
GENETICS OF COMMON COMPLEX DISORDERS

Overview
Goal: To teach medical students about the ethical, legal and social issues related to genetics, 
especially genetic testing and counseling.

Professional Practice Gaps
The National Human Genome Research Institute (NHGRI) and the National Coalition for Health 
Professional Education in Genetics (NCHPEG) have highlighted the need for more education about 
the ethical, legal and social implications (ELSI) related to genetic testing and counseling. 

Educational Objectives:

After completing this activity participants will be able to: 

• Recognize the indications for a diagnostic genetics evaluation and the profound impact a 
genetic diagnosis can have on the family.

• Recognize that most human disease is the result of complex interactions between genetics 
and environment and determine the relative contribution of these factors to define occurrence 
likelihoods and appropriate preventative measures.

• Facilitate the safe and responsible participation of their patients in clinical research, 
understanding the relationship between basic science, biomedical research and clinical 
application as it pertains to medical genetics.
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Modules in this Training Activity
• Genetics: A Basic Human Genetics Primer: Part I

• Genetics: A Basic Human Genetics Primer: Part II

• Genetics: Complex Inheritance: Genetics of Common Complex Disorders

• Genetics: The Medical Family History

• Genetics in Pediatrics: A Family Study of a Child With Multiple Congenital Anomalies

• Genetic Services and the Primary Care Provider

• Genetics: Introduction to Genetic Counseling

• Genetic Testing in Clinical Practice

• Genetics: Ethical and Legal Considerations in Genetic Testing

• Genetics: Etiology of Sporadic and Hereditary Cancers

• Genetics: Hereditary Breast and Ovarian Cancer Syndrome: Genetic Testing and Counseling

• Genetics: Mini-Review of the Molecular Genetics of BRCA1/BRCA2
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Audience and Accreditation
Audience: 

Medical students and residents

A letter of completion for up to 12 hour(s) is available for non-physicians. 
A score of 70% on the post-test is required to complete the activity. 
Participation Requirements 

Activity Credit: Obtaining credit for participation in this activity requires that you complete the pre-
assessments, work through the modules (including all in-module interactive activities), complete the 
post-assessments with a 70% score on the post-test, and then request credit. At the end of the 
activity, you will be instructed on how to print out a certificate for your records.

Time Requirement: Keep track of the amount of time it takes you to complete this activity. You will 
be required to spend a set amount of time in order to claim credit. You should claim credit only for the 
time actually spent in the activity.

Technical Requirement: To participate in this activity, you will need a computer, an Internet 
connection, and a Web browser. This activity requires Chrome, Firefox, and IE7 or higher.
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INTRODUCTION

Case Introduction

In this case, you will hear from a parent whose daughter has been diagnosed with autism. Autism 
may be associated with several known single-gene, chromosomal, and environmental etiologies. 
Identifying these underlying etiologies is important for appropriate prognostic, management and 
recurrence risk discussions. However, in 75%-80% of cases of autism, a defined underlying etiology 
cannot be identified. Such cases are termed "idiopathic". Idiopathic autism appears to have a 
significant genetic component based on family study data, but the nature of the genetic predisposition
is poorly understood. Therefore, idiopathic autism is commonly viewed as a complex or multifactorial 
condition - the result of complex interactions between one or more genetic variants and 
environmental factors. The genetic basis of complex conditions, such as autism, is a major focus of 
genetic research currently.

Because idiopathic autism is complex, this case is somewhat different from the others in the series 
that have focused on more straightforward genetic disorders with relatively well understood genetic 
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bases (mutations in single genes or chromosome abnormalities). Determining the underlying 
mechanisms of these rare genetic disorders has helped create the foundation for studying equally 
complex conditions that are far more prevalent. This area of study is in its infancy, but promises to 
revolutionize medicine by allowing individualized risk assessment and management planning.

In the meantime, physicians are faced with a huge body of literature, often difficult to interpret, about 
various genes that may be associated with genetic predisposition to various conditions. Sometimes 
genetic testing becomes available before the gene-disorder association is well-understood. 
Physicians must learn to assess what is currently known about the underlying genetic basis of 
common conditions, how this information alters patient management, and how to talk to patients 
about a currently limited but rapidly changing knowledge base. While autism is used as a model for 
learning how to approach the patient with a complex condition, application of the underlying principles
to other complex conditions is appropriate, and parallels will be presented.

BACKGROUND KNOWLEDGE
In order to successfully complete this case, you will need to have some knowledge about autism. To 
gain a basic understanding of the detection and diagnosis of autism please read the autism review 
from GeneReviews on the GeneTests.org website (Miles and Mccathren 2005).

VIDEO: CASE PRESENTATION: KAITLIN'S EARLY
CHILDHOOD AND DIAGNOSIS

Autism (used interchangeably with autistic disorder) is characterized by social interaction impairment,
communication impairment, and repetitive and stereotypical behaviors. The diagnosis of autism is 
made when the DSM-IV diagnostic criteria are fulfilled. There are a variety of diagnostic checklists 
and other assessment tools based on the DSM-IV criteria that help to document the fulfillment of the 
criteria. Onset occurs prior to 3 years of age by DSM-IV definition. There is no definitive "test" for 
autism and the diagnostic criteria are relatively subjective. Thus, among those diagnosed with autism,
there exists considerable variability in symptoms, severity, and probably underlying etiology.

Kat is the parent of a 14-year-old daughter, Denise, with typical development and a 12-year-old 
daughter, Kaitlin, with autism. Click on the image below to play a videotape clip of Kat discussing 
Kaitlin's early behaviors that first raised the suspicion of autism and the story of her eventual 
diagnosis.

Listen as Kat tells us about how Kaitlin came to be diagnosed with autism.

VIDEO IN TRANSITION – COMING SOON

(Clinical Tools Inc., 2008)
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SECONDARY CAUSES
Once a diagnosis of autism has been made on clinical grounds, the next step is generally to 
determine if an underlying etiology can be identified. Answer the following questions about potential 
underlying diagnoses for autism based on your GeneReviews reading.

For each of the clinical scenarios ahead, select the most appropriate type of autism (as defined by 
GeneReviews) based on the information provided.

SECONDARY CAUSES: CLINICAL SCENARIOS
A 2-year-old male was recently diagnosed with autism following a thorough developmental 
evaluation. Physical exam revealed only subtle dysmorphic features and no other abnormal findings. 
Chromosome analysis and fragile X testing were done. Fragile X studies were normal but 
chromosome analysis revealed a duplication of a small region of chromosome 15q. 

1. Essential idiopathic autism 
• Incorrect 

2. Complex idiopathic autism 
• Incorrect 

3. Secondary autism 
• Correct 

A 4-year-old male was diagnosed with autism about 18 months ago following a thorough 
developmental evaluation. Test results for chromosome analysis and fragile X syndrome were 
normal. He was recently referred to a geneticist who noted microcephaly. MRI revealed cerebellar 
abnormalities. 

1. Essential idiopathic autism 
• Incorrect 

2. Complex idiopathic autism 
• Correct 

3. Secondary autism 
• Incorrect 

A 3-year-old female was recently diagnosed with autism following a thorough developmental 
evaluation. Physical exam revealed no dysmorphic features or other abnormal findings. Test results 
for chromosome analysis, fragile X syndrome and Rett syndrome were all normal. She recently 
developed seizures. MRI revealed no structural brain malformation. 

1. Essential idiopathic autism 
• Correct 

2. Complex idiopathic autism 
• Incorrect 

3. Secondary autism 
• Incorrect 

In what percentage of autism cases is an etiology identified?
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1. about 1% 
• Incorrect 

2. 5%-10% 
• Incorrect 

3. 15%-20% 
• Correct 

4. 40-50% 

RECOGNIZING UNDERLYING ETIOLOGY

Why is it important to evaluate a child diagnosed with autism for a recognizable underlying etiology? 
Many underlying causes of autism may be associated with additional medical and/or cognitive 
problems beyond those typically associated with autism. For instance, a female child diagnosed with 
autism and Rett syndrome is likely to have more significant mental retardation than a child with 
idiopathic autism. A child with neurofibromatosis requires an ongoing multidisciplinary approach to 
monitor and manage neurofibromas and other associated tumors.

A known associated environmental, single gene, or chromosome abnormality allows for more precise 
discussion about the likelihhod of recurrence for siblings and other family members. This recurrence 
risk may be reduced to virtually zero (for example with de novo chromosome abnormalities and 
perhaps exposures that can be avoided). The risk may also be much greater than predicted for 
idiopathic autism (for example when a familial single-gene or chromosome abnormality is detected).
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IMPORTANCE OF IDENTIFYING UNDERLYING CAUSES OF
COMPLEX CONDITIONS

Most conditions commonly encountered in medicine are etiologically heterogeneous, meaning that 
they are the end result of multiple different underlying causes – some clearly genetic, some primarily 
environmental, and others unknown. It is important to properly diagnose these underlying causes 
when possible because the prognosis, management, and familial-recurrence-risk discussions are 
likely to be different based on the underlying diagnosis. Some examples of how an underlying single-
gene or chromosomal diagnosis may alter counseling are provided below with examples specific to 
autism.

Identifying Single-Gene or Chromosomal Causes of Common Diseases 

Implications for the affected individual:
• The prognosis may be significantly altered when the presenting disorder is only one 

manifestation of an underlying condition. 
• Clinical example: Autism is associated with mental retardation (defined by nonverbal IQ

testing) in 50%-75% of cases (Miles and McCathren 2003). IQ scores are highly 
variable and may change over time with intervention. A female with autism secondary 
to classic Rett syndrome will generally have severe language and psychomotor 
retardation (Zoghbi 2004). 

• The management strategy or available therapies may be different. 
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• Clinical example: While uncommon, autism has been reported to be associated with a 
variety of different metabolic disorders. The symptoms of some metabolic disorders 
may be alleviated through diet restrictions, supplementation, or other therapies. There 
have been a limited number of case reports suggesting improvement of symptoms in 
patients diagnosed with autism and metabolic disorders (Gorker and Tuzun 2005; 
Baieli et al. 2003; Zaffanello et al. 2003). 

Implications for family members:
• The chance for other family members to develop the condition can typically be calculated 

much more reliably when the underlying diagnosis is known. Genetic testing, when available, 
can refine the risks (i.e., identify gene mutations carriers) or offer definitive diagnosis (i.e., 
presymptomatic or prenatal diagnosis). 

• Clinical example: Autism has been associated with a variety of different structural 
chromosome abnormalities such as unbalanced translocations. An unbalanced 
translocation in a child may result from a balanced translocation in a parent. Identifying 
a structural chromosome abnormality allows chromosome analysis on the parents and 
other at-risk family members to accurately detect carriers of balanced translocations. 
Prenatal diagnosis of chromosome abnormalities is reliable for parents who choose 
this option. On the other hand, in the case of a child who is diagnosed with autism 
secondary to a chromosome abnormality that appears to be sporadic (both parents 
have normal chromosomes), the recurrence risk for siblings is likely to be very low. 

• Early detection of individuals at risk to be affected may provide intervention opportunities to 
prevent or ameliorate symptoms. 

• Clinical example: Early intervention appears to significantly improve outcomes in 
children with autism spectrum disorder. Early detection is therefore critical, however 
autism may be difficult to reliably detect and diagnose in early childhood. Early 
intervention can be implemented immediately when an underlying diagnosisthat 
causes or predisposes a child to autism is identified early (i.e., through genetic testing).

VIDEO: CASE PRESENTATION: KAITLIN'S EVALUATION
In the following video clip, Kat discusses the testing that was done in an effort to identify an 
underlying cause for the diagnosis of autism in Kaitlin.

VIDEO IN TRANSITION – COMING SOON

(Clinical Tools Inc., 2008)

RECOGNIZING UNDERLYING GENETIC CAUSES OF
COMPLEX CONDITIONS

Underlying Genetic Causes of Complex Conditions
A physician, treating any patient that presents with a disease, should ask themselves why the patient 
is presenting with this particular condition at this time in his/her life. A detailed personal medical 
history (including exposures) and family history should be obtained. In general, individuals with 
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findings that are uncommon or who have unusual presentations of common disorders should 
be considered a genetic etiology. Some examples of red flags in the medical family history are shown
below.

Clues that there may be a significant diagnosable genetic etiology for a complex 
condition.

• The same or related conditions appear to be "running in the family" -- particularly if suspicious 
for a single-gene pattern of inheritance (for example, multiple family members with diabetes, 
several related forms of mental illness, or cancers such as colorectal and endometrial known 
to be associated with the same genetic condition) 

• There is an unusual presentation of a condition
• an earlier age of onset than usual (colorectal cancer at 40 years, dementia at 50 years)
• more severe course than usual 
• combined with other typically unrelated findings or dysmorphic features 
• multiple primary cancers in a single person 
• bilateral disease in paired organs 

• Ethnicity known to be associated with an increased risk for specific genetic conditions (breast 
cancer predisposition mutations more common in Ashkenazi Jewish individuals) 

• Consanguinity 

(Adapted from Bennett 2010)

EXAMPLES OF SINGLE-GENE CAUSES OF COMPLEX
CONDITIONS

Single-gene disorders can present or be misdiagnosed as a variety of different common conditions. 
Selected examples of common and easily overlooked genetic causes of common conditions that 
should be considered in an affected patient are provided in the table below. Note that the diagnostic 
clues for these single-gene etiologies frequently include earlier than typical onset, more severe 
disease course, and unusual associated clinical findings, which are all family history red-flags 
discussed on the preceding page.

Table. Selected common conditions and underlying genetic diagnoses that should be 
considered in the differential diagnosis.

Adapted from: Robinson and Linden, 1993

AD = autosomal dominant

Common
Disorder

Single-Genetic
Etiology

Inheritance Prevalence Figures Diagnostic Clues

Cardiovascular 
disease (CVD)

Familial 
hypercholesterolemia 
(FH) (CGH)

AD • ~1/500 people 
have FH 

• FH accounts for 
~5% of 
myocardial 
infarctions 

• Plasma 
cholesterol 
greater than 
350mg/dl 

• Early onset 
disease (50%
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Common
Disorder

Single-Genetic
Etiology

Inheritance Prevalence Figures Diagnostic Clues

before 60 years 

CVD risk by 
age 50 for 
males and 60
for females) 

• Tendon 
xanthomas 
(lipid 
deposits) 

Non-insulin 
dependent 
diabetes

Maturity-onset 
diabetes of the young 
(MODY) (CGH)

AD
1 to 5% of individuals 
with diabetes are 
diagnosed with MODY

• Onset often 
between 
puberty and 
25 years 

Cardiomyopathy
Familial dilated 
cardiomyopathy 
(FDCM) (OMIM)

AD

• 36.5/10,000 
people are 
diagnosed with 
idiopathic dilated
cardiomyopathy 

• FDCM accounts 
for 20-25% of all 
idiopathic dilated
cardiomyopathy 
cases 

• Earlier onset 
• Disease 

progresses 
more rapidly 

Alzheimer 
disease (AD)

Early-onset familial 
Alzheimer disease 
(GT)

AD

• Greater than 5%
of all individuals 
over 70 years 
have AD 

• 1-6% of all AD is
early onset (less 
than 60 years) 

• 60% of early-
onset AD is 
familial 

• Early-onset 
familial AD 
accounts for less
than 2% of all 
AD cases 

• Early onset 
(symptom 
onset usual 
in the 40s - 
early 50s and
consistently 
before 60-65 
years) 

Breast cancer BRCA1/2-related 
breast cancer

AD BRCA1/2 mutations 
account for 5-10% of all
breast cancer cases

• Younger than
average age 
of onset 

• Bilateral 
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Common
Disorder

Single-Genetic
Etiology

Inheritance Prevalence Figures Diagnostic Clues

disease 
• Associated 

with ovarian 
cancer in 
affected 
individual or 
other relative 

Colorectal 
cancer

Hereditary 
nonpolyposis 
colorectal cancer 
(HNPCC)

AD
HNPCC mutations 
account for 5-8% of all 
colorectal cancer cases

• Younger than
average age 
of onset 

• Right-sided 
tumor 

• Associated 
with 
endometrial 
cancer in 
affected 
individual or 
other relative 

QUESTION 1
Matthew was recently diagnosed with autism at 2 years of age. He has not yet been seen by 
geneticists or had any genetic studies. Matthew's family history is significant only for a maternal uncle
who has a developmental disability and has some autistic spectrum behaviors like hand flapping. 
There are no other reported family members with autism, mental retardation, or related findings. 
Would you refer or not refer this family for a genetic consult? 

1. Refer 
• Correct 

2. Do not Refer 
• Incorrect 

VIDEO: WHAT CAUSES IDIOPATHIC AUTISM?
A diagnosable secondary cause of autism is identified in only 15%-20% of cases. For the remaining 
75%-80% of cases, parents are left wondering, "How did this happen?" These cases with unknown 
etiology are termed idiopathic.

While the underlying genetic mechanisms are not well understood, there is evidence that idiopathic 
autism has a significant genetic component. Classic idiopathic autism is observed to cluster in 
families. Closely related family members (i.e., siblings) are more likely to be similarly affected than 
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more distant relatives. However, the familial occurrence does not appear to follow any recognizable 
pattern of single-gene (Mendelian) inheritance. This clustering is even more significant when the 
definition of an "affected" family member is expanded to include a broader autism phenotype (with at 
least some symptoms of autism but not sufficient to meet the diagnostic criteria).

A variety of other behavioral or psychiatric disorders (for example, obsessive compulsive disorder 
(OCD), communication disorders, and social phobias) are also observed at increased frequencies in 
unaffected family members of individuals with autism (Muhle et al. 2004). This observation also 
supports an underlying genetic susceptibility to autism.

In the following video clip, Kat discusses her family history.

VIDEO IN TRANSITION – COMING SOON

(Clinical Tools Inc., 2008)
Problems viewing videos? Click on View References below to access the video link to YouTube.

STUDYING THE GENETIC CONTRIBUTION TO COMPLEX
CONDITIONS

Heritability
So, just how genetic is autism? This is essentially the age-old question of nature versus nurture 
(genetics versus environment) that can be asked for any trait or condition. Heritability is a statistical 
measure used to estimate the contribution of genetic factors in causing a particular phenotype (i.e., 
physical trait, birth defect, disease). When a phenotype is determined primarily by genetic factors, 
heritability approaches 100%. When a phenotype is determined primarily by environmental factors, 
heritability approaches 0%. Heritability estimates for autism approach 90%.
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Twin Concordance Studies

One approach to estimating heritability is through twin concordance studies. Monozygotic (identical) 
twins arise from the same fertilized egg, and therefore share identical copies of their genetic 
information. Dizygotic (non-identical) twins arise from two completely separate fertilized eggs, and are
therefore no more genetically related to each other than full-siblings. When both members of a twin 
pair have the phenotype of interest, they are concordant. Any differences between monozygotic twins
should be due to environmental factors.

Adoption Studies
One limitation of twin concordance studies is that both monozygotic and dizygotic twins share the 
same prenatal environment and may share similar postnatal environments (provided they are reared 
together). Studies of monozygotic and dizygotic twins separated at birth can begin to limit potentially 
shared postnatal environments. However, the population of twin pairs reared together where one or 
both have the phenotype of interest is already often small. It may be impossible to find sufficient 
numbers of twins meeting these criteria who were also reared apart.
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UNDERSTANDING MULTIFACTORIAL INHERITANCE
Phenotypes determined completely by genetic factors or environmental factors are rare. Instead, 
most human traits and disorders are determined by complex interactions between genetics and 
environment. An individual's genotype may cause them to be more protected from or predisposed to 
a particular outcome, just as their environment may be more or less favorable (Figure 1). 
Environment includes essentially everything that is not directly determined by genotype, including:

• Diet 
• Medications 
• Other exposures 
• Behaviors 
• Physical surroundings 

Each individual has a unique combination of genetic constitution and environmental experience. A 
person who is very predisposed to a disease as a result of genetic factors may develop the disease 
even though they maintain a very favorable environment. Conversely, a person with a very protective 
genotype may develop a disease if the environmental factors are negative enough.

Interaction of Genetics and Environment to Produce Disease

(Adapted from Scheuner and Yoon 2005)

Diagnoses can be viewed on a spectrum from mostly genetic to mostly environmental (Figure 2). 
Classic Mendelian genetic diseases, such as Huntington disease, are caused by mutation(s) in a 
single gene, and are therefore mostly genetic. For example, virtually 100% of individuals who inherit a
Huntington disease-causing mutation will develop symptoms (complete penetrance) regardless of 
environmental factors. At the other end of the spectrum, outcomes such as asbestos-induced 
mesothelioma may be viewed as primarily environmental. However, not all people with significant 
exposure develop mesothelioma, which may indicate a potential genetic susceptibility component or 
additional unknown environmental factors.

Examples of Diseases on the Gene-Environment Continuum
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The vast majority of common medical conditions fall in the middle of this spectrum and are called 
multifactorial, meaning that they result from multiple interacting genetic and environmental factors 
(table 1). These conditions are typically noted to cluster in families, but do not follow a predictable 
pattern of inheritance in families. These complex interactions are currently poorly understood for most
diagnoses. While this area of study is in its infancy, the results promise to revolutionize medicine by 
allowing individualized risk assessment and management planning.

MULTIFACTORIAL INHERITANCE CLASSES

Classes
Multifactorial traits or disorders can be viewed as falling into 3 major classes.

1. Quantitative traits with continuous variation: Many traits, such as height and IQ, follow a 
normal distribution in the population (they approach a bell-shaped curve). Extreme variation of these 
traits (often defined as greater than 2 standard deviations from the mean) is considered "abnormal".

2. Threshold traits: Disorders such as congenital anomalies, are either present or they are not. The 
threshhold model assumes that there are multiple additive factors (genetic and environmental) that 
contribute to disease development. The combination of factors that may predispose to disease is 
called liability, and follows a normal distribution in the population. An individual's liability must exceed 
a threshold in order to develop the disorder.

3. Complex disorders: Common complex disorders, such as hypertension and diabetes, can also 
be viewed as developing once some threshold of liability is reached. However, there may be many 
more additive factors that contribute to liability, and environmental factors are expected to contribute 
more significantly when compared to traditional threshold traits (i.e., congenital anomalies).

Fig. 1 The multifactorial inheritance threshold model. Liability for a multifactorial trait follows a normal 
distribution in the population. Once a liability threshold is exceeded, the disorder or trait is expressed. 
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Examples of Multifactorial Conditions
Physical Traits 

• Height 
• Intelligence 
• Blood pressure 
• Head circumference 

Congenital Anomalies 

• Cleft lip +/- palate 
• Clubfoot 
• Congenital heart defects (isolated) 
• Congenital hip dislocation 
• Hirschsprungs disease 
• Neural tube defects (anencephaly) 
• Pyloric stenosis 

Complex Conditions 

• Alzheimer disease 
• Autism 
• Bipolar disorder 
• Many cancers 
• Coronary artery disease 
• Hypertension 
• Insulin-dependent diabetes mellitus 
• Multiple sclerosis 
• Parkinson disease 
• Schizophrenia 
• Venous thrombosis 

RECURRENCE RISK ASSESSMENT

Assessment

Recurrence risks are averages determined from groups of families that likely have a variety of 
different underlying etiologies of disease – some more genetic and some less genetic. Thus, the 
chance of recurrence for a specific family may be significantly higher or lower than that predicted by 
empiric data. While a couple who has one child with idiopathic autism will be counseled that there is a
4% chance of recurrence for future children, if they have a subsequent affected child, the chance of 
recurrence for the next pregnancy increases to as much as 35%. Obviously, having 2 affected 
children indicates that there is a stronger genetic component than could have been predicted initially. 
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Other factors that may increase recurrence risks are consanguinity, severity of the condition, gender, 
and ethnicity (see table below). It is appropriate to present empiric recurrence risk data as an 
average, but also to provide the possible risk range (e.g., 0% to 25%).

Factors That May Increase Recurrence Risks for Multifactorial Conditions
• More than one affected family member.

• Example: The risk of schizophrenia for an individual with a single affected sibling is 
about 7-8% but increases to 12-16% if a parent and sibling are affected. 

• Closer relationship to the proband. 
• Generally, first-degree relatives (who share a higher percentage of genes and, 

presumably, liability) are at a much greater risk than more distant relatives. 
• Example: First-degree relatives of a child with cleft lip +/- palate are at 40 fold 

increased risk compared to the general population; whereas, second-degree relatives 
have a 7-fold risk and third-degree relatives have a 3-fold risk. 

Relationship 
% Shared

Genes 

First-degree 
relatives

50%

Second-degree
relatives

25%

Third-degree 
relatives

12.5%

• More severe disease in an affected family member 
• Presumably a greater genetic liability may produce more severe disease. 
• Example: Hirschsprung disease (congenital aganglionic megacolon) has an average 

4% recurrence risk for siblings but the recurrence risk increases as the extent of 
aganglionosis increases (particularly beyond the sigmoid colon). 

• Having an affected family member who belongs to a gender with lower incidence. 
• Example: Pyloric stenosis is 5 times more common in males than in females. Sons of 

affected males have a 5% recurrence risk and daughters have a 3% risk. However, 
sons of affected females have a 20% risk and daughters an 8% risk. Using the 
threshold model, the female parent must have a very high liability to be affected. Her 
children's liability distributions, on average, would be skewed toward greater liability 
than an affected father's children. Because males have a lower threshold than females,
the son's risk is quite high. 

• Parental consanguinity 
• People who are related are more likely to share liability genes for the same conditions 

which can dramatically increase the liability of their offspring for that condition. 
• Belonging to a population (defined by ethnicity, geography, etc.) in which the condition

is more common 
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DETERMINING RECURRENCE RISKS FOR AUTISM 1
Once a diagnosis of autism has been made, parents naturally may wonder what the chances are that 
they might have another child with autism, or that other family members may have a child with 
autism. While heritability is a useful gauge of the role of genetic factors in causing multifactorial traits, 
these estimates do not provide practical information about recurrence figures for other family 
members. When a specific underlying etiology can not be identified, the healthcare provider must rely
on published empiric (or observational) data from family studies to determine recurrence risks.

DETERMINING RECURRENCE RISKS FOR AUTISM 2
Based on your GeneReviews reading, when a single child in a family is diagnosed with idiopathic 
autism, what is the empiric risk that his/her full-sibling will also develop classic autism? 

Choose one  

1. 1% 
• INCORRECT. The empiric risk of autism for siblings of a child with idiopathic autism is 

5%-10%. There is an additional 5-10% chance that siblings will have milder symptoms 
of autism (Miles and McCathren, 2003). 

2. 5%-10% 
• CORRECT. The empiric risk of autism for siblings of a child with idiopathic autism is 

5%-10%. There is an additional 5-10% chance that siblings will have milder symptoms 
of autism (Miles and McCathren, 2003). 

3. 15%-20% 
• INCORRECT. The empiric risk of autism for siblings of a child with idiopathic autism is 

5%-10%. There is an additional 5-10% chance that siblings will have milder symptoms 
of autism (Miles and McCathren, 2003). 

4. 35% 
• INCORRECT. The empiric risk of autism for siblings of a child with idiopathic autism is 

5%-10%. There is an additional 5-10% chance that siblings will have milder symptoms 
of autism (Miles and McCathren, 2003). 

VIDEO: DETERMINING RECURRENCE RISKS FOR AUTISM
3

In the following video clip, Kat discusses her thoughts about the chance of having another child with 
autism. In the second video clip, she discusses her experience of relaying information about autism 
and the possible implications to other family members.

Moderator: "Did you consider having more children after Kaitlin, and if so, did the chance of 
recurrence for autism concern you?"

VIDEO IN TRANSITION – COMING SOON

(Clinical Tools Inc., 2008)
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RECURRENCE RISK DATA FOR AUTISM
Once one child has been diagnosed with idiopathic autism (the proband), the overall empiric risk for 
another sibling having classic autism is 5-10%, plus another 5%-10% chance for the sibling to have 
milder symptoms of autism (that may include language, social, and psychiatric disorders) (Miles et. al 
2010). Other factors such as gender, severity, and additional clinical findings may alter this risk (see 
table below). For instance, essential autism is generally associated with a higher sibling risk of 
recurrence than is complex autism (essential autism may be "more genetic" than complex autism). 
Brothers of a proband with essential autism have a higher risk than do sisters.

Proband With: Sibling Risk of Recurrence (ROR)

Idiopathic autism

(in general)
 

- 1 child affected (any 
gender)

Aggregate risk: 5%-10% for classic autism; 10%-15% for milder autism 
spectrum symptoms

- > 2 children affected (any 
gender)

Approaches 35%

Essential idiopathic 
autism

 

- 1 child affected (any 
gender)

Brother of proband: 7% for classic autism + 7% for milder autism 
spectrum symptoms

Sister of proband: 1% for classic autism + unknown ROR for milder 
autism spectrum symptoms

Complex idiopathic 
autism

 

- 1 child affected (any 
gender)

Any sibling gender: 1% for classic autism + 2% for milder autism 
spectrum symptoms

(Adapted from: Miles et. all 2010)

VIDEO: DISCUSSING RECURRENCE RISKS WITH
PATIENTS

Counseling individuals who have a 4% or 15% or 30% chance for developing a condition is 
particularly challenging when the basis for those figures is not well understood and there are no 
available predictive genetic testing or preventative measures – as is currently the case for most 
multifactorial conditions. The patient's concept of personal risk results from a combination of his/her 
understanding of:

• The objective risk data 
• The perceived burden of the outcome 
• Its controllability 
• Personal experience with the outcome 
• Preconceived notions of risk 
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(Gates 2004; Sivell et al. 2008)

A 5% risk may sound very low to some and unacceptably high to others. While a 5% risk may be 
more reassuring than a 50% or 99% risk, in the end, the outcome either will or will not happen. The 
degree of concern about the outcome may have as much to do with risk perception as the actual 
numbers.

In the following video clips Kat discusses her feeling about the chance of having another child with 
autism.

Moderator: "How would you feel if I told you that there was a 4% or 10% chance of having another 
child with autism in a subsequent pregnancy, but there is currently no testing that could help 
determine if a child would indeed develop autism?

VIDEO IN TRANSITION – COMING SOON

(Clinical Tools Inc., 2008)

VIDEO: STUDYING THE GENETIC BASIS OF AUTISM: A
PARENT'S PERSPECTIVE

As the mechanisms that cause single-gene and chromosome abnormalities have become better 
understood, improved risk assessment, testing, management, treatment and prevention strategies 
have evolved (see figure below). It is reasonable to expect that unraveling the genetics of complex 
conditions will offer similar benefits.

The Integration of Genetics Information Into Clinical Practice

In the following video clip, Kat discusses her feeling about autism research and the need to 
understand how autism occurs.

Moderator: "Are you interested in researchers determining why autism occurs?"

(Clinical Tools Inc., 2008)
Problems viewing videos? Click on View References below to access the video link to YouTube.

VIDEO: CHALLENGES OF STUDYING THE GENETIC
BASIS OF COMPLEX DISORDERS

It is clear that there is considerable public interest in understanding the genetic basis of diseases and 
traits. The human genome project and other genetic advances now routinely find their way into the 
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media and popular press. Studying the genetic basis of complex conditions, however, has proven to 
be a formidable task. Some factors that complicate genetic research of complex disorders are listed 
below. Click each for more information:

• Many different pathways may cause the same disease 
• The genetic and environmental factors that lead to disease may vary by race, ethnicity, 

geography, or other unknown population characteristics 
• Genetic susceptibility can not be directly measured 
• Methodologies for studying multiple interacting genes simultaneously are limited 

Moderator: Have you ever participated in any research?

VIDEO IN TRANSITION – COMING SOON 

(Clinical Tools Inc., 2008)

PROBLEMS WITH TRANSLATING RESEARCH INTO
CLINICAL APPLICATION

There now exists a huge body of literature about candidate susceptibility genes for nearly any 
disease or trait that can be imagined. Candidate genes may be identified through various forms of 
linkage analysis and association studies. There are several limitations in applying this research 
information in a clinical setting however.

Genetic Variants
A gene may appear to be significantly associated with an outcome in some studies but not others, 
perhaps due to underlying differences in the population studied (as discussed on the preceding page)
or simply spurious findings. There are also presumably many different genetic variants acting in 
concert to produce a phenotype. A single variant, even one well-documented to be associated with an
outcome, may have only a modest effect on producing a phenotype. Until all of the involved genes 
are identified, and how they act to modify each other is understood, the ability to use this information 
in risk assessment and management planning is often limited. Consider also that environmental 
factors are known to play a significant role in many common complex diseases. Even if one fully 
understood the interactions of all of the involved genes, genetic predispositional testing would only be
useful if the interaction of various genotypes with environmental factors is understood and there are 
effective strategies to manage the environmental aspects of disease risk.

Implications of Results
Tests for some of these genetic variants have become clinically available, however, with only limited 
knowledge of the implications of the results. For instance, there is a well-documented significant 
association between the e4 allele of the APOE gene and typical late-onset Alzheimer disease; but, 
having one or two e4 alleles does not mean that an individual will ever develop Alzheimer disease 
and lacking an e4 allele doesn't mean that an individual will not develop Alzheimer disease. APOE 
genotyping may be useful in supporting a clinical diagnosis of Alzheimer disease, but it should not be 
used for predictive testing because the utility of the information is limited (Bird 2005). To further 
complicate matters, different APOE genotype combinations appear to be associated with plasma 
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lipoprotein levels, response to management options, and ultimately cardiovascular disease risk 
(Smelt and de Beer 2004).

According to Genetests.org, over 10 laboratories in the United States offer APOE genotyping on a 
clinical basis. Some specify for Alzheimer disease evaluation, others limit to cardiovascular disease 
risk assessment, while others provide only the genotype with no interpretation or limitations specific 
to Alzheimer disease or cardiovascular disease. The genotyping test provides the same result 
regardless of the indication for testing. Results obtained for one reason may have other significant 
implications -- some of which may not even be recognized yet. There is often little oversight, or even 
guidance, about how and why such genetic tests are used.

DIRECT-TO-CONSUMER MARKETING OF
PREDISPOSITIONAL GENETIC TESTING

There are several companies (e.g., Sciona, Genovations) that are selling genetic tests via the internet
for an array of variants purported to predispose to such conditions as:

• Cardiovascular disease 
• Osteoporosis 
• Immune system deficiencies 
• Nutritional deficits 

At least one laboratory includes APOE genotyping in a cardiovascular risk assessment marketed 
directly to the consumer. These tests may be accompanied by advice or products designed to 
address identified predispositions. The marketing claims of these companies over-inflate the 
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understanding and utility of such predispositional genetic testing. The potential risks for those told 
that they have an "increased genetic risk" may include:

• Unfounded psychological burden 
• Exposure to unnecessary or even harmful medications or supplements 
• A tendency to ignore controllable lifestyle factors known to reduce risk because of a feeling 

that one is genetically predetermined for a specific fate 

"Low genetic risk" could also encourage individuals to falsely ignore important recognized lifestyle 
approaches to minimizing risk because they no longer feel at-risk.

The public will undoubtedly become increasingly aware of the availability of genetic testing. Some 
tests will be useful in certain circumstances, others will not. Consumers may look to their healthcare 
providers to help guide them in determining if a genetic test is appropriate for them and to delineate 
the personal benefits and risks.

ASSESSING THE VALIDITY AND UTILITY OF A
PREDISPOSITIONAL GENETIC TEST

How does a healthcare provider determine if a gene-disorder association is significant and if genetic 
testing for such gene mutations is appropriate for a patient? The Secretary’s Advisory Committee on 
Genetic Testing offers a framework for evaluating the appropriateness of genetic testing.

• Analytical validity: "refers to how well a test performs in the laboratory, that is, how well does
the test measure the property or characteristic it is intended to measure? (In the case of a 
genetic test, the property can be DNA, proteins, or metabolites.)" (SACGT 2000) In the United 
States, laboratories that perform clinical testing may be CLIA- (Clinical laboratory 
Improvement Amendment of 1988) approved, which requires that the laboratory meet certain 
quality assurance standards. Confirming that a laboratory is CLIA-approved provides some 
confidence that the test is analytically valid. 

• Clinical validity: "refers to the accuracy with which a test predicts a clinical condition. Thus, a
test would be clinically valid if it successfully detects the disease or predisposition. When a 
test is under development and its success rate is still being determined, it should be 
conducted only on individuals who are known to have the condition (as well as those who are 
known not to have the condition to serve as comparisons)." (SACGT 2000)

• Clinical utility: "refers to the usefulness of the test and the value of the information to the 
person being tested. If a test has utility, it means that the results — positive or negative — 
provide information that is of value to the person being tested because he or she can use that 
information to seek an effective treatment or preventive strategy. Even if no interventions are 
available to treat or prevent the disease or condition, there may be benefits associated with 
knowledge of a result." (SACGT 2000) 

• Social issues: refers to the "consequences of a diagnosis or identification of risk status." 
(SACGT 2000) This may include such issues as financial costs associated with testing, 
psychosocial burden of results, and privacy and discrimination risks. 
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THE FUTURE FOR AUTISM RESEARCH

Evaluating the appropriateness of a genetic test for specific clinical circumstances when there is no 
standard of care is a daunting task. In fact, GeneWatchUK stated in a brief on genetic testing that 
"The sheer number of genetic variations, and the large number of published links between genes and
diseases that later turn out to be wrong, means that it is virtually impossible for most medical 
professionals to make their own assessments of the clinical validity or utility of genetic tests." 
(GeneWatch 2004). As a result, healthcare providers may choose to refer a patient who is 
considering predispositional testing to a genetics specialist.

There are currently no predispositional tests for idiopathic autism, although there are several genomic
loci that appear to be repeatedly associated with autism. Studies of candidate genes within those 
regions have identified new single-gene syndromes associated with autism (eg., NLGN3 and NLGN4 
associated X-linked autism).
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THE STORY OF TWO GENES ASSOCIATED WITH AUTISM

Regions of the X Chromosome
There is an unexplained preponderance of males affected with autism compared to females, and 
chromosome abnormalities involving the sex chromosomes have been reported in association with 
autism (Miles et al. 2008). There are two regions of the X chromosome that are of particular interest 
for autism candidate gene studies. Deletions within Xp22 were reported in 3 female patients with 
autism that were identified fortuitously on routine chromosome analysis (Laumonnier et al. 2004). 
Another region, Xq13-21, has been identified through genome-wide linkage analysis scans as 
possibly associated with autism (Shao 2002).

These results demonstrate that mutations in these two genes may be responsible for only a small 
percentage of cases of autism, and that there may exist many different genes that play different roles 
in different populations. These results are consistent with the variability of phenotypes that are seen 
under the diagnosis of autism, and illustrate the difficulties involved in identifying disease-causing 
genes in complex conditions.

Population Specific Studies
Two genes of interest are known to be located in these regions of the X chromosome. NLGN3 and 
NLGN4 produce proteins that are members of the neuroligin family. Members of this family of proteins
are thought to be involved in forming functional synapses (Scheiffele et al. 2000). Mutations in these 
two genes have been identified using sibling and family studies, but these mutations seem to be 
population specific. One mutation was identified in two Swedish families (Jamain et al. 2003), while 
another was seen in a large French family (Laumonnier et al. 2004). Studies using larger and less 
homogenous populations, however, have not seen this connection between autism and mutations in 
the NLGN3 and NLGN4 genes (Vincent et al. 2004).
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IDENTIFYING CANDIDATE GENES

The causative genes for even the most rare Mendelian disorders have now largely been identified 
through various combinations of functional and positional cloning methodologies. As previously 
discussed, a proportion of individuals with common complex disorders will develop the disorder due 
to mutation(s) in a single gene that has a major effect on producing the phenotype. Traditional 
molecular approaches to gene identification are best suited to these single-gene cases. Identifying 
the genes involved in these more rare cases may provide some insight into the etiology of more 
complex cases. However, newer approaches are evolving that are designed to simultaneously 
identify multiple different genetic variants that each have a small additive effect on producing the 
phenotype -- which is how most common complex disorders are believed to arise. These gene 
identification approaches are discussed below in the context of identifying candidate genes for 
idiopathic autism.

Studying the genes known to be associated with secondary autism may provide 
insight about the pathogenesis of idiopathic autism
Chromosome analysis is routinely performed in the diagnostic evaluation of a child with autism. The 
fortuitous finding of a structural chromosome abnormality (e.g., deletion, duplication, translocation) in 
association with autism helps identify a specific region of DNA to scrutinize for genes involved in the 
pathogenesis of autism. For instance, about 3% of individuals with autism have a duplication that 
involves the short arm of chromosome 15 (15q11-q13)(Miles and McCathren 2005). Several genes in 
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this region have now been identified as candidate susceptibility genes for autism. The GABA A 
receptor gene cluster located in this region is involved in inhibiting excitatory neural pathways, and 
mice that are deficient in certain GABA A receptor subunits have clinical features that resemble 
components of autism. Another gene in that region, UBE3A, is expressed in the brain and UBE3A 
mutations are known to be associated with Angelman syndrome in humans (Muhle et al. 2004). 
Angelman syndrome has some overlap in clinical findings with autism. Numerous other chromosome 
abnormalities have identified additional regions for study (e.g., 7q, 8q, 13q, 17q, 18q, Xp, Xq) 
(Veenstra-VanderWeele et al. 2004).

Candidate genes may also be studied based on some recognized biological function that may be 
associated with the pathogenesis of a condition. For instance, a significant percentage of individuals 
with autism are found to have elevated serotonin levels. The genetic and biochemical pathways that 
may lead to elevated serotonin are logical areas for study. Animal models may also provide some 
insight. Because the diagnosis of autism is complex, involving impaired social interaction and 
communication, identifying a clear parallel for autism in animals is difficult. There are however mice 
that display certain behavioral or social phenotypes that are components of the autism diagnosis. For 
instance, mice that lack the Dv11 gene exhibit reduced social interaction, and those that lack the 
oxytocin gene appear to lack social memory.

Linkage analysis
Once a specific gene or locus is identified as being potentially associated with a condition, linkage 
analysis can be used to assess if variants at one or more loci are segregating with the condition in 
affected individuals. Linkage analysis makes use of the fact that there are segments of DNA that are 
highly variable between individuals (markers) interspersed throughout the genome. Markers, like all 
other DNA, are inherited from one's parents. If a marker is in close proximity to a disease-causing or 
susceptibility gene, the DNA sequence at that marker should be the same for all members of a family 
that have the condition ( recombination does not happen often between the marker and the gene 
during meiosis because the two are closely linked to each other). A few markers may be selected 
because they are known to be in close proximity to a specific gene/locus of interest. Alternatively, 
hundreds to thousands of markers may be used that span the entire genome when no specific locus 
is being evaluated, but instead one is searching for potential loci of interest.

VIDEO: CASE PRESENTATION: WHERE ARE THEY NOW?
Kat talks about what life is like for herself, Kaitlin and their family as they have adapted to the 
diagnosis of autism.

Transcript

I think we are becoming more person centered now. That's one of the things we are working on is not 
to say, "Kaitlin's autistic." That is defining her by her disability. Kaitlin has autism, my husband has 
diabetes. So it is that kind of referencing . I think the hardest words for a parent to hear are mental 
retardation. There is such a social stigma with the word retardation, when unfortunately it is a true 
diagnosis and those words have to be used sometimes. A lot of parents are not used to delving into 
this area are not used to that and think that it is a horrible thing to hear, and it is, there's no denying it.
Kaitlin has come back with some IQ tests that have come back in the lower 50's, where does that 
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place her? In the mental retardation range. If you looked at her you would think, well how did she 
manage that one? She does though because the tests they are giving are very language based and 
autism is a language disorder, so truly Kaitlin does not have mental retardation associated with her 
autism, but she tests out like she does. It is very interesting to see that. So I think definitely the idiot 
savant thing is gone, the whole refrigerator mother's syndrome is gone, the references that it is the 
parent's fault...we are getting so far away from that that my generation is not seeing that as a big 
issue...but those are some issues of the past, and there will be issues in the future. 

(Clinical Tools Inc., 2008)

SUMMARY
A complex or multifactorial condition is the result of complex interactions between one or more 
genetic variants and environmental factors. Physicians must learn to assess current knowledge of 
underlying genetic etiologies of common conditions, how this affects patient management, and how to
approach patients with complex conditions.

• Once a diagnosis for a complex condition, such as autism, is made based on clinical criteria, 
the next step is generally to examine whether or not an underlying etiology can be identified. 

• For an individual diagnosed with a complex condition, identifying single-gene or chromosomal 
causes for the disease will affect prognosis and management of the disease. 

• Implications for family members when finding underlying single-gene or chromosomal causes 
of complex conditions include calculating risk for current or future family members and 
improving early detection for family members. 

• Singe-gene disorders may have similar symptoms as common conditions, which may lead to 
misdiagnosis. 

• Earlier than typical onset, more severe disease course, and unusual clinical findings are 
indications of an underlying genetic etiology. 

• Diseases for which an underlying etiology cannot be determined are termed idiopathic. 
• Recurrence risks are averages based on data from various groups of families, thus specific 

families may have significantly higher or lower risk than provided by empirical data. 
• There are limitations in applying genetic research to clinical practice due to conflicting 

outcome studies and difficulty in assessing how and what environmental factors affect 
genotype. 

• As predispositional genetic testing becomes more widely available to the general public, 
consumers may turn to their healthcare providers for advice and guidance in choosing 
appropriate tests and determining benefits and risks of testing. 

• According to the Secretary's Advisory Committee on Genetic Testing, when evaluating the 
risks and benefits of a genetic test, you should look at the following criteria: analytical validity, 
clinical validity, clinical utility, and psychosocial consequences. 

RESOURCES AVAILABLE THROUGH THIS MODULE:
• Autism Spectrum Disorders (Pervasive Developmental Disorders)

Autism Spectrum Disorders (Pervasive Developmental Disorders) Informational Page 
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• Clinical genetics evaluation in identifying the etiology of autism spectrum disorders.
Guidelines for physicians in order to assure (1) Assuring an accurate diagnosis of autism 
before proceeding with any investigation. (2) Discussing testing options, diagnostic yields, and
patient investment before proceeding with an evaluation. (3) Communication and coordination 
with the patient's medical home. (4) Assessing the continuously expanding and evolving list of 
available laboratory testing modalities in light of evidence-based medicine. (5) Recognizing 
expanded phenotypes of well-described syndromic and metabolic conditions that encompass 
autism spectrum disorders. (6) Defining an individualized evaluation scheme based on the 
unique history and clinical features of a given patient. 

• GeneReviews-Autism Spectrum Disorders 
Definition, causes, and genetic counseling for Autism Spectrum Disorders. 

• GeneTests.org
The GeneTests Web site is a publicly funded medical genetics information resource developed
for physicians, other healthcare providers, and researchers, available at no cost to all 
interested persons. (From Their Website) 

• Medical Research and Autism (Clinical Trials with Autism)
Clinical trials for the research of Autism. 

• NINDS Autism Information Page
NINDS Autism Information Page 

• The Autism Information Center 
Autism spectrum disorders (ASDs) are a group of developmental disabilities defined by 
significant impairments in social interaction and communication and the presence of unusual 
behaviors and interests. Many people with ASDs also have unusual ways of learning, paying 
attention, or reacting to different sensations. The thinking and learning abilities of people with 
ASDs can vary – from gifted to severely challenged. ASD begins before the age of 3 and lasts 
throughout a person's life. It occurs in all racial, ethnic, and socioeconomic groups and is four 
times more likely to occur in boys than girls. (From Their Website) 

• Twin Concordance and Heritability
For more information about calculating heritability from twin concordance studies review this 
resource. 

• What you can do to be a better risk communicator (Adapted from Gates, 2004) 
Effectively communicating statistical information about risks and benefits is not specific to the 
field of medical genetics. Instead, it is a common challenge in all areas of medicine. This 
resource explains specific steps to make this process easier. 
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