic tools such as The Autism Diagnostic Observation
Schedule, Second Edition (ADOS-2) (32), The Childhood Autism Rating Scale,
Second Edition (CARS-2) (33) or The Autism Diagnostic Interview—Revised
(ADI-R) (34) which will be described (6).
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The ADOS-2 is a robust instrument that has proven to be both reliable and valid
psychometrically and can assess individuals over their lifetime (30). Practically,
the ADOS-2 is a semi-structured, standardised assessment of communication,
social interaction, behaviour and various forms of play (35). ADOS-2
administration requires costly specialised training as well as sophisticated scoring
and interpretation of other observations (30, 35). A benefit of using the ADOS-2
is that the specified overall scores can be directly related to the diagnostic criteria
of ASD from the DSM-5 (30). The ADOS-2 assessment is currently being used as
a diagnostic tool in SA, however, it is limited to use in English-speaking
individuals as it has not yet been translated into languages native to SA (36). A
research study conducted in the Western Cape translated the ADOS-2 into
Afrikaans and concluded that it was appropriate to be used in Afrikaans-speaking
individuals accompanied with specific considerations which need to be applied in
order to ensure cultural and socioeconomic sensitivity as well as reduce method
bias (36).The ADOS-2 is often used in combination with another diagnostic tool,
the ADI-R (35).

The ADI-R is a clinical, semi-structured caregiver interview tool, and is capable
of capturing and integrating relevant information from the past and present and is
seen to be a necessary part of an ASD diagnosis (30). Although this necessity has
been realised, the ADI-R seems to be predominantly used in research intensive
settings due to the lengthy administration time (6). The interview questions focus
on the age period of four to five years and consists of 93 comprehensive questions
which can take up to three hours to administer (30). A score is then calculated
using an algorithm which classifies the individual as having ASD, or non-
spectrum behaviours (30). The utilisation of the ADI-R tool in SA appears to be

uncommon.

Lastly, the CARS-2 is a 15-item direct clinical observational tool which is based
on a scoring system that classifies ASD on a rating scale for individuals over the
age of two years old (6). When the severity of the disorder is established by the
rating scale, the clinician must decide if an all-inclusive diagnostic tool such as
the ADOS-2 (discussed above) is justified or indicated (30). The use of CARS-2
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in the South African context is not well documented, and the reason may be that it
was designed for use in the USA and requires payment for use, as well as brief
training to administer. A study conducted in Tanzania to assess the cultural
relevance of the CARS-2 concluded that it was valid, sensitive and specific at
acceptable levels and could be used in that setting. Some cultural adaptations
were however suggested; such as ensuring familiarity of the stimulus items, social

routines and play scenarios (37).

Schulman et al. (30) reviewed diagnostic instruments specific to ASD and only
included the instruments in a survey if at least one empirical article proving their
reliability and validity was available in the literature. These diagnostic
instruments included ADOS-2, ADI-R and the CARS-2. The ADOS-2 was
deemed to be robust, reliable and valid for the diagnostic assessment of ASD
across the lifespan (30). Screening tools and rating scales such as the Modified
Checklist for Autism in Toddlers (M-CHAT) are recommended for use as a
beneficial adjunct to the formal diagnostic process, as confirmatory or
complementary tools (30). Although it requires further validatory research in SA,
a South African student’s Master’s thesis conducted in 2012 concluded that the
M-CHAT proves to be a successful screening tool in the South African

population (38).

There is a dearth of research emanating from Africa with regards to ASD
diagnosis, and Abubakar et al. has noted in the systematic review they conducted
that ASD research has predominantly been undertaken in SA and Nigeria on the
African continent (8). This paucity of research is suggested to be caused by the
non-existence of ASD screening and diagnostics tools validated in the African
context (8). This sentiment was echoed in a study conducted in the Western Cape
evaluating perspectives of relevant ASD stakeholders, such as senior managers
from the Departments of Health, Education and Social Development, who
reiterated that ASD tools need to be translated and validated locally (1).
Zwaigenbaum et al. stated that underrepresented and minority groups need to be
included in rigorous ASD-specific screening research so that screening tools can

be adapted and be made culturally and socio-economically appropriate (39).
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Compounding this issue, Smith, highlighted that reputable journals will only
publish research on ASD if the research participants have been diagnosed by the
gold-standard ASD diagnostic assessment tool, ADOS-2 (36). A literature search
revealed an absence of validity studies conducted on the ADOS-2 in SA. Thisis a
worrisome topic, as research being conducted in SA may remain unpublished as
not all clinicians can use ADOS-2 for diagnostic purposes. This is for numerous
reasons, one being the cultural appropriateness as elucidated above, as well as
training accessibility and affordability for professionals. ASD diagnostic and
screening tools developed in high-income settings, for use in low-income settings
requires clinicians to carefully consider the language used in the tools, physical
resource requirements, levels of literacy, as well as the tasks expected of the child

being assessed (8).

Early Identification

Typical age at Diagnosis

The age of the child at ASD diagnosis is highly variable due to multiple and
diverse factors. As highlighted by Courchesne et al., ASD is usually only
identified and formally diagnosed in individuals between two and four years of
age (22). Data obtained from two large family research databases that registered
children who were diagnosed with ASD between 2004 and 2014 in the United
Kingdom (UK), concluded that the median age of ASD diagnosis was 55 months
(four years and seven months) (40). Similarly, in the USA, Zwaigenbaum et al.
(26) identified various large-scale epidemiological study findings indicating a
mean age of ASD diagnosis between four and five years of age. Springer et al.
conducted a study to describe the demographics, among other factors, of children
diagnosed with ASD at a developmental clinic at Tygerberg Hospital, Western
Cape, South Africa over a two year period (2008 - 2010) (9). They concluded
from a total of 58 participants that the median age of ASD diagnosis was 42
months (3 years and 6 months), with the range being 15 — 106 months (1 year and

3 months — 8 years 10 months). In a South African study aiming to compare
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profiles of ASD learners in private and public schools, the authors deduced that
the mean age of diagnosis of 126 learners in public ASD specific schools was, on
average, 47.9 months (3 years, 11 months) (41). Although not statistically
significant (p=0.368), 24 learners in private ASD specific schools mean age of
diagnosis was, on average, 42.7 months (3 years, 6 months) (41). Although there
Is increasing evidence that ASD can be diagnosed around 14 months (16),
Erasmus et al. considered that South Africa’s mean age of diagnosis may be later
due to limited parental knowledge of typical developmental milestones, limited
awareness of ASD as well as inaccessible diagnostic services for ASD (41).
Franz et al. emphasises that improved statistics of prevalence as well as burden

and cost may alter the South African government’s approach to ASD (1).

A scoping review conducted by Zwaigenbaum et al. on multiple peer-reviewed
articles concluded that an ASD diagnosis can be deemed stable when made from
the age of 24 months and beyond (39). Fukumoto et al. suggested that non-
invasive, routine body measurement data, for example HC measurement, along
with early behavioural observations may assist in forming a diagnosis at a young
age (20). Understanding differences in brain growth and development could

optimise time windows for specific areas of intervention (21).

Benefits of Early Diagnosis

Earlier identification of ASD could possibly enable general practitioners to refer
children on to critical interventions at a younger age (42). For example, early
intervention may allow a child with an ASD diagnosis to attend mainstream
educational institutions without any specialised services by school-going age (43).
Early intervention maximises on the benefit of experience-dependent
neuroplasticity, resulting in enhanced rates of learning for the child with ASD
(44). Experience-dependent neuroplasticity refers to structural and functional
changes in the developing brain dependent on experience or injury, whereas
experience-independent neuroplasticity is the neurogenesis and apoptosis of
synapses that occurs most actively during the first three years of life (45).

Zwaigenbaum et al. stresses that early identification can minimise the amount of
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stress placed on families before a diagnosis is given (26). In a study that reviewed
meta-analyses and systematic reviews of early intervention in the ASD population
from the year 2003 to 2018, it was concluded that early intervention can have
favourable effects on child outcomes, with the level of change in a particular area
being predicted by a variety of factors (44). Examples of positive predictors on
outcomes include reduced ASD severity, maternal level of education, treatment
approach as well as treatment intensity. It was reported that adaptive behaviour

outcomes were hinged on cognitive functioning (44).

Growth Monitoring

South Africa has been utilising a Road-to-Health Booklet (RTHB) since 1973, and
continues to do so in order to ensure monitoring of immunisations and growth. In
public health service in SA, the World Health Organization (WHO) child growth
standards are utilised. The monitoring of growth is very important in paediatric
health care (46). The WHO growth standards are applicable in the South African
context as the normative data was obtained from diverse populations from a range
of countries, namely, Brazil, Ghana, India, Norway, Oman and the United States
of America (46). According to the interpretation of the WHO HC growth charts,
microcephaly may be diagnosed when the HC measurement plots two standard
deviations (SD) below the mean for age (less than the second percentile), and
conversely, macrocephaly is considered when the HC plots greater than two SD
above the mean for age (greater than the 98" percentile) (46). Growth monitoring
and attending well-child visits has resulted in better health status of South African
children and as a result reduces the amount of emergency hospital appointments
and hospital admissions (47). In SA this monitoring is conducted at Primary
Healthcare Facilities, whose chief objective is to provide health care to children
presenting with acute symptoms, as well as the prevention of poor health by
monitoring milestones, feeding, growth and immunisations in children under five
years of age (48). Early detection of atypical HC growth is critical so that

specialist referrals, and as needed, specialised intervention programs, can be
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arranged (49). If microcephaly is identified, possible disabilities such as
intellectual delay can be further investigated. Similarly, if increased HC is
detected, hydrocephalous could be further investigated (40). The routine well-
child visits are therefore essential for detecting red flags in development and thus
allows for a process of referral and further investigation. The RTHB not only has
growth monitoring charts, but also a developmental milestone screening tool to be
used by the caregiver as well as primary health care workers (50). The use of a
simple measure such as HC as a possible biomarker of ASD could assist in raising

the clinical suspicion and augment referrals of children with ASD features.

In conclusion, the literature searches on ASD research revealed that there is a
paucity of published data with regards to HC and ASD in the South African
context. Therefore, the aim of our study was to investigate HC measurements in a
paediatric population diagnosed with ASD. The following section details the

study objectives and the methods employed to investigate the research question.

OBJECTIVES

Primary Objective

The primary objective of this research report was to identify whether there exists a
significant difference in the HC measurements of children diagnosed with ASD
when compared to a reference population (WHO norms) of children aged less

than five years attending a single clinic in Johannesburg, SA.

Secondary Objective

The secondary objectives of this study were to:
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(a) Describe the demographics of the patients attending the ASD clinic.

(b) Describe the incidence of microcephaly, macrocephaly and normocephaly
according to age bands, as compared to the standard reference population
(WHO norms)

(c) Investigate the association between the severity rating of ASD and HC

measurement.

METHODS

Type of Study

A retrospective, record review was conducted.

Patient Records

The subject population consisted of children diagnosed with ASD who were
attending the Neurodevelopmental Clinic (NDC) at Charlotte Maxeke
Johannesburg Academic Hospital (CMJAH), in Johannesburg, SA. Paper file
records retrieved for review were from all the patients who had been seen in the
ASD clinic for follow-up from the beginning of April 2019 to the end of
September 2019, using the clinic’s booking diary as a reference to facilitate
accurate file withdrawal. This process was enabled by the nursing staff of the
NDC who allowed access to the booking diary, and assisted in locating files. The
filing system in the NDC is one in which all patient records are kept
alphabetically, by surname, in filing cabinets. The patient records are retrieved per
patient as they attend the NDC. The details of the patient’s assessment, treatment

or management are written in their file by the consulting physician.
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Patient Record Number

The number of patient records eligible for inclusion in this study was estimated to
be 240. This was based on an estimate of 10 ASD children being seen in the clinic
per week. ASD patients seen monthly would equate to 40 patients, with a data

collection period of 6 months, hence equating to 240.

Inclusion and Exclusion Criteria

The following inclusion criteria were applied when reviewing patient records:

(@) Any patient attending the CMJAH NDC with a diagnosis of ASD
according to the DSM-5 criteria.

(b) The first HC measurement documented at the initial clinic visit, was
before the age of five years.

(c) The patient had been seen in the clinic for a follow-up during the period 01
April 2019 through 30 September 2019.

The following exclusion criteria disqualified patient records from being included:

(@) Inconclusive DSM-5 ASD diagnosis.

(b) The presence of hydrocephalous as a diagnosis.

(c) Any diagnosed syndrome associated with macrocephaly.

(d) Documentation of refusal or poor cooperation for HC measurement at the

initial clinic visit.

These criteria were applied and patient records were only reviewed if all the

inclusion criteria, and none of the exclusion criteria, were met.
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Subject Selection

Once it was established whether the information from a specific patient record
could be included into the research database or not, the record reviews
commenced. Necessary for interpretation of HC using the WHO growth charts
was chronological age in years and months as well as the HC measurement in
centimetres. The first HC measurement (from the initial clinic visit) in the
patient’s record was captured. The HC measurements were conducted by the same
set of nursing staff employed in the NDC who had been trained accordingly. The
HC measurement was obtained by using a flexible, non-stretchable measuring
tape. The tape was placed at the level of the supraorbital ridges, above the ears,
and around the occiput so that the maximum circumference was measured, as is
standard practice (51). The HC was then routinely recorded in the patient’s record
as well as plotted on the WHO HC chart (46). These two recordings were used as
a cross-check by the researcher so as to ensure that the measurement was recorded
accurately in both instances by the nurses doing the measuring. The HC
measurement as plotted on the WHO growth chart was recorded as being within
1SD of the mean (above and below), >1-2 above/below, >2-3 above/below and

>3SD above/below the mean.

Data Variables

In addition to the HC measurement being taken from the patient record,
demographical data was obtained from the patient’s medical records. Variables
collected included: date of birth, gender, ethnicity, comorbid conditions, special
investigations conducted and related findings as well as ASD severity. Severity
level one defined as requiring some support; level two defined as requiring
substantial support, and lastly level three defined as requiring very substantial
support (2). Once the HC measurement and abovementioned demographical

information was obtained, according to the inclusion and exclusion criteria, the
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data variables were captured electronically using a password protected excel
spread sheet.

Subject Confidentiality

Confidentiality was ensured by patients being assigned study identification
numbers for use during data capturing and statistical analysis. This was in
accordance with the ethical guidelines as well as the management personnel of
CMJAH when approving and granting permission for the research to be

conducted.

Data analysis

Data analysis was facilitated by Microsoft Excel. Assistance with the statistical
analysis was sort from a statistician. The data analysis in relation to each of the
research objectives will be discussed further. The primary objective set to analyse
the ordinal data obtained from two different populations, namely the reference
population from the WHO data set, and the test population that comprised ASD
patients. The inferential statistics used involved parametric testing as assumptions
were being made and a hypothesis drawn. The z-score test was chosen as it is a
statistical test that compares results (standard score) from a test population to a
reference population. Critical values were used as our data was normally
distributed. Critical values are defined as a point on the test distribution that is
compared to the z-score to determine whether to reject the null hypothesis or not.
The null hypothesis is rejected if the z-score is greater than the critical value. The

ordinal data was further categorised into male and female.
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The data analysis for the secondary objectives used categorical, ordinal variables.
With respect to the demographics of patients the data pertaining to (a) ethnicity,
(b) age, (c) sex, (d) comorbidities, as well as (e) special investigations were
analysed quantitatively. Furthermore data were arranged within the sex category
as macrocephaly and not macrocephaly using proportions. Comorbidity data were
further stratified into total number of comorbidity in the sample, number of
comorbidities per patient, as well as number of comorbidities per patient per age
band. Special investigations were stratified into normal and abnormal findings.
Descriptive and inferential statistics were used in order to draw conclusions about
the data and this was visually represented in the form of column charts, tables and
pie charts while making use of measures of central tendency in order to comment

on any interesting findings.

When analysing the categorical data with regards to macrocephaly / not
macrocephaly in specific age bands, the chi-squared, parametric test was used. It
was chosen as it allows the testing of relationships between categorical variables
by looking at the observed versus the expected pattern of responses. The presence
of macrocephaly / not macrocephaly was stratified according to age bands, per

participant and their resultant proportion.

Lastly, the HC measurement patterns of data in relation to ASD, as well as
comorbidity data were analysed quantitatively. Stratification of data took place
during analysis in order to further analyse the relationship between ASD severity,
number of patients, the presence of macrocephaly and their resultant proportions.
Descriptive and inferential statistics were used with the data represented visually
via tabular format while making use of measures of central tendency in order to

comment on any interesting findings from the collected sample.

RESULTS

During the data collection period of 01 April 2019 to 30 September 2019, a total

of 378 NDC patient records were retrieved and reviewed for eligibility into the
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study (Figure 1: Patient record retrieval process of inclusion and exclusion into
the data set). A total of 135 (35.7%) patient records met the inclusion criteria. The
main reasons for exclusion of patient records were comorbid syndromes,
inconclusive ASD diagnoses as well as patients having their initial HC
measurement after the age of five years. Inconclusive diagnoses were observed in
patients who had features of ASD, but who did not fulfil the complete criteria for
ASD on the DSM-5. No potential patients for record review presented with
hydrocephalous, nor did any of them refuse or have poor cooperation for their HC

measurement to be taken.

Patient records reviewed
n=378

Patient records excluded
n=243
64.29%

Exclusion reasons
(exluded patient data not 1. comorbid syndromes 2. inconclusive diagnoses
captured):

3. HC measurement taken at
> five years old

Patient records eligible for the data set
n=135
35.7%

Figure 1: Patient record retrieval process of inclusion and exclusion into the

data set

Table 1 below is a summarised version of the data collected for this research
study, distributed among age bands. Table 1 shows the mean age in months, sex,
ASD severity, mean HC, HC range, HC z-score, presence of macrocephaly,
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comorbidities, ethnicity, special investigations and HC interpretation of the whole
cohort stratified by age bands. The age bands featured are between the ages of one
and five years. No patients less than one year were eligible to be included in the
study.

Table 1: Distribution of general data collected, stratified by age bands

Male, n (%) 5 (83.3) 12 (50) 47 (87) 41(83.7) 2 (100)
Female, n (%) 1(16.6) 12 (50) 7(13) 8 (16.3) 0

ASD severity, n (%)
1 1 5 4 0
! (16.6) (4.17) (9.26) (8.16)
5 5 11 22 22 1
(83.3) (45.83) (40.74) (44.9) (50)
3 0 12 27 23 1
(50) (50) (46.94) (50)




Secondary Comorbidity

ADHD 0 2 2 1 0
Anxiety 0 1 0 0 0
Asthma 0 1 1 0 0
Behaviour 0 4 7 2 0
problems

Chromosomal

Abnormality 0 0 0 0 0
Developmental 0 0 0 0 0
delay

Epilepsy 0 0 0 1 0
Hyperactivity 0 0 1 1 0
Intellfactual 3 9 9 9 0
Impairment

Language 0 0 0 1 0
Impairment

Otitis Media 0 1 0 0 0
None 3 13 34 34 2

Patients mean HC
(cm), (SD)

HC z-score, n (%)

>-2t0-3 0 (8.233) (3-270) ° °
>-1t0-2 (3;3) 0 (5,?;5) (8.16) (510)
Median (530) (4]1_967) (42.14) (23?37) °
>1to2 (16%67) (265) (2;‘;3) (3é-873) (5]6)
>2103 0 (8,233) (11(.511) (14?29) °
>3 0 (16‘.167) (9.26) (12(-524) °
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Primary Objective Results

The primary objective was to identify whether there was a significant difference
in HC of patients diagnosed with ASD when compared to a reference population

(WHO norms) in children aged less than five years.

Firstly the data obtained will be represented using a column chart indicating the
number of patients diagnosed with ASD who have HC measurements that were
normal (within one SD of the mean), three SD below, 1-2 SD below, 0-1 SD
below, three SD above, 1-2 SD above or 0-1 SD above as, characterised by the
WHO HC charts.

60
50

51
40
40
30
15 15
20 10
© : i B

3 SD below 2-3SD 1-2SD within1SD 1-2SD 2-3SD 3 SD above
themean below the below the of the meanabove mean above the the mean
mean mean mean

Number of patients

Standard Deviation (SD)

Figure 2: Column chart showing the distribution of patients’ HC in relation

to the mean WHO HC normative values

As depicted above in Figure 2, majority, 51 (37.7%) of the patients were classified
as having a HC within normal limits (being within one SD of the mean).
Following this, 40 (29.6%) patients had a HC 1-2 SD above the mean.
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Additionally, 15 (11.1%) patients had a HC 2-3 SD above the mean, and another
15 (11.1%) had a HC three SD above the mean. Fewer patients had HC
measurements which fell below the mean, being 10 (7.4%), four (2.9%) and zero
patients with a HC of 1-2 SD, 2-3 SD and three SD below the mean, respectively.
In accordance with the WHO chart interpretation, four (2.9%) patients had
microcephaly (>2 SD below the mean) and 30 (22.2%) patients had macrocephaly
(>2 SD above the mean for age). According to the WHO growth charts it is
expected that 3.13% of children aged 0-5 years have macrocephaly, however in

our sample it was observed that 22.2% had macrocephaly.

A z-score test was used to ascertain differences between mean HC in the patients
with ASD (sample population) as compared to the mean HC of the reference
population (WHO norms). The null hypothesis was that the proportion of the
sample patients who have macrocephaly is equal to the proportion of the reference
population who have macrocephaly. The alternate hypothesis was that the
proportion of the sample patients who have macrocephaly is larger than the
proportion of the reference population who have macrocephaly. The z-score value
was 9.85. The results indicate that the null hypothesis can be rejected and it can
therefore be inferred that the HC’s of the sample patients are larger than in the
reference population. Additionally, a z-score test was used for male and females
separately. The male participants (107, 79.2%) had a z-score of 7.95 and a critical
value of 1.65. The female participants (28, 20.7%) had a z-score of 6.10 and a
critical value of 1.65. The z-scores are higher than the critical value of 1.65 for
both male and female patients, and therefore reject the null hypothesis. Therefore,
the proportion of the sample patients who have macrocephaly is higher than the
proportion of the reference population who have macrocephaly. This is true in
both male and female patients. Table 2below depicts the mean HC measurements
of both the WHO reference population norms (expected), versus the observed

measurements in our sample, stratified by sex and age band.
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Table 2: WHO reference population’s (expected) versus sample patient’s
(observed) mean HC measurement, stratified by sex and age band

Figure 3 below shows a scatter graph indicating the median values of the
reference population’s HC measurements; males indicated in a green solid line,
and females indicated in a pink solid line. The blue circles indicate each of the
male sample patients’ HCs, and the purple circles for the females in the sample.
Of importance when interpreting this graph, is that a single circle may represent
more than one patient in the sample, as some patients had identical ages and HC
measurements. Additionally it can be described that the mean HC measurement of
the sample’s patients were 50.2 centimetres and the median was 50 centimetres.
This demonstrates that data was normally distributed.

60
55

50

45

40

HC measurement (cm)

Age (years)
® Males (sample) = Males (WHO) @ Females (sample) Females (WHO)

Figure 3: Graph showing HC measurement of each patient in the sample
versus WHO norm medians
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Secondary Obijective Results

The secondary objectives were three pronged; and included

(a) Describing the demographics of the patients attending the ASD clinic.

(b) Describing the incidence of microcephaly, macrocephaly and normocephaly
according to age bands, as compared to the standard reference population
(WHO norms)

(c) Investigating the association between the severity rating of ASD and HC

measurement.

(a) Demographics

Firstly, the demographics of the patients seen in the NDC and included in this
analysis will be described. The highest percentage of patients were Black (123,
91.1%); followed by White (6, 4.4%); then Coloured (4, 2.9%) and lastly, Indian
(2, 1.4%).

The data obtained for age and sex distribution within age bands is depicted using a
column chart below (Figure 4). Ages were grouped into 12 month intervals. The
age groups were planned to be grouped in six month intervals, but due to patient
numbers being very low in specific age bands, the age band grouping was
expanded to 12 months. The mean age of presentation to the NDC was 40.58
months. The highest distribution of patients fell into the > 36 — 47 months age
band, being 54 (40%) patients. The next highest distribution, 49 patients (36.2%)
were in the > 48 — 59 months age band. The > 24 — 35 month age band had 24
(17.7%) patients. The least represented age bands were the following three. The >
12 -23 month age band had six participants (4.4%), > 60 months age band had two
patients (1.9%), and zero participants were identified in the < 12 months age band.
In terms of sex distribution, the majority of the sample was male (107, 79.2%).
The observed ratio of female to male was therefore 1:3.8. Most male patients were
in the age band of > 36 - 47 months, and the most female patients were in the > 24

- 35 month age band.
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Figure 4: Bar chart depicting patients’ age and sex distribution within age
bands

ASD was the primary diagnosis reported on the problem list in the patient’s
record by the managing physician, and following the primary diagnosis the
comorbidities were recorded. The listed comorbidities were captured from the
patient’s record and the treating physician ranked comorbidities in order of
functional impairment. Where applicable DSM-5 criteria were used to confirm
comorbid diagnoses. A maximum of two comorbidities were recorded per patient
record for this analysis. A total of 11 different comorbidities were identified
among the 135 patients. Just less than one third of patients did not have the
presence of a comorbidity, 29.62% (n=40). The most common primary
comorbidity present in the ASD patients used in our sample was ID (n=38)
followed by ADHD (n=28). Additionally, epilepsy (n=9), behavioural problems
(n=8) and developmental delay (n=7) were also identified. The least common
primary comorbidities were hyperactivity (n=2), language impairment (n=1),
anxiety (n=1), chromosomal abnormality (n=1) and otitis media (n=1). ID was the
most common secondary comorbidity (n=22), followed by ADHD (n=5) and
behavioural problems (n=5). Two patients had asthma as a secondary
comorbidity, hyperactivity (n=2), epilepsy (n=1), language impairment (n=1) and
lastly anxiety (n=1). Of the 30 macrocephalic patients, ID (13, 43.3%) and ADHD

37



(7, 23.3%) were the comorbidities most commonly present. Table 3 below
provides a summary of the primary and secondary comorbidities.

Table 3: Primary and Secondary comorbidities amongst patients

The next important values to note with regards to comorbidities are the number of patients
who had zero, one or two comorbidities. Forty patients (29.6%) did not present with any
comorbidity, 55 patients (40.7%) had one recorded comorbidity and 40 (29.6%) patients
had two recorded comorbidities. Furthermore and in relation to comorbidities, as depicted

in

Table 4 below, patients were grouped into age bands. The age band with the highest
number of comorbidities per patient was the >12-23 month age band (n=6) with 1.33
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comorbidities per patient. The >60 month year age band (n=2) had the lowest number of
comorbidity per patient (0.5).

Table 4: Number of patients, total number of comorbidities and number of

comorbidities per patient, stratified by age

6 (4.4%)

24 (17.8%) 21 0.88
54 (40%) 54 1
49 (36.3%) 51 1.04
2 (1.5%) 1 05

In order to differentially diagnose comorbidities, the patients’ managing physician
often recommended special investigations to be conducted. The chosen
investigations as well as their results were extracted from the patient records (as
can be seen in Table 5 below). Of the 135 patients, 50 (37%) patients required
further objective investigations. In 27 (54%) of the patients an MRI was indicated
and 14 (28%) patients had an EEG. The least utilised objective investigation was
the computerised tomography (CT) scan. Of the 50 patients, nine (18%)
underwent a CT scan. All EEG and CT scan results were within normal limits and
five of the MRI’s conducted yielded abnormal results. None of the MRI
abnormalities were common across participants. According to the MRI reports
the following abnormalities were identified: MRI patient one had a structural
malformation of the temporal lobe; patient two had a venous malformation of the
temporal lobe; patient three had hyperintensity in the posterior deep white matter
bilaterally; patient four had periventricular leukomalacia; and lastly, patient five,

39



had supratentorial ventriculomegaly with white matter volume loss and dilated
perivascular spaces.

Table 5: Special medical investigations recommended and their findings

27 (54%) 22 (815%) | 5 (18.5%)

14 (28%) 14 (100%) 0

9 (18%) 9 (100%) 0

(b) Incidence of microcephaly, macrocephaly and normocephaly per age
band

In order to ascertain the incidence of microcephaly, macrocephaly and
normocephaly within specific age bands, frequency counts were compared
between age bands. As depicted in Table 6 below, the highest proportion (26.5%)
of macrocephalic patients was in the age band of >48-59 months old, followed by
the >24-35 month age band (25%). The age band of >36-47 months had the third
highest proportion of macrocephalic participants, being 20.4%. The remaining
two age bands had no children with HC measurements classified as
macrocephalic.

Table 6: Proportions and frequency counts of macrocephalic patients per age
band
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Additionally a fisher exact probability test was used to ascertain whether a

statistically significant association was apparent between the sample patients
versus the reference population with regards to macrocephaly and age. A
statistical value was calculated to be 203.33, and the critical value was 11.5,
suggesting that there was a significant association between the proportion of the
sample patients presenting with macrocepahly and their relative age. Furthermore,
among the patients, 20.56% (n=22) of males and 28.57% (n=8) of females, were
macrocephalic (as seen in Table 7 below).

Table 7: Patients’ HC measurement interpretation stratified by sex

4 (3.73%) 0
81 (75.70%) 20 (71.42%)
22 (20.56%) 8 (28.57%)

0.45

(c) Severity rating of ASD and HC measurement

In order to investigate the severity rating of the ASD diagnoses in association with
the patients’ HC category, the number of patients falling into one of the three
severity categories was calculated.
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Table 8: ASD severity stratified by age, macrocephaly incidence and

proportions

1 5 4

(166) | (417) | (9.26) | (8.16) 1 9.1%

5 11 22 22 1 )
(83.3) | (45.83) | (40.74) | (44.9) (50) 19 31.1%
0 o 2 23 ! 10 15.9%

(50) (50) | (46.94)

As depicted in Table 8 above, the patients were classified according to an ASD

severity of one, two or three. In the entire cohort there were 11 patients who had
an ASD severity of one, 61 with an ASD severity of two, and the remaining 63 an
ASD severity of three. Of the 11 patients with an ASD severity of one, one had
macrocephaly. Nineteen patients had macrocephaly with an ASD severity of two,
and ten had macrocephaly in the ASD severity rating of three. A proportion within
each ASD severity grouping was calculated and the following results were
revealed. In total, there were 30 (22.2%) macrocephalic patients in the entire
cohort. Of the macrocephalic patients, a proportion of 31.1% of patients presented
with an ASD severity of two, 15.9% of patients presented with an ASD severity of
three, and 9.1% of patients presented with an ASD severity of one. Using a chi-
squared test the observed and expected values were calculated. The test statistic of
4.18 emerged, with a critical value of six. The test statistic was less than the
critical value, indicating that there is no association between ASD severity and
macrocephaly.

Below, Table 9 illustrates the number of patients with an ASD severity rating and
number of comorbidities. There were 11 patients who had an ASD severity rating
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of one, individually; seven patients had no comorbidity, two patients had a
primary comorbidity, and two patients had a primary and secondary comorbidity.
There were 61 patients who had an ASD severity rating of two; individually, 18
patients had no comorbidity, 22 patients had a primary comorbidity, and 21
patients had a primary and secondary comorbidity. There were 63 patients who
had an ASD severity rating of three; individually, 15 patients had no comorbidity,
31 patients had a primary comorbidity, and 17 patients had a primary and
secondary comorbidity. The highest proportion (22.9%) of patients presented
with only a primary comorbidity with an ASD severity of three, followed by a
proportion (16.3%) of patients with only a primary comorbidity with an ASD
severity of two. The lowest proportion (1.4%) of patients who had an ASD

severity of one, had only one primary comorbidity.

Table 9: ASD severity and number of comorbidities

7 (5.1%) 2 (1.4%) 2 (5.1%) 11 (11.6%)
18 (13.3%) 22 (16.3%) 21 (13.3%) 61 (42.9%)
15 (11.1%) 31 (22.9%) 17 (11.1%) 63 (45.1%)

DISCUSSION

Head Circumference in the ASD population

The primary objective of our research study was to identify whether there was a
significant difference in HC of children diagnosed with ASD aged less than five

years attending a single clinic in Johannesburg, SA, when compared to a reference
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population using the WHO HC charts. Our study revealed that a statistically
significant proportion of children in our sample (22.2%) diagnosed with ASD had
macrocephaly. This is slightly higher than the percentage found in a systematic
review and meta-analysis of 27 studies that concluded that 15.7% of ASD
individuals displayed macrocephaly and 9.1% had increased brain volume
detected using MRI (21). The results of this systematic review, however, must not
be compared to the current study entirely as the systematic review and meta-
analysis had varying age ranges in their samples; 2.9 to 33 years of age. The age
range in samples is imperative to consider as it is understood that HC
measurements in individuals with ASD are no longer different from typically
developing peers after the fifth year of life (22). Not included in this systematic
review and meta-analysis (due to time interval exclusion), was a South African
retrospective record review that determined that 12.1% of their ASD sample
presented with macrocephaly (9). Their study was similar to ours in that HC
measurements in 58 children (mostly pre-schoolers) were recorded as a clinical
characteristic from a NDC within a tertiary level state hospital between 2008 and
2010. During a synopsis of MRI studies, specifically total brain volume, in ASD
children, Stigler et al. noted that by 4-5 years of age, 15-20% developed
macrocephaly (19). Despite these variations of macrocephalic percentages of ASD
individuals, in a recent publication, Bridgemohan, confirmed a high rate of
macrocephaly in ASD individuals, up to 25% (6). This finding is most congruent

with our study results.

Height, weight and HC in individuals with ASD, when compared to typically
developing individuals, has been shown to differ significantly (14, 52, 53). To
elaborate on a particular study, a longitudinal record review of a group of
individuals with ASD (n=280) and a control group (n=609) was conducted in
Japan using a RTHB equivalent. The researchers aimed to determine whether HC
was larger in the ASD participants, and if so, did this growth occur along with
general body overgrowth (height and weight) (20). Using analysis of covariance
between the two groups, the mean HC was adjusted for height, weight and age in

days (20). In male participants with ASD the mean HC was significantly greater
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than the control group, whereas no statistical difference between the female
participants was found (20).

During a retrospective record review, with similar methodology to the study
conducted in Japan, findings indicated that in the ASD group (versus the
community control group), somatic growth was increased in only the male ASD
participants and was associated with an early generalised overgrowth (42). This
overgrowth was first identified as increased length-for-age at four months,
followed by increased HC and weight-for-age by 10 months (42). The researchers
suggested that this somatic overgrowth at birth could be used as a biomarker for
identifying individuals at high risk of ASD who would have potentially worse
outcomes (42). In a nested-matched case control study in Finland, researchers
investigated the dynamic features of HC growth (54). Their main finding from
research involving 468 matched individuals indicated that there was a strong
association between ASD and accelerated HC measurements (54). Most
importantly, it was concluded that this accelerated growth was independent of
acceleration in height and weight, which are deemed unassociated with ASD after
six months of age (54). In 2007 Sacco et al. described that the height, weight and
HC data they obtained from their sample of 241 ASD participants were

significantly greater than the general population (52).

Despite these differing views of whether accelerated HC measurements are
dependent on generalised body overgrowth in ASD individuals or not, in 2015,
Sacco et al. reported in a systematic review and meta-analysis of 27 different
studies spanning 20 years (1994-2014), that macrocephaly is consistent in ASD
individuals, across nations (21). Consistent with Sacco et al. (21), Chawarska et
al. (25) demonstrated in their study that indeed, male individuals with ASD do
have an accelerated increase in HC during the first year of life, but this
overgrowth was relative to overgrowth in height and weight. Furthermore, the
development of macrocephaly underlying ASD is demonstrated very early on
post-natally, and continues for several years (52). Multiple research

investigations therefore conclude that brain growth, and thus HC, length and
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weight in newborns during the early postnatal phase and infancy is accelerated in
individuals with ASD (19-21, 42, 54).

With multiple literature sources addressing ASD and macrocephaly it is crucial to
understand differences in brain growth and development (21) when contemplating
a diagnosis of ASD for a child. With this realised, advantages can include
guaranteeing early intervention by improving and anticipating diagnosis (17).
Although diagnosis can be a lengthy process, as acknowledged by Brown, any
child who has significant developmental delay should be referred promptly for the
necessary interventions whilst awaiting a diagnosis (14). Early identification is
fundamental when it comes to ensuring that individuals who have been diagnosed
with ASD have access to not only specialised, but also evidence-based
interventions that have been proven to enhance long term developmental
outcomes (26). This is reiterated by Brown, who states that early identification

and thus early intervention are directly related to improved outcomes (14).

On-going intervention needs to continue throughout the lifespan in majority of
cases and in so doing, should optimise individual independence in activities of
daily living (14). ASD interventions were recommended to hone in on areas such
as social skills, social communication and behavioural therapy, achieved via
structured education and supported employment (14). Early identification and
intervention is valued by both the Department of Health and the National
Integrated Early Childhood Development policy of SA which mandates various
statutory institutions to implement early detection and intervention schemes (1).
Additionally, parent and family education and support is critical, along with
coordination of services that the family and individual have to undergo (14).
Furthermore with regards to family involvement, not only is clinician-led
intervention indicated; parent-implemented intervention is equally important and
has been shown to enhance achievement of therapeutic goals (44). Parent-
implemented intervention is defined as a “vital intervention component” in ASD
and places significant importance on equipping parents and families with skills to
manage their child’s changing skills and behaviours (44). Our results contribute to

and are in support of existing evidence of the importance of early identification.
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Demographics

Demographic factors were explored as part of the secondary objectives of our

study, namely; ethnicity, age, sex, comorbidities and special investigations.

Ethnicity

In a Western Cape study conducted with similar a population to ours (from a
NDC), the following ethnicities were represented; black african (20.7%), white
(20.7%), mixed ancestry (51.7%) and African immigrants (4%) (9). According to
the authors, mixed ancestry related to ancestry originating in South Africa, black
ethnicity referred to participants who originated in Africa and African immigrants
included Somalian, Congalese and Angolan participants (9). In a Gauteng study
exploring demographics in an ASD population at public and private schools, it
was noted that black ethnicity was predominant (74.5%) with white (16.2%),
coloured (1.9%) and Indian (6.5%) constituting the remaining ethnicities (41).
The Black ethnicity was also found to be predominant in our study (91%). White,
Coloured and Indian (9%) races made up the remaining ethnicities in our study.
Our sample is therefore a close representation of the ethnicities present in South
Africa as described by Stats SA (Statistics South Africa) (12). They reported that
80.7% of the South African population are Black, 8.1% White, 8.7% Coloured
and 2.5% Indian (12).

Age

Three to four years of age was the age band that most patients were aged when
meeting the inclusion criteria for this study. The mean age of presentation was
40.58 months which may be ascribed to the average age at formal ASD diagnosis
in this particular NDC. Springer et al. found a mean age of ASD diagnosis in a
study conducted in a Western Cape Hospital of 3.5 years of age (9), similarly a
study conducted in a public South African ASD school, mean age of diagnosis
was 3.9 years of age (41). Our sample is therefore consistent with these
abovementioned local findings. A UK study found the median age of diagnosis

being 4 years 7 months (40). Crane et al. conducted an online parental survey in
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the UK, and reported a mean age of diagnosis in their sample of 7 years 5 months,
with 82% of those being between the ages of 3-18 years old (55). Several
epidemiological studies conducted across the USA reported mean age of diagnosis
being between 4 and 5 years of age (26). Contrary to the most recent hypothesis
that ASD can potentially be diagnosed as early as 14 months (56), this clearly
differs in the reality of diagnosing ASD.

Our study findings indicated that most patients were diagnosed between three and
four years of age and barriers to an earlier diagnosis should be explored. In an
interview for the South African Medical Journal (2013) a South African general
practitioner (whose son has been diagnosed with ASD), stated that general
practitioners have a lack of knowledge regarding ASD, and consequently avoid
making ASD diagnoses. Reflecting on her own tertiary education she stated that
exposure to developmental disorders was very limited at medical school.
Although medical school curricula is constantly updated and revised, this
particular medical officer reported that ASD was only mentioned as a condition to
consider when differentially diagnosing conditions (57). Franz et al. divulges on
the typical, lengthy, diagnostic process in the Western Cape, South Africa, which
is deemed to be one that is well-resourced in terms of health care (1). “Limited” is
how Franz et al. describe the population’s access to early identification of and
intervention for ASD (1). To elaborate, when a caregiver suspects ASD in their
child, they will be evaluated in a primary health care setting. A medical
professional will then refer the case to a specialised neurodevelopmental clinic
that is usually at a specialised or tertiary level hospital (1). This process is
reported to take between 9 and 18 months, and in some instances, even longer (1).
Once an ASD diagnosis is given, the child is often referred for therapy and school
placement, and placed on the Western Cape Education Department’s provincial
ASD waiting list (1). Internationally, according to a UK research database, early
parental concern was communicated to professionals in due time, but still, there
were delays in diagnosing ASD in their children (40). The following reasons were
proposed: parental postponement in pursuing a diagnosis; intricate pathways
between initial parental concern and a diagnosis; and lastly, lack of awareness of

ASD features by general practitioners (40).
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Sex

The male predominance of 107 (79%) patients with a ratio of male-to-female
being 3.8:1 is in keeping with multiple international literature findings (5, 6, 14,
28). Springer et al. reported a male-to-female ratio identical to ours (9); which
was a local study conducted in a NDC setting similar to ours with a total sample
size of 58 participants. Two further South African studies reported higher male-to-
female ratios of 15:1 (38) and 6.8:1 in a public ASD school and 8:1 in a private
ASD school (41). Although these studies had a greater discrepancy of male-to-
female ratios when compared to this study; the comparison of the ratios should
consider sample sizes; Stephens had a total sample of 16 participants (38) and
Erasmus et al. had 126 participants in their private school sample and 24

participants in their public school sample (41).

Comorbidity

Co-existing ASD conditions have been increasingly recognised due to the DSM-5
now including further specifiers comorbid to ASD (30). Approximately 45% of
individuals with ASD have ID (6), which is comparable to our sample which
found that a total of 60 patients (44.4%) had been diagnosed with 1D (as either a
primary or secondary comorbidity). Baio et al. reported that 31% of their ASD
sample in 11 different American states were classified with ID and varied by sex
and ethnicity (4). Springer et al. did not include ID as a prominent health or
behaviour comorbidity in their participants (9). They did however report that 42
(72%) participants were non-verbal. This is noteworthy, as delay in language can
be a feature of ID (58). Discrepancies in study findings are however anticipated as
performance on intellectual subtests are highly variable in ASD individuals (6) as
well as the complex nature of differentially diagnosing ASD and ID in young
children (30).

Identifying ADHD comorbidity is crucial as attention and hyperactivity can
consequently form an imperative aspect of ASD intervention and therefore a
separate diagnoses assists in highlighting the individual’s specific areas of
difficulty (30). ADHD comorbidity was present in 33 (24.4%) patients in our
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sample. A study conducted in the Western Cape, reported that 25 participants
(43%) of their sample presented with hyperactivity (9). Bridgemohan et al.
estimate that ADHD is comorbid with ASD in approximately 28 — 44% of
individuals (6). The percentage of behaviour-related comorbidities may be
elevated in individuals diagnosed with the DSM-5 criteria as it became a specifier
(to state if the ASD was associated with neurodevelopmental, mental or
behavioural disorder) as did ID, in contrast to previous DSM’s (2, 14). Therefore
the DSM used at the time of diagnoses must be considered when investigating and
comparing comorbidity data.). Strikingly, a further 9.6% of our sample had
significant behaviour difficulties that did not fulfil the comprehensive criteria for
ADHD. If such cases were to be included, behaviour related comorbidities would
increase to 34%. It is therefore crucial to be vigilant of patients who present with
ID and or ADHD for features of ASD, and vice versa.

Special Investigations

Special investigations in the current study sample included MRI, EEG and CT
scans. During an assessment of ASD, multiple tiers of testing are recommended
by Bridgemohan (6), firstly physical examination (HC for example), diagnostic
testing (chromosomal microarray / Fragile X test / audiological evaluation),
additional genetic testing (karyotype for example) and additional targeted
diagnostic testing, such as electroencephalogram (EEG), metabolic testing or
MRI. Choice of testing is dependent on the individuals history and clinical
presentation (6). MRI scans were indicated in 27 (54%) of the patients in our
sample who required any sort of special investigation, with 5 (9.2%) of those
having abnormal MRI findings. Springer et al. had 5 (8.6%) participants who
were referred for MRI scans, with 2 (40%) of them being abnormal (9). Clinical
reasoning for conducting an MRI on an individual is based on lateralising signs or
other symptomology discovered upon routine neurological examination (28). In
the case of pure macrocephaly in ASD, MRI is not immediately indicated due to
the high prevalence of macrocephaly in this population, whereas an MRI is
indicated in microcephaly and developmental regression (major language

regression for example) (6, 28). MRI has assisted greatly in investigating the
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neurobiology underpinning ASD (19) and imaging findings of ASD individuals
are highly heterogeneous (28). Hirtz et al. describe that when MRI’s have been
indicated as part of an ASD assessment battery, focal findings are very rare and if
abnormalities are found, it is generally coincidental as ASD is not ordinarily
associated with focal lesions (28). MRI research in ASD individuals has however
contributed to our knowledge into the neurobiology of ASD, neurocircuitry and

atypical cortical development (19); and therefore should not be disregarded.

Macrocephaly and Age

The secondary objectives in our study included describing the incidence of
macrocephaly, microcephaly and normocephaly within age bands. The proportion
of macrocephalic patients in our study within the age range of 2 — 5 years was
statistically significant when compared with the reference population and is
similar to HC measurements reported in numerous other studies (14, 22, 35, 42,
53). However, the number of patients and their respective HC measurements
within age bands < 11 months, >12-23 months old and > 60 months old were too
few to prove significance. Patients in our sample, more specifically, aged > 48 —
59 months of age constituted the greatest overall proportion of macrocephalic
patients. Brain growth trajectories of individuals who have ASD have been
described in research literature. Extreme generalised brain overgrowth occurs
within the first year of life (22, 52), with extreme brain overgrowth (including
increasing HC) and macrosomy extending into and concluding in the second year
of life (14, 22, 42). This increase seems to be apparent until approximately four
years of age (35, 52), which is followed by a plateau of brain growth, or more
easily described as an arrest of brain growth (19, 22). From approximately five
years of age extending into adolescence, HC is no longer significantly different to
that of typically developing peers (22), and adolescents with ASD have been

reported as having normal total brain volume (19).
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Furthermore Sacco et al. emphasised a crucial finding in their study, among
others, regarding the significance of postnatal macrocephalic development in ASD
individuals (52). They concluded that increasing HC is a clinical presentation of
the active pathogenetic processes that underlie ASD, and can allow for it to be
suspected and/or detected early on which is critical for intervention (20, 52). In
line with this hypothesis our data can contribute a clearer understanding of what
HC measurement at a particular age can be anticipated to be in an individual

suspected of having ASD.

ASD Severity

ASD severity was the final secondary objective characteristic to investigate within
our sample. As similarly found in a study conducted in France by Fombonne et al.
the severity data obtained for each patient in our sample, found no association
between ASD severity and macrocephaly (59). Contrary to our finding,
Courchesne et al. observed in their research data that infants with “extreme brain
growth” were diagnosed with a more severe form of ASD and had more atypical

neuroanatomy (22).

However, the majority (45.1%) of patients in our sample had an ASD severity of
three and additionally had the highest frequency of comorbidities. Springer et al.
similarly found that patients with moderately-severe and severe ASD at an
increased risk of poor cognitive performance, potentially due to their autistic
features (9). When considering separating their sample of participants into low-
and high-functioning groups and therefore interpreting statistics separately,
Fukumoto et al. decided not to do so as multiple literature sources found no
associations between cognition and ASD severity (20). Franz et al. did however
recommend on the importance of investigating severity of ASD individuals in
sub-Saharan Africa as this can contribute to an increased understanding of the

phenotype of ASD as currently there is a dearth of such literature (60).
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Differentially diagnosing ASD patients can be cumbersome, but Shulman et al.
emphasise the necessity of this process, as co-existing conditions are
commonplace in this population (30). Kliegman et al. further emphasises this
importance as a lower symptom severity is a predictor of a more favourable

prognosis (6) and can assist in an appropriate school placement (41).

LIMITATIONS AND R ECOMMENDATIONS

The WHO growth charts, although used throughout the public health sector in
South Africa, are only available for ages 0-5 years old. Given the age limits of the
growth charts, the number of patients that met inclusion criteria for our study was
restricted. Vigilantly choosing such criteria would ensure patients with ASD of
varying ages are included so that age bands can be better represented. This could
enable statistical methods to be more easily utilised across all age bands. Despite
these growth charts not being from the specific population in which this study was
conducted, it is stated by the WHO that the standards can be applied to all
children everywhere, regardless of ethnicity, socioeconomic status and type of
feeding. Therefore, replicating this study with a matched control group and a more
thorough data collection tool would allow the researcher to eliminate sources of
variability and explore additional associations that may be specific to the South
African population. For example, collecting data on HIV status’ of ASD patients;
uninfected, infected or exposed, would be valuable to gain insight into any
potential associations between HIV and ASD. Additionally, collecting further data
on comorbidities, and not limiting the data to a maximum of two comorbidities
per patient, would have also supplied added understanding to the complexity of
ASD presentation.
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Additionally, an important consideration is that ASD is generally diagnosed in
older children when the symptoms are more apparent, and therefore a range of
patient ages, especially less than one year old, was challenging to obtain in this
study. The targeted patient numbers were further negatively influenced due to
staff shortages and therefore less patients being booked for ASD-related
consultations. Secondly, the large number of South African public holidays within
the data capturing period prevented the NDC from being open and hence resulted

in less patients being booked during that time period.

It is evident that there is limited research in sub-Saharan Africa describing or
quantifying knowledge about ASD among health care workers, policy-makers,
faith healers or traditional practitioners (8). Studies conducted generally concur on
limited ASD knowledge amongst health care practitioners, and the necessity of
training for these professionals. Despite this, appropriate training programs have
not been proposed or attempted by researchers (8). This reflects the limited
knowledge of clinicians regarding ASD red flags, which may have potentially
deleterious consequences for early identification and early intervention. Early
intervention is a key objective in South Africa currently, and it is therefore critical
that we utilize a screening tool that is simple and can be used at an early time in a
child’s development (38). With early identification being the key objective, it is
fundamental to note that early intervention has the potential to decrease large

expenses associated with ASD as it improves prospective outcomes (38).

In order to safeguard early diagnosis and thus intervention, it is imperative that a
simple, effective and efficient method of raising suspicion for ASD in young
children is established. A suggested approach would be firstly to encourage
research to be conducted in NDCs across the county, in both urban and rural
settings, to investigate the HC of their patients as well as mean age of ASD
diagnosis per clinic. Furthermore, growth parameters of patients who are
diagnosed with ASD should be scrutinized to investigate the potential of
generalized overgrowth in conjunction with HC as a possible early indicator of
ASD. Additionally, studies that can highlight and contribute toward early and
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equitable ASD identification in SA, as well as the betterment of ASD intervention
services, are encouraged to be conducted.

CONCLUSION

Autism is a lifelong, complex, neurodevelopmental disorder that impacts
socialisation, communication and behaviour. ASD is considered one of the most
expensive disabilities to diagnose (as agreed internationally), with intervention
and support structures being unaffordable to the majority of South Africans (61).
ASD prevalence has increased by 178% since 2000 and has no signs of abating
(4). Identifying ASD early on, and with surety, is imperative and can safeguard a
more favourable prognosis. The current study provided an invaluable insight and
understanding of the phenotype of ASD in a selected population attending a NDC
in Johannesburg, SA; which is currently lacking in literature. Our study found that
routinely measuring and interpreting HC measurements in individuals suspected
of having ASD can be a culturally-sensitive, non-invasive, cost-effective, time-
efficient assessment. Using the interpretation of this predictor as a tool to raise
suspicion of ASD can result in earlier diagnosis and thus prompt early
intervention services. In achieving this, the pathological processes underlying the
macrocephaly associated with ASD can be interrupted and mitigated by

therapeutic interventions aimed to optimise participation and social integration.
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