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This brief article gives a short overview of “comorbidity” in autism. The most common co-occurring disorders will be presented and discussed within the context of ESSENCE (Early Symptomatic Syndromes Eliciting Neurodevelopmental Clinical Examinations), a concept that provides a holistic perspective for neurodevelopmental disorders. The ESSENCE concept also considers the heterogeneous and changing clinical panorama of developmental disorders over time, and also the multifactorial etiologies, including so called behavioral phenotype syndromes. Aspects on behavioral interventions in autism are presented—interventions that need to be adapted and take into account all non-autism associated ESSENCE, including intellectual disability and Attention-Deficit/Hyperactivity Disorder (ADHD). The article also focuses on current research on pharmacological intervention based on the hypothesis of imbalance in excitatory/inhibitory transmitter systems in autism and some other ESSENCE.
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Introduction

Neurodevelopmental disorders (NDDs) (1, 2) is a broad term encompassing several early onset disorders with origin in the central nervous system (CNS), usually with a chronic course, and with impairments generally lasting into adulthood.

NDDs can be classified according to the main neurological/psychiatric/behavioral functions affected, such as motor disorders [cerebral palsy, developmental coordination disorder (DCD)], cognitive, executive function, and communication disorders [intellectual disability (ID), autism spectrum disorder (ASD), henceforth referred to as “autism”, attention-deficit/hyperactivity disorder (ADHD), and language disorder (LD)], and paroxysmal disorders (for example epilepsy).

They can also be grouped with regard to their definite or assumed period of origin, i.e., prenatal (before birth), perinatal (from birth to the completion of the first week or the 28th day of life) or postnatal (the period from birth up to the age of 1 year, or sometimes 2 years of age). Among the perinatally acquired disorders, two main groups encompass conditions in children born extremely preterm and in children born at term suffering hypoxic-ischaemic encephalopathy.

Yet another classification can be based on specific identified etiologies, including genetic/chromosomal abnormalities, a number of neurometabolic disorders, and acquired prenatal conditions, such as fetal alcohol spectrum disorder (FASD), and fetal valproate syndrome. Additional possible classifications include those based on presumed affected brain areas, and types of neural networks/circuits/transmitter system aberrations in the CNS.



Neurodevelopmental disorders

Although, the term “neurodevelopmental disorders” has a long history, it had not been included in previous editions of either the International Classification of Diseases (ICD) or the Diagnostic and Statistical Manual of Mental Disorders (DSM) (3).

According to the ICD-11 (2), NDDs are grouped within the section: “Mental, behavioral and neurodevelopmental disorders”. “Neurodevelopmental disorders” include (i) disorders of intellectual development, (ii) developmental speech or language disorders, (iii) autism, (iv) developmental learning disorders, (v) developmental motor coordination disorder, (vi) ADHD, (vii) stereotyped movement disorder, and (viii) a category labeled “other neurodevelopmental disorders”.

NDDs according to the DSM-5 (1) include the main categories (i) Intellectual disabilities, (ii) Communication disorders, (iii) Autism spectrum disorder, (iv) Attention-deficit/hyperactivity disorder, (v) Specific learning disorder, (vi) Motor disorders and (vii) Other neurodevelopmental disorders; with defined subcategories.



ESSENCE

The term ESSENCE, Early Symptomatic Syndromes Eliciting Neurodevelopmental Clinical Examinations, was coined by Gillberg (4). ESSENCE captures the early manifestations of NDDs that sometimes are unspecific, affecting motor, cognitive, communicative and social development, as well as sleep, feeding and temperament/behavioral regulation. The ESSENCE concept also emphasizes the very high rate of “comorbidities” and the changing presentations during early childhood and adolescence. The concept highlights signs of unspecific developmental deviations or delays, e.g., regarding speech and language and motor development. The importance of clinical follow-up to evaluate outcome and provide best-evidenced interventions is also underscored.

The ESSENCE concept includes the temporal and dynamic changes of developmental symptoms; early unspecific symptoms may become more evident and chiseled-out during the preschool and school years and later accord with a certain developmental diagnosis, a “named disorder”. ESSENCE underscores that a first recognized symptom or identified disorder need to be followed over time in a holistic perspective, taking into account all possible developmental/behavioral problems, and not over-focusing on one specific disorder only. With an “ESSENCE perspective in mind” the risk of diagnostic overshadowing, i.e., overlooking co-occurring problems in a child with e.g., autism or ADHD is minimized.

The ESSENCE concept highlights the variety of etiologies and emphasizes e.g., that the so called behavioral phenotype syndromes (BPS), very often present with neurodevelopmental/ESSENCE symptoms rather than as a physical phenotype/known genetic/medical syndrome. A common clinical scenario is a child later presenting a clear clinical picture of autism, or intellectual disability or ADHD (or combinations of these) with a first symptom/diagnosis being speech- and language delay or LD.

The ESSENCE umbrella also covers the many neurodevelopmental/neuropsychiatric symptoms/disorders that accompany traditionally defined neurological diagnoses, including epilepsy and cerebral palsy (see below).



Language disorder, autism and ESSENCE

A common first symptom or problem in young children, later diagnosed with a specific disorder within ESSENCE, is speech and language delay. The prevalence of language delay at the Child Health Center (CHC) screening at 2.5 years is about 10% and the prevalence of a diagnosed LD in Sweden is around 6% (5).

In a study by Miniscalco et al. (6), children who had screened positive for speech and language problems at age 30 months at their CHC were followed up and examined at age 6 and 7 years. The study revealed that children in the general population who screen positive for speech and language problems before age 3 years are at very high risk of autism or ADHD, or both, at 7 years of age. Remaining language problems at age 6 years strongly predicted the presence of neuropsychiatric or neurodevelopmental disorders at age 7 years.

Over the past 20 years, there has been increasing awareness of speech and language delay as a marker of many other NDDs/ESSENCE, e.g., ID, ADHD and autism. In a multidisciplinary study, investigating children attending preschool units—specifically aimed for children with language impairments, without any other diagnosed developmental disorders before referral—revealed that about 90% had additional developmental disorders (7). A follow-up of these children 10 years later showed that a large number had persistent language problems and/or met criteria for other NDDs or had subthreshold diagnostic symptoms; mild intellectual disability, borderline intellectual functioning, autism or “autistic traits”, ADHD or subthreshold ADHD and a large number had dyslexia (8).

In another follow-up study with the aim of analyzing the further development of children, 5 years after they had screened positive for LD and/or autism at 2.5 years, clinical registers covering all relevant outpatient clinics, were reviewed with regard to registered ICD-diagnoses. The study revealed that 40% of the cohort had remaining or other developmental problems at this follow-up. It was discussed that this rate most likely was a minimum frequency and that it was expected that more children would be referred for developmental problems later on (9).

Obviously, language delays/disorders in young children are often markers for other, later diagnosed NDDs, including ID, autism and ADHD; hence, teams responsible for assessments of children with language problems need to have a broad ESSENCE approach in order to provide best possible assessment and recommendation for interventions.

The ESSENCE panorama extends beyond early childhood. Children with LD will very likely experience difficulties in learning to read, and poor language may be a common risk factor for both reading disorder and mathematics disorder (10). Schoolchildren with autism may also exhibit comprehension difficulties and problems to access and select meanings of ambiguous words which compromise their language comprehension (11).



Autism, ADHD, ID, other neurodevelopmental and psychiatric comorbidities and ESSENCE

Comorbidities are extremely common in children with autism at all levels of intellectual functioning and language delay and language disorder are common predecessors of autism with and without associated ID, and with and without other ESSENCE.

In a meta-analysis (12), psychiatric comorbidity in children and adolescents with autism was studied with regard to ID, ADHD, anxiety disorders, sleep disorder, disruptive behaviors, bipolar disorder, depression, obsessive compulsive disorder and psychosis. The highest prevalence estimates were found for ADHD 26.2%, ID, 22.9% and anxiety disorders 11.1%. Conclusions from the study were that the frequency of psychiatric comorbidity in children and adolescents with autism is considerable and that there is a need for better targeted diagnostic tools to detect psychiatric comorbidity in children, youth, as well as adults with autism. The authors emphasized that this represents a major gap comparted to the time and careful attention given to diagnostic accuracy of autism itself. Young children (under age 5 years) with autism almost invariably have major “other/non-ASD problems” (13).

Comorbid ESSENCE was analyzed in a population-based group of more than 200 children with diagnosed autism between the ages of 20–54 months, referred to an autism center for early intervention (14, 15). The children's developmental profiles were assessed at start of intervention and after 2 years. The children were assessed in great depth by a research clinical neurodevelopmental team consisting of physicians, psychologists and speech and language pathologists. Regarding motor development, “only” 66% of the children had started to walk unsupported before age 15 months, and 23 and 11%, respectively had started between 15 and 18 months or after 18 months of age. Children in the autism group demonstrated a marked delay in the development of expressive vocabulary. The general cognitive level was crucial in this respect. At the time of the first assessment, 13% of the children had no words at all, 33% had a few single words and 54% either had a few communicative sentences or had some phrase speech with or without echolalia. ADHD was not diagnosed at this early age but 42% of the children were classified by their parents—and confirmed by the examining physician—as definitely hyperactive, 8% had an activity that was alternating between hyper- and hypoactivity, 3% were reported to be hypoactive, and 47% had an activity level within the normal variation (14). At the 2-year follow-up at ages between 4 and 6.5 years, half the group had clear ID in addition to autism and about 25% had borderline intellectual functioning, and 25% average intellectual functioning, respectively (15).



Autism, DCD and other ESSENCE

Motor and language impairments are common and closely related in young children with autism (16). In a study of schoolchildren with autism, assessments with a motor performance test and parental reports of the child's motor and language skills revealed that 85% had motor and/or structural language deficits in addition to their social impairment. A conclusion from the study was that co-occurring motor and structural language deficits should be anticipated and assessed in the evaluation process of children with autism. Such assessment can provide a basis for specific interventions that will complement those targeting social skills deficits and other autism core symptoms (17). Children with ADHD and “comorbid” DCD often have autistic traits, whereas children with ADHD, without DCD, often have major oppositional defiant behavior/disorders (ODD) (16).



Autism, epilepsy and other ESSENCE

Epilepsy is a common comorbidity in autism, occurring at increasingly higher rates with increasing age and is strongly linked to the co-occurrence of ID (18, 19). In some children with autism and epilepsy, the first manifestation has been infantile spasms. This variant of early onset epilepsy has in some cases proved to be linked to specific syndromes, such as tuberous sclerosis, neurofibromatosis type 1 and Down syndrome, all now known to have a strong association with epilepsy (20). The co-occurrence of epilepsy and other ESSENCE has been extensively studied (21). Prevalence rates of autism, ADHD and behavior difficulties in young children with epilepsy and in children without epilepsy showed that of those with epilepsy, 18% had autism, 40% hade ADHD and about 75% had behavioral difficulties. Thus, young children with epilepsy had a very high level of parent reported behavioral difficulties and a high risk for ADHD and autism, highlighting the need for comprehensive multidisciplinary assessments. Behavioral concerns were not greater than for other children with non-epilepsy related neurodisabilities with the exceptions regarding attention and mood. Epilepsy-related factors were not associated with child behavior, suggesting that seizures per se do not confer a unique risk for behavioral difficulties. The importance of early recognition of social deficits in children with epilepsy is an important aspect of the comprehensive management of this patient group (18, 19).



Regressive autism and catatonia

Most children with autism have shown mild or marked developmental problems from early childhood (20). However, in a subgroup of about 20% there is a reported developmental regression after a typical or a marginally delayed development extending to about 18–24 (30) months of age (22–24). Children with a regressive developmental trajectory, with or without autism, always need a careful neuropediatric work-up to investigate possible neurological diseases that may lead to developmental regression, taking into account possible treatable conditions (23).

A marked functional decline or a late regression with symptoms according with catatonia can occur in adolescents with autism after a relatively stable childhood. Common symptoms are obsessive and compulsive rituals, speech regression, motor abnormalities including posturing, aggression and mood disturbance. Catatonia has been reported to be a common cause of late regression in individuals with autism (25). Although the etiology is unknown, disrupted gamma-aminobutyric acid has been proposed as the underlying pathophysiological mechanism. Key symptoms can be identified under 3 clinical domains: motor, speech, and behavior. Benzodiazepines and electroconvulsive therapy are the only known effective treatments (26).



Autism, cerebral palsy and ESSENCE

A total population of school-age children with cerebral palsy were assessed with regard to the rates of autism and ADHD and the relationships between these disorders and motor function, ID, and other associated impairments. The study showed that 45% of the children met criteria for autism, ADHD, or both. ID was present in 51%. Two-thirds had autism, ADHD, and/or ID. It was concluded that autism and ADHD were common in this population of children with cerebral palsy and mainly independent of motor severity and cerebral palsy type. The strongest predictor of autism/ADHD was ID. Assessment for autism and ADHD is warranted as part of the evaluation in cerebral palsy in both term and preterm born children (27, 28).



Autism, ESSENCE and underlying etiologies, including behavioral phenotype syndromes

Every young person diagnosed with a neurodevelopmental disorder needs a medical evaluation. In children without specific complications indicating perinatal or postnatal adverse events, the etiology is most likely prenatal. Among the prenatal etiologies, there are chromosomal/genetic as well as acquired causes. A detailed history from parents, supplemented with data from records and an examination of the child will provide guidance for specific medical examinations. In children with autism, a specific medical/etiological diagnosis will be clinically established in about 20% of the cases and is more often identified when the child has concomitant ID (29).

There are several sex chromosome trisomies—XXX, XXY, and XYY—that are associated with autism (30). The most well-known syndrome due to an autosomal trisomy is Down syndrome, which is the most common, identified single cause of ID. Down syndrome, occurs in about 1/800 newborns. In 2001, Rasmussen et al. reported autistic disorders in Down syndrome (31). In a recent population-based study, 42% of children with DS also met criteria for autism. An important minority (34%) met criteria for ADHD (32).

There are many other behavioral phenotype syndromes with identified prenatal etiologies, mostly genetic but also prenatally acquired. Genetically defined behavioral phenotype syndromes include syndromes that have an identified genetic mutation; FragileX syndrome, Rett syndrome, Tuberous sclerosis and Neurofibromatosis type 1, to mention a few conditions for which the ESSENCE symptoms may precede the diagnosis of the genetic disorder (13).

Through extensive genetic research, a number of causes of neurodevelopmental disorders, including autism and other ESSENCE have been clarified and more than 1,500 genes associated with conditions such as ID and autism have been identified (33). These NDD genes are distributed over all chromosomes on autosomes, on the X chromosome, and a few on the Y chromosome and on the mitochondrial genome (33).

ESSENCE symptoms always need to be evaluated with regard to etiological and pathogenetic factors. Among these, genetic factors predominate. The heritability and genetic architecture of autism is complex and the genetic risk for autism is shaped by a combination of rare and common variants and thus the genetic susceptibility to autism can vary from one individual to another (34).

In a Swedish study, parents of all 9- and 12-year-old twin pairs born between 1992 and 2000 were interviewed regarding autism spectrum disorders and associated ESSENCE. Concordance rates and structural equation modeling were used for evaluating causes for familial aggregation and overlap across diagnostic conditions. A high comorbidity was found across the different ESSENCE neuropsychiatric disorders, and the data suggest that genetic effects are of major importance for this comorbidity (35).

Genetic disorders are variably expressive, in that the children with the same variant may show severe features while carrier parents show mild features. For example, in the assessment procedure of a boy with specific ESSENCE symptoms, including autism, an underlying condition may be an inherited Fragile X condition with a full mutation, while the mother has a premutation with no or a very mild cognitive/executive dysfunction (36).

By using chromosomal microarray analysis, a high resolution chromosomal technique to detect submicroscopic chromosomal rearrangements smaller than 100 kb, an increased prevalence of copy number variants (CNVs) and single nucleotide variants (SNVs), affecting genes, have been reported in patients with autism. Several recurrent CNVs have been associated with autism, reaching genome-wide significance, such as duplications at 15q11-13, deletions/duplications at 16p11.2 and 22q11.2 and 11q24.2-25 (37, 38).

There are several syndromes related to copy number variants, such as deletions and duplications. The 22q11 deletion syndrome occurs in about [image: image],000 newborns and gives rise to many symptoms of varying severity. There is a high incidence of cardiac malformations, cleft palate, velopharyngeal insufficiency and immune deficiency due to hypoplasia or aplasia of the thymus. The syndrome can be inherited or occur as a new deletion. Cognitive symptoms within ESSENCE are common and mostly relatively mild; mainly autistic features, ADHD and mild intellectual disability (39).

Among the prenatally acquired syndromes, fetal alcohol spectrum is the most common and related to the fetus' alcohol exposure (40, 41). Common ESSENCE symptoms in these children are ADHD, mild intellectual disability and autism. Genetic aspects, e.g., ADHD-heredity, may also be involved.

An association between congenital hypothyroidism/hypothyreosis, i.e., thyroid hormone deficiency present at birth, and autism was reported 30 years ago (42). Newborn screening programs have led to earlier diagnosis and treatment, resulting in improved neurodevelopmental outcomes (43).

Another prenatal acquired syndrome that may cause autism and other ESSENCE is caused by a cytomegalovirus infection (CMV). The infection can be identified through analysis of the CMV DNA from the dried blood spots from the newborn metabolic screening. Congenital CMV is one of the many etiologies underlying autism and a rate of 3% of congenital CMV has been found in children with autism with intellectual disability (44).

Warrier et al. (45) have highlighted the considerable phenotypic heterogeneity in autism and emphasized that deeper phenotypic characterization will be critical in determining how the complex underlying genetics shape cognition, behavior and co-occurring conditions in autism.

Extremely preterm birth (i.e., birth occurring before a gestational age of 27–28 weeks) infers a much increased risk for ESSENCE. Follow-up studies conducted in the preschool years, school age and adolescence, and adulthood point to an increased risk for inattention, socio-communicative problems and emotional difficulties in individuals born extremely preterm (46).

In a follow-up of children born before a gestational age of 24 weeks, 75% had neurodevelopmental disorders, including speech disorders (52%), ID (40%), ADHD (30%), autism (24%), visual impairment (22%), cerebral palsy (17%), epilepsy (10%) and hearing impairment (5%). The majority also had other specific medical diseases, such as asthma (63%) and failure to thrive/short stature (39%) (47).



Autism and behavioral intervention, the role of ESSENCE

In a systematic review by Howlin and her group of early behavioral interventions for children with autism, the authors formulated a conclusion that fits well with the concept of ESSENCE: “Assessing what treatments work for which children and identifying the individual characteristics that predict responsiveness to specific programs and approaches, are the challenges that lie ahead (48). The latest Cochrane systematic review of Early intensive behavioral intervention (EIBI) for young children with autism (49) emphasized that early intensive behavioral intervention (EIBI) is one of the more frequently used interventions, delivered for many years for autism, often at an intensity of 20–40 h per week, and based on the principles of applied behavior analysis (ABA). Conclusions from this Cochrane systematic review were that there is only weak evidence that EIBI may be an effective behavioral treatment for some children with autism and that additional studies using rigorous research designs are needed to make stronger conclusions about the effects of EIBI for children with autism. Among implications for research, the authors mentioned that individuals with autism are diverse in their symptom presentation and vary greatly in cognitive functioning level (for example, from severe intellectual disability to well-above average intelligence) and that comparative effectiveness studies are needed to determine if EIBI is more effective than other active treatments recommended for children with autism.

The conclusions from the Cochrane review were consistent with those by Frans et al. (50) discussing that while many early interventional approaches have an impact on child outcomes, study heterogeneity and quality had an impact on our ability to draw firm conclusions regarding which treatments are most effective.

In a study of clinical predictors for outcome of behavioral interventions in children with autism, the child's general intellectual level was the most important single predictor. Cognitive level at start of intervention (dichotomized into IQ < 70 and IQ≥70) made a unique and statistically significant contribution to outcome prediction. The findings have significant clinical implications in terms of prognostic information given to parents at the time of clinical diagnosis and when planning intervention for preschool children with autism (51).

Early interventions in children with autism need an individual approach, focusing on improving the child's communicative abilities, social interaction and everyday functioning and measures have to consider the child's total clinical presentation, beyond autism and include also other problems/disorders under the ESSENCE umbrella. In a prospective, naturalistic study of more than 200 young children, half of whom with ID, effects on adaptive functioning of early intervention—intensive or non-intensive—were analyzed after 2 years. It was found that there was no significant difference between the intensive and non-intensive groups. The data did not support that children with autism generally benefit more from the most intensive ABA intervention programs than from less intensive interventions or targeted interventions based on ABA. Other ESSENCE, especially ID, need to be considered in the intervention planning approach (15).



Autism and pharmacological treatment

There is no Food and Drug Administration (FDA) approved pharmacological treatment for the core symptoms of ASD. Risperidone, a second-generation antipsychotic, was the first drug approved by the FDA to treat autism-related irritability and aggressiveness (52).

Research from both animal autism models and human subjects indicates that deficits in GABAergic signaling, may contribute to the symptoms found in patients with autism (53, 54). The mechanism is related to higher chloride levels in immature neurons, leading to paradoxical excitatory actions of GABA (55). Bumetanide a selective NKCC1 chloride importer antagonist, has been reported to alter synaptic excitation-inhibition (E-I) balance by potentiating the action of γ-aminobutyric acid (GABA), thereby attenuating the severity of autism symptoms in animal models (56). The first study with bumetanide in children with autism included five children and showed significant improvements on core autistic symptoms (55). Following randomized controlled trials, including larger patient groups have also reported improvements of core autism symptoms (56–58). However, the study by Sprengers et al. (59) did not show an effect on the primary outcome of broad autism symptomatology, but suggest efficacy of bumetanide on the secondary outcome measure, repetitive behaviors in a subset of patients. These findings highlight the complexity of autism heterogeneity in trial research and the necessity of inclusion of functional brain measures to understand treatment effect variability and to develop stratification markers (59).



ESSENCE in adulthood

Most disorders under the ESENCE umbrella persist into adulthood, but for some individuals full symptom criteria are no longer met in adult life. On the other hand, not all children with an ESSENCE disorder are diagnosed during childhood and individuals diagnosed with for example anxiety and depression as adults may have underlying ESSECE disorders, such as ADHD and/or autism. Thus, an underlying ESSENCE disorder is common among patients in adult psychiatry and should always be considered (13).



Summary and conclusion

NDDs/ESSENCE of different types are common (affecting at least one in ten of all children), occur mostly in combinations, have different severities, numerous etiologies, and have effects on outcome during childhood and adolescence (and adulthood). Early symptoms in children with autism may be related to motor development, speech, language and communication and to regulatory problems, including sleep, feeding and emotional regulation. All levels of co-occurring ID have an impact on outcome in children with autism, receiving early intensive behavioral intervention. Some “comorbid” disorders/problems are not always evident before school age, but will become evident later during the school years. Identification, assessment in a multidisciplinary team, including a medical work-up, adapted interventions, parental psycho-educational support and follow-up through childhood and adolescence are key aspects for the child's overall development and health.
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