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EDITORIAL

On the prevalence and symptoms of adults with genetic
neurodevelopmental disorders and normal range intellectual
functioning: A case-based discussion

David Ward *1.2, Krishna Radhika Suresh *2

ABSTRACT @ OPEN ACCESS

Within the last twenty-five years, there has been an unprecedented increase in the number of known genetic
neurodevelopmental disorders (NDDs). While advancements in genomic testing have transformed the diagnosis of
NDDs, recognition in adults remains limited. Moreover, a subset of individuals with NDDs demonstrates normal-
range intellectual functioning, unrecognized by conventional testing methods. In this editorial, we present a series
of illustrative cases in which adults with complex multi-systemic histories were ultimately diagnosed with NDDs.
Despite preserved cognition and minimal dysmorphic features, genetic testing in these individuals frequently reveals
pathogenic variants, with direct implications for clinical management. This population challenges assumptions
regarding the cognitive penetrance of NDDs and suggests that current referral paradigms may miss affected adults.
Through these cases, we argue that current diagnostic approaches anchored to intellectual disability or overt
neurological deficits fail to capture a meaningful subset of affected adults. The aim of this article is to highlight
recognizable clinical features of this population, emphasize the utility of broader consideration of genetic testing,

and prompt increased awareness among adult medicine providers.
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Introduction
One of the greatest successes in medical genetics in the last twenty-five years has been in the diagnosis and subsequent

molecular characterization of neurological disorders. This began with the widespread use of chromosomal microarray
starting in the early 2000s which led to the realization that chromosomal microdeletions and microduplications are a far
more common cause of adverse neurological outcomes than would have been thought. In parallel, next generation
sequencing became increasingly effective and affordable over the last twenty years and at present time whole exome
sequencing (WES) or whole genome sequencing (WGS) are considered the appropriate first-line investigation for most
neurological complaints.3 Together, these tests have resulted in an explosive discovery of genetic conditions which is still
ongoing. Roughly half of the now approximately 7,100 currently known genetic conditions* are associated with adverse
neurological outcomes including cognitive, seizure, or mental health problems. The significance of this finding goes beyond
just the individual diagnosis. It revealed intellectual disability to not be a monolith but rather a mosaic of thousands of
rare conditions which appear similar from a macroscopic perspective. Similarly, a shared genetic architecture with
epilepsy and mental health outcomes was revealed suggesting a similar mosaic body of etiologies but with a cause-and-
effect relationship that appears to be more difficult to define. That is, most genetic neurodevelopmental disorders (NDDs)
confer a risk for intellectual disability of 90% or higher. Yet, while virtually all genetic NDDs confer increased risk for
seizures or adverse mental health outcomes as well, there are only a small fraction that result in seizure disorders with

high certainty (>80%) and very few which result in mental health disorders with such high certainty.

The burden of congenital neurodevelopmental problems in the general population is high. Intellectual disability and
epilepsy each affect approximately 1% of individuals and severe psychiatric conditions like schizophrenia and bipolar
disorder affect another 1-2%.5-¢ It is also known that at least 30% of individuals with intellectual disability, developmental
delay, or seizure disorders have a currently identifiable genetic neurodevelopmental disorder.””® This has led to the
widespread recommendation of using genome-wide genetic tests as an initial evaluation of neurodevelopmental

complaints in children.!-3

Despite the universality of neurodevelopmental problems in the general population, recommendation for and use of
genetic testing in different patient populations is inconsistent.’® Although medical genetics was not developed with a
specific focus on pediatric care, its practice became strongly dominated by pediatric practitioners in the second half of
the 20th century for reasons that are beyond the scope of this article. The result of this is now a general gap in knowledge
regarding the genetic etiology of health problems in adults. Compared to pediatric literature there is less published
information establishing the benefits and best use of genetic testing or documenting health outcomes in adults and
consequently there remains comparatively low knowledge regarding genetic NDDs in adult medicine.’’-13 But studies
which have been published regarding use in adults have found similar diagnostic rates as pediatric populations.’ Under-
diagnosis in the adult population is a significant health concern because genetic diagnosis can provide significant
improvement in treatment for patients most notably by identifying previously unrecognized health risks and informing
medication management.!5-1¢ As mentioned previously, genetic NDDs often establish a high certainty of subnormal full-
scale IQ (FSIQ) as an adult, but only the most severe conditions guarantee this outcome. For many neurodevelopmental
conditions, a small percentage of individuals achieve intellectual development in the borderline or normal range.'7-20 As
genetic testing for NDDs has become increasingly common, so has the detection of less severely affected patients.
Commonly, this occurs when a parent with mild or apparently no symptoms is diagnosed due to their child being evaluated

for neurodevelopmental problems.2! For some conditions, it is now known they are more likely to be inherited from a
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parent than to be a new variation in the patient.22 Notably, a large population-based study using UK Biobank data
demonstrated that individuals carrying rare deleterious variants in genes known to cause monogenic developmental
disorders exhibited milder but measurable phenotypic effects, including lower fluid intelligence, slower reaction times,
shorter stature, higher BMI, and significant socioeconomic disadvantages such as lower income and reduced likelihood of
employment.23 These findings support the concept that many genes routinely tested within pediatric genetics harbor
variants with intermediate penetrance that may cause lifelong subclinical phenotypes in the general adult population. As
our practice has made many such parental diagnoses over the years, we began to question whether two assumptions
regarding the prevalence of NDDs are correct. First, we observed that while many parents we identified with NDDs were
independently functioning adults, they were highly likely to have overall health that was poor compared to most
individuals. This led to the consideration of whether NDDs are an important cause of health problems in the general adult
population. Second, we began to question whether the risk for subnormal FSIQ associated with NDDs is spuriously high
due to ascertainment bias. Pursuant to these considerations, in our medical genetics clinic we have allowed for
exceptionally broad referral indications for adults including self-referral. As expected, we have evaluated many patients
for chronic, unexplained health problems that are often unusual or vague and for which there is little or no objective
evidence from diagnostic testing that a physiological problem exists despite a history of evaluations that are often
exhaustive in nature. While we do not offer blanket genetic testing for all individuals with this background because that
would be investigational, we have routinely offered testing based on the farthest extent of interpretation of existing
clinical standards. Examples of this approach would be initiating testing due to a history of a learning disability as
opposed to requiring intellectual disability or seizure-like activity as opposed to requiring a verified seizure. A non-
exhaustive list of historical elements frequently used to support testing are included in Table 1. Using this approach, we
have in fact achieved definitive diagnosis (meaning known pathogenic genetic variants were identified) of a
neurodevelopmental disorder diagnosis on a regular basis. Having done this, we have found that there are commonalities
between these individuals that shed light on a subpopulation of adults with NDDs that have normal-range intellectual
functioning (NDD-NRIF) that are presently overlooked and we provide the following brief case summaries to highlight

these observations.

TABLE 1
Neurological Developmental Mental Health

e  Seizure-like activity (including e  Specific learning e Pre-pubertal onset of
PNES*) disability mental health problems

e Abnormal EEG without seizure e Required developmental e Diagnostic uncertainty by

e Functional neurological disorder therapy as a child mental health provider

e Non-specific brain MRI e Early school withdrawal e Treatment-resistant™*
abnormalities due to performance e Severe mental health

e Persistent subjective sensory e Poor adaptive functioning problems***
disturbances

Historical elements that we believe suggest a potential neurodevelopmental disorder. These are select examples, are not
exhaustive, and the decision to test is individualized and based on overall judgement of the case.
*Psychogenic, non-epileptic seizure

**Defined as failure of response to at least three medications trialed for at least six weeks
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***Defined as requiring inpatient admission or requiring non-standard interventions such as ECT, Ketamine therapy, etc.

Case 1

A 30-year-old female was referred to the Medical Genetics clinic by her primary care provider due to concern for an
unusually high burden of chronic health problems for her age. Her past medical history was notable for fibromyalgia,
juvenile idiopathic arthritis diagnosed in childhood, chronic gastrointestinal complaints including gastroesophageal reflux
and irritable bowel syndrome, tremor, optic disc drusen, sicca symptoms, chronic insomnia, and longstanding psychiatric
diagnoses including anxiety, depression, and post-traumatic stress disorder. Prior psychiatric diagnoses of borderline
personality disorder, bipolar disorder, schizotypal personality disorder, and schizoaffective disorder had been given but
were rescinded by other providers. She additionally reported two episodes in the preceding year in which she lost
consciousness and awoke on the ground without warning or recollection of the event. She had been evaluated by a
neurologist, but treatment had not been initiated as confirmation of these episodes as epileptic events had not been
obtained. She had no prior genetic testing. On physical examination, she was without dysmorphic features [figure 1].
Chromosomal microarray analysis identified a pathogenic 16p11.2 deletion, establishing a diagnosis of 16p11.2

microdeletion syndrome.

At follow-up approximately two years later, several interval developments had occurred. Treatment with an anti-epileptic
medication was initiated after discussion with her neurologist regarding increased risk related to her neurodevelopmental
order. Treatment began with levetiracetam which was partially effective. She was later transitioned lamotrigine and has
remained event free for nearly a year at the time of writing. She also received a diagnosis of autism spectrum disorder
(Level 1). She continued to experience chronic daily joint pain involving multiple joints, with severity ranging from 2 to 7
out of 10, managed conservatively with heat and intermittent acetaminophen use. Despite her medical complexity, she

was living independently and working as a teacher’s aide.

Case 2

A 23-year-old female was referred to Medical Genetics for evaluation of a complex neurodevelopmental and
multisystem medical history. The referral was initiated following neuropsychological evaluation that diagnosed attention-
deficit/hyperactivity disorder (ADHD) and anxiety disorder. Autism spectrum disorder had been suspected by her

therapist but was not confirmed on formal testing.

Developmental history was significant for global delays, with motor and speech milestones achieved approximately 6—
12 months later than peers. She received speech therapy for articulation difficulties and had an individualized education
program (IEP) beginning in elementary school, initially for medical issues but also for academic accommodations. Cognitive
testing was reported as normal to above average, though later documentation described borderline intellectual

functioning.

Her medical history was notable for severe chronic colonic dysmotility of unclear etiology, present since infancy and
progressively worsening, ultimately requiring evaluation at a pelvic floor specialty clinic where complete dysregulation
of colonic muscular control was identified. She subsequently underwent colostomy and later abdominoperineal resection.
Additional medical problems included chronic abdominal pain, ADHD, anxiety disorder, likely obsessive-compulsive

disorder, left-sided conductive hearing loss, Raynaud phenomenon, asthma, myopia, bruxism, elevated cholesterol, and
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short stature relative to expected familial height. Sleep was poor due to pain. She had no prior genetic testing. On

physical examination, she was without dysmorphic features.

Given the combination of developmental delay, neuropsychiatric conditions, severe gastrointestinal dysmotility, hearing
loss, short stature, and multisystem involvement WGS was performed. Testing identified a heterozygous, de novo
pathogenic variant in INTS6 (c.1405C>T, p.R469* NM_012141.2) establishing a diagnosis of INTS6-related
neurodevelopmental disorder. At follow-up approximately six months later, her clinical status remained largely

unchanged, with persistent chronic abdominal pain as her most debilitating symptom.

Case 3

A 31-year-old was referred to Medical Genetics for evaluation of autism and a complex history of renal and
neuropsychiatric disease. He was initially referred by nephrology due to chronic kidney disease stage Il present
intermittently since approximately ten years prior to presentation. Developmental history was notable for autism
diagnosed in early childhood, delayed ambulation (walking at approximately two years of age), and later, speech
difficulties including stuttering. He experienced fine motor difficulties affecting writing but did not have significant learning
impairment and completed college. His medical history included chronic kidney disease stage Il with persistent hematuria
and proteinuria, migraine disorder beginning in adolescence (with frequent headaches and intermittent migraines),
asthma, chronic lower abdominal pain, and lactose intolerance. Psychiatric history was significant for depression,
generalized anxiety disorder, complex post-traumatic stress disorder, and chronic insomnia. He had a history of multiple
psychiatric medication trials with variable response. Ophthalmologic history included childhood surgery for a likely
strabismus-related alignment disorder and ongoing annual eye care. Family history was notable for a sister with
hematuria, kidney disease, and hearing loss, raising suspicion for a hereditary nephropathy. On physical examination

bilateral single palmar creases were noted.

His initial genetic testing as targeted for kidney disorders and established a diagnosis of autosomal recessive Alport
syndrome, explaining his history of renal failure and hearing loss. Given his neurodevelopmental history, WES was
subsequently performed which identified a pathogenic frameshift variant in ASXL1 (c.979_979+1insATAC,
p.G327Dfs*3), establishing a diagnosis of ASXL1-related Bohring-Opitz syndrome.

At his two-year follow-up, the patient reported a recent episode of acute neurologic symptoms characterized by transient

difficulty with movement and speech, which improved with lorazepam after emergency evaluation.

Case 4

A 26-year-old female was referred to Medical Genetics for evaluation of suspected hypermobile Ehlers-Danlos syndrome

(hEDS) in the setting of chronic joint pain and multisystem complaints. She had not undergone prior genetic testing.

Her medical history was notable for chronic joint pain beginning in adolescence, described as daily, sharp, burning, and
aching pain (4-5/10) affecting the hips, thumbs, and knees. Additional musculoskeletal history included congenital
bilateral radioulnar synostosis with limited elbow extension, mild cervical-thoracic scoliosis, leg length discrepancy
(previously prescribed a 6 mm heel lift), and a cervical disc herniation. Her history also included postural orthostatic

tachycardia syndrome (POTS), migraines occurring 2—3 times per week associated with dizziness and anxiety, and a
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prior concussion in 2016 with subsequent convergence insufficiency requiring corrective lenses. Neurodevelopmental
history included a pragmatic language disorder and suspected but unconfirmed autism. Psychiatric history included
anxiety and depression. Family history was notable for a mother with tachycardia, joint laxity, and POTS. On physical

examination dysmorphic features included high-arched palate and supernumerary nipple.

WES was pursued due to multiple musculoskeletal anomalies and identified a heterozygous de novo likely pathogenic
frameshift variant in CNOT1 (c.1542del, p.P515Lfs*33), establishing a diagnosis of CNOT1 -related neurodevelopmental
disorder. A maternally inherited variant of uncertain significance in KDMTA (c.58G>A, p.G20) was also identified and

was not believed to contribute to her phenotype.

At follow-up two years later, her symptoms were stable, with mild improvement in mood on vilazodone.

Discussion

Our practice considers adults with NDDs and NDD-NRIF to be a unique and underserved patient population that is likely
not exceptionally rare. These individuals face numerous challenges and until a time comes when genetic testing is used
uniformly in the general population, they represent a challenging population for physicians to recognize. We provide the

following observations regarding this patient population with the hope that it will increase awareness and detection.

Nearly all the patients who have sought genetic evaluation for vague or non-specific complaints have acquired a medical
history that is far more extensive than would be expected for the person’s age but is comprised mostly of diagnoses for
which there are no biomarkers or diagnostic proofs. Problem lists with twenty or more items are very common among
these referrals. A recurrent pattern of clustering within four major areas is observed: non-specific neurological complaints,
below average academic or adaptive functioning, treatment resistant psychiatric complaints, and chronic pain or fatigue.
The reader may refer to Table 1 for a list of the most reported items. Frequently, these patients report difficulty with
adaptive functioning and maintaining employment despite past evaluation that their cognitive function is normal or that

they have a normal FSIQ. However, FSIQs in the low-normal range (>1SD but <2SD below the mean) are more common.

The medical benefits of diagnosing neurodevelopmental conditions are well established. Genetic diagnosis has been
shown to result in direct changes to clinical management including cascade testing, medication changes, medical
surveillance, and specialty referrals. 15-16.24-25 |t is worth bringing to attention again that studies establishing this fact are
again biased towards pediatric populations and as such existing surveillance guidelines are often biased in the same
way.!0 The lifelong health manifestations of some of the most common NDDs such as Down syndrome and Turner syndrome
have been comparatively much better studied and are good examples that unique health issues continue to arise
throughout the lifetime. In Down syndrome, life expectancy has increased from 25 years in 1983 to 60 years in 2020,
and population-based studies have demonstrated markedly elevated risks for dementia (IRR 94.7), hypothyroidism (IRR
10.6), and epilepsy (IRR 9.7) compared to controls, necessitating lifelong surveillance including dementia screening
beginning at age 40.26-27 Turner syndrome is similarly associated with increased morbidity and mortality throughout the
lifespan, including congenital and acquired cardiovascular abnormalities, autoimmune disease, osteoporosis, metabolic
dysfunction, and neurocognitive challenges, requiring multidisciplinary lifelong management.28-29 1t is then likely that for

most genetic NDDswe are still unaware of the health risks for adults.
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Beyond the immediate medical implications, there remain very limited resources for the behavioral and mental health
support of these patients. Genetic NDDs are not a widely recognized diagnosis for adults. Given that these individuals
have normal range FSIQs, there is often confusion even among medical providers about the significance of their genetic
diagnosis. This is further complicated by the innate difficulty in assessment of adaptive functioning. It is very difficult for
most patients to achieve any type of physical proof of their cognitive dysfunction and providing a genetic diagnosis is

often met with confusion or skepticism among adult providers.

The psychological burden of remaining undiagnosed should not be underestimated. Research on patients with
undiagnosed diseases has demonstrated that the experience of living without a diagnosis is characterized by chaos,
frustration, and a persistent need to validate symptoms to providers, particularly when objective findings are lacking.3°
Patients presenting at centers for rare and undiagnosed diseases exhibit high rates of psychological distress, with
approximately 41% screening positive for depressive disorder and 28% for anxiety disorder.3! Conversely, receiving a
diagnosis—even one without a specific treatment—has been shown to bring relief, validation, and positive psychosocial
outcomes for the majority of patients and their families.32-33 Parents of children who received genetic diagnoses through
whole exome or WGS described benefits including ending diagnostic odysseys, reduced self-blame, and validation that
their concerns were "not just in our head."33 These findings underscore that a very common statement from patients with
NDD-NRIF—a vague sense that something is different about themselves compared to other people—reflects a genuine
psychological need that motivates continued medical evaluation. It is a strong reminder of the psychological impact that
undiagnosed disease has on patients, and it is often neglected that patients like these suffer by not having something

which is so common for others: a diagnosis.

Conclusion

In this discussion, we have argued that individuals with NDD-NRIF represent a unique and under-served patient population.
Systematic study of this patient population is exceptionally difficult for the same reasons. Identification of individuals is
difficult because while these conditions may not be exceptionally rare, they are also not extremely common, and it is
difficult to develop a reliable way to identify them based on symptoms. We believe that through observation we have
established a mostly objective constellation of symptoms consisting of mild childhood learning or developmental problems,
chronic non-specific neurological complaints, and chronic, often multiple psychiatric complaints with overall poor

independent functioning. However, further research is needed to verify if there is statistical validity to these observations.

Diagnosis of genetic NDDs is medically important as they may significantly change medical management such as by
identifying serious health risks before a critical event or guiding medication management. 15-16.24-25 There are also
psychological benefits to such a diagnosis. A very common statement from these patients is a vague sense that something
is different about themselves compared to other people and this belief motivates them to continue seeking medical
evaluations over time. It is a strong reminder of the psychological impact that undiagnosed disease has on patients, and
it is often neglected that patients like these suffer by not having something which is so common for others: a diagnosis.

We have published this article with the hope that it will improve provider’s ability to recognize these patients and refer
them for testing. Improved ascertainment will naturally lead to a better understanding of the effects of these conditions
across the lifetime and may potentially reshape our understanding of the impact genetic neurodevelopmental disorder

on cognitive function in the general population.
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