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Abstract

Neurologic disorders include a diverse display of conditions that hinder cognitive,
sensory, and motor functions, significantly contributing to global health and economic
challenges. These disorders may be neurodevelopmental, neurodegenerative, or acquired over
a person's lifetime, and their effects are frequently associated with psychological, social, and
financial difficulties. This paper offers a scoping review of the current knowledge regarding the
etiology, diagnosis, and prevention of neurologic disorders, highlighting the critical nature of
early detection and intervention. Genetic and environmental factors, such as chromosomal
abnormalities, exposure to teratogens, malnutrition, and hypoxic or anoxic birth events,
contribute to the development of these disorders. Progression in diagnostic methods, including
biomarker identification, neuroimaging techniques (e.g., MRI, PET, EEG), and genetic testing,
has facilitated earlier and more accurate diagnoses, enhancing treatment and disease
management. Preventative measures, such as lifestyle changes, folic acid supplementation,
prenatal screenings, and, in certain instances, fetal surgery, have shown positive potential in
reducing disease severity or preventing its development.

Introduction

Neurologic disorders are conditions that affect the nervous system, including the brain,
spinal cord, and peripheral nerves. There are hundreds of disorders that can impact cognitive,
motor, and sensory functioning. These disorders can be neurodevelopmental, such as autism
spectrum disorders and cerebral palsy, neurodegenerative, such as Alzheimer's disease and
Parkinson's disease, or occur across the lifetime, such as brain injuries, epilepsy, multiple
sclerosis, and migraines.

Worldwide, around 3 billion people are impacted by these disorders, and their prevalence
is expected to grow exponentially in low to middle-class countries over the next ten years.
Consequently, neurologic disorders represent a significant portion of the worldwide health
burden. This health burden comes not only directly from the diagnosis and management of
neurologic conditions but also from the psychological and social consequences of chronic
illness. Psychosocial factors such as mood, cognition, and interpersonal relationships are often
negatively affected. For example, neurodegenerative conditions are often associated with higher
rates of depression and anxiety. Traumatic brain injury and Huntington’s disease can lead to
mood instability, including increased irritability, anger, or sudden mood swings. Chronic pain,
memory loss, reduced mobility, language impairment, and communication difficulties are just a
few of the cognitive and physical burdens resulting from these disorders. In addition to the
personal health burden, neurologic disorders pose a significant economic burden worldwide.
The economic burden comes through the costs of diagnosis and ongoing management and
treatment, including medications and various therapies. The loss of productivity and income due
to disability or decreased work capacity further worsens the financial strain on individuals and
their families. For example, the average annual cost of ALS care can exceed $143,000, often
forcing families to rely on savings or fundraising.

Thus, it is of the utmost importance for these disorders to be detected early to maximize
the potential for prevention and treatment. Neurologic disorders are typically diagnosed through
a comprehensive evaluation that includes a detailed medical history, physical and neurologic
examination, and diagnostic tests, including bloodwork and neuroimaging. The purpose of this
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paper is to explore, through a scoping review, which diagnostic methods and biomarkers can be
used for the early detection of neurologic disorders. Subsequently, we will explore how using
these tools can minimize the impact of these devastating disorders. To begin this review, we will
describe the etiology of these disorders and later how to prevent and minimize the subsequent
impact.

1. How do these disorders happen/etiology (causation)?
netic F r

Genetic factors play a key role in the development of neurologic disorders. The most
genetically linked neurologic disorders include: Huntington’s disease, Parkinson’s, ALS, and
Alzheimer's. Humans have 23 pairs of chromosomes, and each pair is inherited from both
mother and father. Through genetic translation and transcription, proteins are produced from the
genetic code located on the chromosomes. Proteins form the internal machinery within brain
cells and the connective tissue between brain cells. They also control the chemical reactions
that allow brain cells to communicate with each other. Some genes make proteins that are
important for the early development and growth of the infant brain. For example, the ASPM
gene makes a protein that is needed for producing new nerve cells (or neurons) in the
developing brain.

Chromosome abnormalities, including deletions, duplications, and translocations of
genetic code have frequently been linked to genetic neurologic disorders. These mutations
result from abnormalities in the DNA replication process. Proteins with incorrect genetic code
either misfold or transform into a different protein, thus altering their intended purpose. Deletions
are the loss of one nucleotide in a base pair and can result in the development of genetic
disorders, such as cystic fibrosis. Two-thirds of cystic fibrosis cases, as well as the cat cry
syndrome, in which children have a cry that sounds similar to a cat meowing, result from a
deletion of a nucleotide during replication. Duplications are when one or more sections of DNA
are produced. Overproduction of protein overwhelms the normal cellular activity, and
underproduction leads to deficiencies that impair biological functions. For example, in the
Charcot-Marie-Tooth disease, a duplication of the PMP22 gene causes overproduction of myelin
protein, which disrupts nerve signaling and leads to muscle weakness and sensory loss. Spinal
muscular atrophy (SMA) results from a deletion or mutation in the SMN1 gene, leading to
underproduction of the SMN protein, which is vital for motor neuron survival and causes muscle
weakness. A malfunctioning or altered protein can make biological systems more prone to
degradation. For example, in cases of Alzheimer’s disease, the buildup of misfolded
amyloid-beta proteins forms plaques in the brain and hinders brain function. Mutations in genes
like ASPM can trigger immune responses and inflammation in the brain, contributing to
conditions like microcephaly and affecting overall brain size and function.

These disorders can be passed down from either parent and can persist through each
generation (dominant) or skip generations (recessive). These dominant and recessive disorders,
along with others such as polyploidy and X-linked conditions, can have various inheritance
patterns. For example, mitochondrial diseases are inherited maternally. Since mothers typically
pass on organelles to their offspring, including mitochondria, mutations in the mitochondrial DNA
can lead to disorders that affect cellular energy production, such as Leigh syndrome or MELAS.

Environmental factors:
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Prebirth environmental factors

Prebirth environmental factors, particularly teratogens, play a significant role in the
development of neurologic disorders during fetal development. Teratogens are substances or
conditions that can cause developmental malformations or functional deficits in a developing
fetus and include drugs, medications, chemicals, certain infections, and toxic substances
consumed by the mother during pregnancy or exposed to a developing fetus. One notable
example is alcohol, which can lead to Fetal Alcohol Syndrome (FAS). FAS can cause abnormal
facial features, reduced head and brain size, and various physical and behavioral disabilities.
Medical consensus indicates there is no safe level of alcohol consumption during pregnancy.
Teratogens can also increase the risk of miscarriage, preterm labor, or stillbirth.

A developing fetus can also be exposed to infection through its mother. This occurs
through a process called vertical transmission, where a pathogen is passed from the mother to
the fetus via the bloodstream and through the placenta. Emerging evidence suggests that a
broader range of viral and bacterial infections during pregnancy can subtly alter fetal brain
development, potentially leading to disorders like schizophrenia, autism spectrum disorder, and
depression. Additionally, subsequent studies in humans and mouse models linked prenatal
exposure to single pathogens, complex infections, and inflammatory disorders with changes in
fetal brain development leading to a wide spectrum of cognitive deficits and neuropsychiatric
disorders, including autism spectrum disorder.

Another factor surrounding birth that has correlation to the development of neurologic
disorders is premature birth. If a baby is born too early, their brain may not be fully developed.
The brain undergoes significant development during the third trimester of pregnancy, and if
premature infants are born before this critical period is complete, their brains are more
susceptible to injury and damage. Although in most cases, the cause of premature birth is
unknown, it may occur due to infections, pregnancy complications that require early induction of
labor, or other maternal stress. While neurologic syndromes are not commonly associated with
all preterm births, more common symptoms/effects include: smaller size, with a head that's large
compared with the body, features that are sharper and less rounded than a full-term baby's
features due to a lack of cells that store fat, low body temperature, trouble breathing, and
feeding problems. In the case where neurologic disorders develop, premature birth exposes the
developing brain to external stimuli that differ drastically from the in-utero environment, making
key neural cells like oligodendrocyte precursors and neurons highly vulnerable to stress,
infection, and malnutrition. This vulnerability contributes to brain injuries such as periventricular
leukomalacia, which can disrupt critical neural connections, reducing brain size, and lead to
abnormalities in brain organization. Additionally, the fragile blood vessels in the brains of
premature infants are prone to rupture, leading to bleeding in the ventricles.

Neurologic disorders can develop as a result of hypoxic or anoxic events that occur
during birth or delivery. Anoxia refers to a complete cutoff of oxygen to the brain for a period of
time, while hypoxia occurs when oxygen levels are restricted, but some oxygen flow is still
present. One common cause of oxygen deprivation is umbilical cord complications. This can
include prolapse, when the umbilical cord moves out of place; compression, when pressure is
applied to the umbilical cord, restricting blood flow; and nuchal cord, when the umbilical cord
wraps around the baby’s neck. When the oxygen supply to the brain is disrupted, it can affect
the entire body.

If a doctor suspects that a newborn has been deprived of oxygen at birth, the Apgar
score becomes a crucial assessment tool. The Apgar score evaluates a newborn’s overall
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health within its first five minutes, based on factors such as skin color, reflexes, muscle tone,
breathing, and heart rate. For newborns with a low Apgar score, immediate intervention is
crucial to limit systemic neurologic damage. In addition to an Apgar score, doctors can monitor
newborns for signs of oxygen deprivation by evaluating whether the baby presents with weak
reflexes, poor muscle tone, or seizures. Infants with mild brain injuries due to restricted oxygen
supply often respond well to treatment and recover without complications. However, moderate to

severe brain injuries can have long-term effects on a child’s developing brain and body,
potentially leading to neurologic disorders such as cerebral palsy, autism, and seizures.
Cognitive and behavioral issues, including ADHD, learning disabilities, and lower IQ scores,
may also arise. Additionally, developmental delays in speech, motor skills, and nutritional
deficiencies due to feeding difficulties can occur. The most effective way to prevent
oxygen-related injuries is through close monitoring of both mother and child during pregnancy

and delivery. Any signs of distress should be
addressed immediately, and if complications arise,
healthcare providers should act promptly to ensure
the best possible outcome for the newborn.

Lifestyle factors such as malnutrition, poor
diet, and lack of physical activity all contribute to
the development of neurologic disorders as well.
Essential nutrients like omega-3 fatty acids, iron,
and B vitamins are critical for brain development
and function. If an individual is unable to consume
these nutrients regularly through meals and
supplements, they may be more prone to
developing neurologic disorders. Deficiencies can
lead to cognitive impairments, delayed
myelination, and an increased risk of
neurodevelopmental disorders such as ADHD and
learning disabilities. Physical movement promotes
neuroplasticity, brain oxygenation, and
myelination. Nutrient levels, influenced by factors
like illness, malnutrition, or supplementation, are
essential for the nervous, cardiovascular, and
immune systems, and any imbalances can lead to
various clinical effects. An example of a disorder
caused by malnutrition is Wernicke’s
encephalopathy, a neurologic disorder caused by
thiamine (vitamin B) deficiency and typically
associated with anorexia nervosa and alcohol use
disorder. Another example is scurvy, caused by
vitamin C deficiency, which can lead to neurologic

Figure 1. Risk Factors for Dementia (Lancet, 2024)

Risk factors for dementia— 2024 update

The 2024 update to the standing Lancet Commission on dementia prevention,
intervention, and care adds two new risk factors (high LDL cholesterol and vision loss)
and indicates that nearly half of all dementia cases worldwide could be prevented or
delayed by addressing 14 modifiable risk factors.
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complications such as irritability, depression, and neuropathy, alongside its effects on connective
tissue and immune function. Thiamine is crucial for several neuronal metabolic processes, and
its depletion can result in neuronal cellular death and pathological lesions in various regions of
the brain. Along with a lack of proper nutrition, an inactive lifestyle, especially in early childhood,
may slow motor development and cognitive function and increase the risk of obesity,
cardiovascular disease, type 2 diabetes, osteoporosis, and neurodegenerative disorders such
as Alzheimer's disease later in life. In addition, physical inactivity inhibits neurogenesis (the
formation of new neurons) by reducing circulation and the availability of growth factors, which
are crucial for brain cell growth and repair.

Improving vascular (heart) health is the most effective method for promoting brain health.
The brain relies on a constant supply of oxygen and nutrients delivered through the
bloodstream. Any condition that affects the heart and blood vessels such as hypertension
(chronically elevated blood pressure), atherosclerosis (the buildup of fats, cholesterol, and other
substances in and on the artery walls), or Type 2 diabetes mellitus (a chronic metabolic
condition characterized insulin resistance due to hyperglycemia) can impair cerebral blood flow,
increasing the risk of cognitive decline and neurologic disorders.

A significant number of modifiable risk factors for dementia are vascular risk factors,
meaning that improving heart health can also protect cognitive function (See Figure 1). Some
key vascular risk factors that contribute to dementia include high blood pressure, which
damages small blood vessels in the brain and increases the risk of stroke, as well as high
cholesterol, which leads to plaque buildup in arteries, reducing blood flow to the brain. These
risk factors are modifiable through lifestyle changes, and managing them can significantly
reduce the likelihood of developing neurodegenerative diseases like the ones mentioned earlier.
To improve heart health through lifestyle changes, it is important to focus on a heart-healthy diet,
engage in regular physical activity, maintain a healthy weight, abstain from smoking, manage
stress, and get enough sleep. Prioritizing fruits, vegetables, and whole grains while limiting
sodium can lower blood pressure and cholesterol, as these foods are rich in nutrients and fiber.
Also, the CDC and the Physical Activity Guidelines for Americans recommend that individuals
should get at least 30 minutes of exercise at least five days a week (150 minutes a week) in
order to improve overall health. After reviewing methods for early detection of neurologic
disease, this paper will continue to explore preventative measures that individuals can take in
the future.

2. Diagnosis, Methods, and Biomarkers For Early Detection

The first step in preventing or limiting the effects of neurologic disorders is early detection
and timely diagnosis. Diagnosis for rare neurologic disorders can often take time, with some
individuals seeing multiple providers and waiting years for a definitive diagnosis. In recent years,
differential diagnosis has been aided by advancements in the fields of biomarkers,
neuroimaging, and karyotyping.

Biomarkers are measurable biological indicators such as proteins, genes, or imaging
patterns that signal the presence or progression of a disease. They can be detected through
blood tests, genetic analysis, saliva, or neuroimaging, helping identify individuals at risk for
neurologic disorders before symptoms arise. Biomarkers can be detected both in vitro and after
birth. In vitro biomarkers for neurologic disorders are molecules or substances detected inside
or outside the fetus’ body, like blood, amniotic fluid, or cerebrospinal fluid (CSF). These can
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indicate the presence, severity, or progression of a neurologic condition. For example, amniotic
fluid can be tested for neurologic disorders such as neural tube defects or developmental
disorders like Down Syndrome or Fragile X Syndrome. Biomarkers drawn from blood after birth
can include biological fluids like blood, urine, and cerebrospinal fluid (CSF; fluid that circulates
around the brain and spinal cord) and can provide valuable diagnostic information. Biomarkers
help in identifying at-risk individuals, reducing disease variability in clinical studies, tracking
disease progression, and serving as targets for clinical trials. The implementation of biomarkers
able to detect amyloid and tau proteins in CSF has facilitated an earlier and more accurate
diagnosis of Alzheimer's disease.

Additionally, advances in neuroimaging techniques have proven to be essential in early
diagnosis, treatment monitoring, and improving our understanding of neurologic disorders.
Neuroimaging refers to a variety of techniques used to visualize either the structure or
function/activity of the brain and nervous system. This allows scientists and doctors to see
inside the brain non-invasively, which can aid in medical diagnosis, surgical planning, research,
and treatment monitoring. Table 1 provides an overview of some common neuroimaging

techniques.

Table 1. Neuroimaging Techniques

Imaging Brief description | Neurologic Pros Cons
Technique disorders that
benefit from
neuroimaging
biomarkers
MRI Uses magnetic Brain tumors, High-resolution Expensive, slow,
fields and radio | multiple sclerosis | images, no not suitable for
waves to (MS), stroke, radiation, some patients
produce detailed | traumatic brain excellent soft with metal
images of brain | injury (TBI), tissue contrast implants or
structures. Alzheimer's claustrophobia
disease
CT Uses X-rays to Stroke, head Fast, widely Radiation
produce trauma, available exposure, less
cross-sectional hydrocephalus, detailed soft
images of the brain tissue contrast
brain. hemorrhages than MRI
PET Uses radioactive | Alzheimer’s, Detects early Expensive,
tracers to detect | Parkinson’s, functional involves
metabolic and epilepsy, brain changes, good radiation, limited
molecular brain | tumors for tracking availability
activity. disease
progression
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fMRI Measures brain | Epilepsy, brain Non-invasive, Sensitive to
activity by mapping before | shows real-time | motion, slower
detecting surgery, stroke brain function, than EEG,
changes in blood | recovery, high spatial indirect measure
oxygen levels. depression resolution of neural activity

EEG Measures Epilepsy, sleep High temporal Poor spatial
electrical activity | disorders, resolution, resolution,
in the brain using | encephalopathy, | portable, limited depth
scalp electrodes | brain death non-invasive, detection,

diagnosis inexpensive sensitive to
noise

Table 1 Legend. MRI = magnetic resonance imaging, CT = computed tomography, PET =
positron emission tomography, fMRI = functional magnetic resonance, EEG =
electroencephalogram

Another way we can prevent the impact of neurologic disorders is through the analysis of
genes and karyotyping to look at a patient’s chromosomes. As described above, neurologic
disorders can stem from mutations in genes, so analyzing genetic makeup throughout
numerous stages of life can be beneficial. By identifying these mutations early, during stages
like parental screening, in vitro fertilization, or postnatal testing, we can enable early
interventions, lifestyle planning, and treatments that delay progression of the disease.
Karyotyping is a diagnostic technique that pairs and orders all the chromosomes in a genome,
allowing doctors to detect large-scale genetic abnormalities such as aneuploidies (ex. trisomy
21), deletions, duplications, translocations, and inversions. By using standardized staining
procedures to highlight structural features, karyotypes provide valuable insights into birth
defects and genetic disorders. Genetic testing, on the other hand, can detect smaller mutations
in individual genes. Table 2 presents some notable advantages and limitations of different
methods of genetic testing and karyotyping.

Table 2. Advantages and Limitations of Genetic Testing Methods.

Method Description Advantages Limitations
Karyotyping Visual examination of | - Low cost - Cannot detect small
stained - Detects large mutations (<5-10
chromosomes to chromosomal Mb)
identify large-scale abnormalities (e.g., - Lower resolution
chromosomal trisomy 21) than molecular
abnormalities, - Widely available methods
deletions, - Wide view of
duplications, or genome
rearrangements.
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Non-Invasive
Prenatal Testing

Sequencing of the
entire DNA to detect
mutations in both
coding and
non-coding regions.

- Comprehensive
detection of known
and new mutations
- High resolution

- Data can be
reanalyzed later

- High cost

- Longer turnaround
time

- Requires advanced
interpretation

- May detect
incidental or
uncertain findings

Whole Genome
Sequencing

Analyzes cell-free
fetal DNA in maternal
blood to screen for
common
chromosomal
abnormalities.

- Safe and
non-invasive

- Can be done as
early as 10 weeks
- High accuracy
(>99%) for trisomy
21,18, and 13

- Reduces anxiety
with early, reliable
results

- Positive results
require confirmation
(e.g., amniocentesis)
- Limited to common
conditions

- Small risk of false
positives/negatives

- High cost and
health insurance may
not pay for it if the
pregnancy is
considered low-risk

Ultrasound Imaging
(NT & Anatomy
Scans)

Non-invasive imaging
using sound waves to
visualize internal
structures such as
organs, nerves, blood
vessels, and fetal
anatomy.

- No ionizing radiation
- Portable and
real-time guidance

- Visualizes nerves
and vessels

- Improves the safety
and accuracy of
procedures

- Useful in pediatrics
- Faster onset and
longer duration of
nerve blocks

- Lower resolution at
greater depths

- Bone blocks
imaging

- Operator-dependent
and requires training
- Limited in detecting
genetic or molecular
issues

Fetal Surgery

In-utero surgical
procedure to correct
select structural
abnormalities before
birth.

- Can improve
long-term outcomes
- Prevents further
fetal damage

- Increases chances
of survival in severe
conditions

- Enhances organ
development in some
cases

- High maternal and
fetal risk

- Preterm labor,
membrane rupture,
bleeding, infection

- Requires
specialized surgical
teams

- Only for specific,
severe conditions
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Folic Acid
Supplementation

Daily intake of folic
acid (400-800 mcq)
before and during
early pregnancy to
prevent neural tube
defects; also used to
treat folate deficiency
and lower
homocysteine

- Reduces risk of
neural tube defects
(e.g., spina bifida,
anencephaly)

- Inexpensive and
widely available

- Added to many
foods

- Also helps treat
folate deficiency and
high homocysteine

- Must be taken
before/during early
pregnancy for full
effect

- High doses may
mask B12 deficiency
or increase seizure
risk

- Possible side
effects (e.g., nausea,
skin reactions)

- Limited benéefit if
taken too late

3. What can be done to prevent or minimize a disorder?

As previously mentioned, the early detection of neurologic disorders is crucial for
enhancing patient outcomes and alleviating the overall disease burden. Progress in diagnostic
techniques, including biomarkers identified through blood fluid analysis, neuroimaging methods,
genetic testing, and karyotyping, enables earlier and more precise identification of neurologic
conditions. Timely diagnosis not only allows for prompt intervention but also helps in connecting
patients with suitable specialists, such as genetic counselors and neurologists, thus reducing
the often lengthy diagnostic journey.

Lifestyle choices, such as maintaining a balanced diet rich in essential nutrients,
engaging in regular physical activity, ensuring adequate sleep, and participating in cognitive
activities that stimulate the mind, contribute to brain health and can decrease the likelihood of
developing certain neurologic conditions. Avoiding teratogens and harmful exposures during
critical developmental periods, particularly during pregnancy, is essential for preventing fetal
brain injuries and developmental issues. Routine prenatal screenings, including anatomy
ultrasound scans and genetic testing techniques like the ones described earlier in the paper,
facilitate the early identification of potential disorders, allowing for a more beneficial strategy of

limitation.

In summary, preventing and minimizing neurologic disorders requires a comprehensive
approach that integrates early diagnostic advancements with modifiable lifestyle factors and
medical interventions. Through these combined efforts, we can reduce the incidence and
severity of neurologic diseases, improving quality of life for affected individuals, and reducing
the societal and economic burden these disorders impose.
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