Medical genetics: 3. An approach
to the adult with a genetic disorder
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Abstract

MANY GENETIC DISORDERS DO NOT MANIFEST themselves until the adult years. Such dis-
orders often involve multiple genetic factors interacting with multiple environmen-
tal factors, over time, to produce a phenotype. This paper reviews the modes of in-
heritance of genetic disorders and describes the types of genetic testing that are
currently available. It offers clues that should lead physicians to suspect that an
adult patient might have a genetic disorder and raises issues that should be consid-
ered in counselling the patient about genetic testing. Resources for patients and
their family physicians are also discussed.

Case

A 35-year-old man, who is a new patient, presents at your office complaining of
the insidious onset of weakness and clumsiness over the last 2 years. As you
greet the patient, you note that his face seems somewhat “droopy” and expres-
sionless. He has difficulty letting go of your handshake. Before he sits down, he
tells you that this is a family problem; his sister, mother, maternal uncle and
maternal grandfather are similarly affected. The family wonders whether this
might be a hereditary problem, but no one has yet sought genetic diagnosis.

can be found in the practice of virtually all generalists and specialists. Sim-
ply put, our genetic blueprint influences our health from the moment of
conception until death.

Based on a population study of genetic disorders apparent by the age of
25 years,' about 0.4% of the population have a single gene (Mendelian) disorder,
0.2% have a chromosomal abnormality and 4.6% have a multifactorial condition.
Another 0.1% have an obvious genetic abnormality of unknown inheritance, and
0.3% have congenital problems that are not genetic in nature.

An adult with a genetic disorder diagnosed in childhood, such as congenital
heart disease or Down’s syndrome, might be seen in a physician’s practice. Or a
physician might encounter a new patient whose syndrome was not diagnosed in his
or her younger years. Alternatively, patients may present with new-onset signs and
symptoms of a genetic disorder in early or middle adulthood or even after retire-
ment, because many disorders of adult onset require years to become symptomatic.

In fact, many disorders of genetic origin do not manifest themselves until the
adult years. Most of these fall into the multifactorial category.” That is, multiple ge-
netic factors interact with multiple environmental factors, over time, to produce a
phenotype. When one thinks of common disorders such as hypertension, heart dis-
ease, diabetes and cancer, one has to wonder whether there is any significant adult-
onset disorder that does not have some genetic basis. Indeed, as the genetic code is
deciphered, we are gaining an increased appreciation for the ubiquitous genetic
contribution to adult health and illness.

’ I \ he range of genetic disorders is so broad in nature that affected individuals

Mode of inheritance

Understanding the mode of inheritance of a genetic condition will help the
physician to diagnose the disorder and predict recurrence in future generations.
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Cytogenetic

Cytogenetic abnormalities,’ also known as chromosomal
abnormalities, are responsible for many of the genetic con-
ditions diagnosed in the perinatal period, infancy and child-
hood. However, other than individuals with cytogenetic
disorders who survive to adulthood, or escape diagnosis in
childhood, the cytogenetic diagnosis is rare in the adult
population. Prominent exceptions are chromosome abnor-
malities that present with problems of reproduction.

It is important to appreciate that cytogenetic abnormali-
ties can occur in either the germ line or in somatic tissues.
When we are looking for a genetic diagnosis, we are usually
looking in the germ line. The search for somatic mutations
is the basis for much of cytogenetic analysis important to
cancer prognosis.

Single gene disorders (or Mendelian disorders)

The concepts of dominant, recessive and X-linked in-
heritance have been with us for decades. Many single gene
disorders produce defined diseases of adult life (Table 1).
As our understanding of the mechanisms of gene action has
improved, however, it has become clear that the paradigm
of “one gene — one protein — one disease” does not hold
for many disorders. For example, different mutations to the
dystrophin gene* on chromosome X can produce 2 quite
distinct clinical disorders: Duchenne’s muscular dystrophy

and Becker’s muscular dystrophy. A duplication of a spe-
cific gene’ on chromosome 17 produces Charcot-Marie-
Tooth type Ia; a deletion in the same gene produces
“hereditary neuropathy with tendency to pressure palsy.”
Some gene mutations may be capable of both dominant
and recessive action, depending on the context.” In meta-
bolic disorders,” the heterozygous individual may have mild
signs and symptoms of the more serious manifestation of
the homozygous or hemizygous state. This is particularly
true in the X-linked “recessive” disorders. In Fabry
disease,’ the hemizygous male has serious manifestations of
vascular, renal and skin disease. The “carrier” female may
have milder but stll significant manifestations of the same
nature. The same situation may be seen in autosomal “re-
cessive” conditions. A single mutation in one of the genes
in the homocysteine pathway’ may produce hyperhomocys-
teinemia that may be inherited in a dominant fashion in the
family and predispose to premature atherosclerosis. Should
both alleles of a specific gene in the pathway be mutated,
the more severe syndrome of homocystinuria is present.
Clearly, many mutations inactivate genes. However, gene
mutations do not always result in loss of function. Some mu-
tations stimulate the functioning of genes and this can also
be detrimental to health. For example, a mutation to the su-
peroxide dismutase gene accelerates gene function and re-
sults in a rare form of familial amyotrophic lateral sclerosis.
Genes do not always have the same effect in different
circumstances. A mutation to the tumour suppressor gene

Table 1: Examples of single gene disorders in adults*

Neurology

Muscular dystrophy

Spinocerebellar ataxia

Hereditary neuropathy

Dystonia

Early onset Alzheimer’s disease
Familial multiple sclerosis

Familial amyotrophic lateral sclerosis
Neurofibromatosis

Nephrology

Autosomal dominant polycystic kidney disease
Hereditary nephritis

Disorders of renal physiology
Hematology
Hemoglobinopathies
Hereditary disorders of hemostasis
Hereditary hypercoagulability
Pulmonary disorders
Adult-onset cystic fibrosis
Alpha-T-antitrypsin deficiency
Cardiac disorders
Conduction abnormalities
Cardiomyopathy

Infectious disease
Immune deficiencies
Metabolic disorders
Hemochromatosis
Lipid disorders
Homocysteine
Gastroenterology
Osler-Weber-Rendu disease
Polyposis

Oncology

BRCA1/2

Familial adenomatous polyposis and
hereditary nonpolyposis colon cancer

Familial prostate cancer

Multiple endocrine neoplasia

Hippel-Lindau disease

Li-Fraumeni syndrome

Musculoskeletal disorders

Inherited disorders of connective tissue —
Marfan’s, Ehlers-Danlos, osteogenesis imperfecta
Dermatology

Icthyosis

Bullous disorders

*This is a far from complete list.
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p53" may initiate the familial Li-Fraumeni cancer syn-
drome. But, alterations to p53 are also commonly found in
other tumours, both inherited and sporadic, suggesting that
p53 mutations modify the course of many types of cancer.
Some gene mutations do not always produce the same
effect even in the same family. The mutation for early on-
set torsion dystonia? has a penetrance of 30%-40%. That
is, 60%—70% of individuals with this gene do not have clin-
ical signs or symptoms of dystonia. When the gene is ex-
pressed, the consequences vary from being very mild to
devastatingly severe. These phenomena of incomplete pen-
etrance and variable expressivity make the prediction of
natural history for any individual or family very difficult.
Germ-line mutations may not always be present in all
tissues of the body. Occasionally, a mutation may occur
very early in embryogenesis and only be present in tissues
derived from a single mutant cell. This condition, known as
mosaicism, may produce a limb or organ affected by a ge-
netic disorder while the rest of the body is unaffected. Mo-
saicism may also account for rare instances in which
monozygous twins are discordant for a genetic condition.

Nontraditional

Whereas most genetic material is contained in the cell
nucleus, some genetic material resides in the mitochondria.
Almost all mutations in mitochondrial DNA" are inherited
from the mother, because sperm have very few mitochon-
dria compared with eggs. In fact, this significant difference
between the transmission of mitochondrial and nuclear ge-
netic mutations has allowed archeological geneticists to use
mutations in mitochondrial DNA to estimate the time
frames for the branching of our global human tree."* The
spectrum of mitochondrial disorders is rapidly expanding
and includes many multisystem disorders involving sight,
hearing, muscle function and the brain.

Another form of nontraditional inheritance involves im-
printed genes.” That is, some genetic abnormalities func-
tion differently depending on the parent of origin. The
best examples of this are the childhood syndromes of
Pradi-Willi and Angelman. Both result from deletions to
the same genetic region, but in Prader-Willi the deletion is
always paternally derived, and in Angelman it is always ma-
ternally derived.

Multifactorial

As mentioned earlier, the vast majority of genetic disor-
ders that are not exhibited until adulthood have multifacto-
rial causes (Table 2). Indeed, most of the extremely com-
mon disorders in adults, such as hypertension, heart disease
and cancer, are multifactorial in nature. It is not possible to
assess the effects of one gene out of the context of the full
genetic complement. Nor can we ignore the environment
— past, present and future. The current epidemic in dia-
betes is not because of a massive populationwide mutation

The adult with a genetic disorder

in our genetic makeup. Rather, it is the effect of years of
the Western diet that is high in fats and simple carbohy-
drates exerting its influence on the genetic underpinnings
of the ancient hunter—gatherer.

When to consider a genetic disorder

The same considerations that go into adding a possible
genetic disorder to a neonate’s or child’s differential diag-
nosis apply to adults. Is this disorder genetic or acquired?
How significant is the genetic component versus the envi-
ronmental component? What is the pattern of inheritance?
Is there potential for other members of the patient’s family
to be affected presently or in the future? How can the diag-
nosis be confirmed? Is any specific treatment available for
this genetic disorder, or is the treatment based on clinical
grounds regardless of diagnosis?

There are a few clues that will suggest a genetic diagnosis
in an adult. The family history might point to a genetic dis-
order. A great many disorders of adult onset are dominant
in nature. That is, a mutation in only one of a gene pair is
necessary to produce a genetic problem. (This contrasts
with recessive inheritance in which both genes of a pair
must have a mutation.) Dominant genetic disorders are very
likely to produce a family history, whereas recessive disor-
ders are not. Unfortunately, some dominant conditions
have a high new mutation rate, so your patient might well
be the first case in the family. Alternatively, a positive family
history may not have previously been appreciated, perhaps
because of the small size of the family or dispersion of fam-
ily members. Family members who carried a gene mutation
may have died before they developed signs and symptoms,

Table 2: Examples of common multifactorial conditions
found in adults*

e Addictive disorders

* Aging

e Arthritis

e Asthma and allergy

e Atherosclerosis

e Autoimmune disorders

e Cancer

e Chronic obstructive pulmonary disease
* Dementia

e Epilepsy

*  Hypertension

e Hyperthyroidism and hypothyroidism
e Ischemic heart disease, stroke and peripheral vascular disease
e Major affective disorders

e Obesity

e Osteoporosis

e Renal failure

e Schizophrenia

e Type 2 diabetes mellitus

*This list is, again, far from complete.
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or a genetic diagnosis may have never previously been en-
tertained despite the existence of affected relatives.

Pedigree analysis may be complicated by the phenom-
ena of incomplete penetrance and variable expressivity.'
Incomplete penetrance means that some individuals may
carry a genetic mutation but not express any signs and
symptoms. Variable expressivity means that even though all
affected members of the family have the same mutation,
they may not have identical manifestations. Age of onset
and severity of the condition may vary considerably.

Many disorders known to have a genetic cause are diag-
nosed on clinical grounds, such as the biopsy that reveals a
neurofibroma'” or the iron-filled liver of hemochromatosis."

When a disease occurs at a much younger age than one
would normally expect, it suggests a possible genetic pre-
disposition. For example, breast cancer in a 25-year-old is
very unusual.” Paired with a history of breast and ovarian
cancer in close relatives, this is virtually diagnostic of a mu-
tation to a BRCA gene.”

Physicians should also consider a genetic cause in 3 ad-
ditional circumstances: cases with multisystem involvement
(e.g., the deafness and nephritis associated with Alport’s
syndrome?'), with a multifocal presentation (e.g., the multi-
plicity of polyps throughout the colon diagnostic of familial
adenomatous polyposis”) or with an unusual combination
of events (e.g., early onset osteoporosis and conductive
hearing loss may be indicative of osteogenesis imperfecta®).

Diagnosis

The possibility of a genetic disorder must be enter-
tained, perhaps triggered by the clues described above, be-
fore a diagnosis can be reached. The basis of this diagnosis
is still mostly clinical, based on the patient’s signs, symp-
toms and a good family history. Routine c/inical investiga-
tions may be virtually diagnostic. In fact, in some cases clin-
ical testing may be more sensitive than our currently
available genetic testing. For example, extreme multiplicity
of polyps makes the diagnosis of familial adenomatous
polyposis,* whereas the molecular testing usually available
in hospitals picks up only the 15% of cases caused by the 2
common mutations.

While new molecular diagnostic tests are being devel-
oped and the range of available tests is increasing in many
centres, we still do not have a genetic test for the vast ma-
jority of genetic disorders. Many genes have not yet been
localized. Even when a gene location is discovered by a re-
search laboratory, this may not quickly translate into a
funded and easily accessible test at your local laboratory.

Current modalities of genetic testing
Cytogenetics

The standard cytogenetic tool is a simple count of chro-
mosomes. In this way it is possible to pick up cases of “ane-
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uploidy,” namely, the presence of supernumerary chromo-
somes. The most common example is Down’s syndrome,
which is unlikely to escape detection in infancy or child-
hood. However, cases of Turner’s syndrome” and Klinefel-
ter’s syndrome® may not be picked up until such patients
are seen for infertility. Detailed inspection of the genome’
may pick up large loss (deletion), gain (duplication) or re-
arrangements (translocations and inversions) of genetic ma-
terial. These may be important in the diagnosis of individu-
als with dysmorphic features and an intellectual handicap.
The search for translocations and inversions may be impor-
tant in the investigation of recurrent pregnancy loss”
where, in about 4% of couples, one partner will be found to
have a cytogenetic abnormality as an underlying cause. Fi-
nally, cytogenetics is moving into ever more sophisticated
diagnostics with a technique known as FISH** (fluores-
cence in situ hybridization) that can pick up deletions, du-
plications or rearrangements of genetic material not visible
by usual cytogenetic techniques.

Specific molecular diagnostics

In its most accurate form, molecular diagnostics®* can
look for a known specific mutation to a known specific
gene such as the single base change in the beta globin gene
responsible for sickle cell anemia.”” Another extremely reli-
able form of molecular diagnosis is in the trinucleotide re-
peat disorders.’ Most of these disorders are neurodegen-
erative in nature such as myotonic dystrophy,
Huntington’s syndrome, spinocerebellar ataxias and fragile
X syndrome. Standard numbers of repeats are known for
each target gene within a naturally occurring stretch of re-
peats. When there is expansion of the repeat segment, ge-
netic disease occurs. There is a rough correlation between
the increased number of repeats and the severity of the re-

sulting phenotype.
Molecular screening

Most genetic mutations (about 80%) produce truncated
proteins.”® The search for these shortened pieces of protein
product can yield a likely corollary genetic area to sequence
for causative mutations. The techniques of SSCP (single-
strand conformation polymorphism) and DGGE (denatur-
ing gradient gel electrophoresis) separate bits of DNA by
electrophoretic mobility to target likely areas for total gene
sequencing. Microarray technology (also known as gene
chips) will streamline the process so that hundreds of pro-
cedures can be carried out at once, making molecular diag-
nostics both faster and cheaper.”

Sequencing
This is the gold standard for finding gene mutations.

However, it is prohibitively expensive both in time and
equipment, so we are not currently at the point of sequenc-



ing for many disorders in service laboratories. One of the
confounders of sequencing® is whether an abnormality is
truly pathogenic or merely a polymorphism, a benign
change in a few percent of the population that does not
produce pathology.

Linkage

This is one of the earliest forms of genetic diagnosis”
and is still used occasionally. Unfortunately, it is also very
time and labour intensive and fraught with complications.
First, one must have DNA samples (usually from fresh
blood) from as many firmly diagnosed affected and unaf-
fected family members as possible. Then, the laboratory
chooses markers either within the gene or close to the gene
to compare the affected with the unaffected haplotypes.
Such investigations are made difficult when sufficient fam-
ily members cannot be recruited for study, by the quality of
the markers in question and their distance from the gene of
interest, and the natural tendency of DNA to recombine at
the time of reproduction, therefore producing different se-
quences of genetic information on chromosomes transmit-
ted from parent to child.

Thanks to the Human Genome Project,” the entire
genome has now been sequenced but we do not yet know
the function of most sequences. Understanding the genetic
code may be compared to constructing a puzzle in which
most of the puzzle pieces are missing and the overall pic-
ture is unknown. We must await technological advances to
reach the stage where a genetic analysis is as simple and in-
expensive as a complete blood count.

Management

Replacement therapy has been developed for a small
number of inherited disorders of metabolism such as
Gaucher’s disease,™ but there are few other specific thera-
pies for genetic disease.” By and large, adult-onset genetic
disorders are managed by treating the manifestations of
the disorder clinically (e.g., surgery for cancer or drugs
for lipid disorders). In many cases, such as most of the in-
herited neurodegenerative disorders, there is no treat-
ment at all.

Resources again are the limiting factor. For common ge-
netic disorders, there may well be dedicated clinics, espe-
cially in large academic centres. For rarer genetic disorders,
and certainly in small centres, affected individuals may have
easy access only to their family physician. In the latter cir-
cumstances, the family physician is best armed by knowl-
edge of the closest genetics referral centre, and Web-based
information sites may be of great value.

The knowledge that a patient is predisposed to a specific
disorder, whether it be premature atherosclerosis or breast
or ovarian cancer, may provide significant opportunity for
preventive medicine. Aggressive surveillance programs us-
ing diagnostic radiology or endoscopy or specific prophy-

The adult with a genetic disorder

lactic therapy through surgery or pharmaceutical treatment
may reduce future morbidity and mortality. The patient
may use this information when making important life
choices such as those pertaining to choice of occupation
and reproduction.

Counselling

Extensive counselling can often help individuals and
families understand their predisposition to genetic disease.
The following issues should be discussed with patients be-
fore they undergo genetic testing.

The genetic test’s limitations must be clearly outlined.
Testing may not produce a clearly positive or negative re-
sult. A noninformative test result does not mean that the
patient does not have the disorder in question; it usually
means that a definitive answer is beyond the limits of our
current technology. For example, a service molecular labo-
ratory may test for the 32 most common mutations (90%
of all mutations) in cystic fibrosis, although more than 500
have been described in the literature.”® A patient suspected
of having adult-onset cystic fibrosis may well have one clear
mutation and one of the very rare mutant alleles that rou-
tine testing would not pick up as an abnormal.

The limitations of treatment must be very clear. Just be-
cause a genetic disease has been diagnosed does not neces-
sarily translate into a cure or even a surgical or pharmaceu-
tical treatment that may delay disease progression or
ameliorate symptoms.

There may be potential for prenatal diagnosis. Would
the prospective parents be truly interested in pregnancy
termination, even if signs and symptoms would not mani-
fest until adult years? Should a fetus be tested if the parents
intend to carry the pregnancy to term but there is no treat-
ment, or treatment would not be started until years later?

Individuals may be discriminated against on the basis of
a known genetic diagnosis even before symptoms occur.
Many Americans decline presymptomatic genetic testing
for fear of losing health care coverage. In both the United
States and Canada, individuals may experience difficulty in
obtaining life insurance.”

If the candidate for testing is a child or adolescent, addi-
tional considerations arise.”® Most geneticists take the position
that minors should not be tested unless clear clinical benefit is
evident. Otherwise you have merely procured knowledge of
no benefit and created the potential for detriment.

Resources

There are genetics clinics in many large hospitals in
Canada, particularly those associated with university cen-
tres. Questions regarding genetic assessment, whether clini-
cal or laboratory, may be addressed to these centres. Spe-
cialized clinics such as adult cystic fibrosis or cancer genetics
clinics are also excellent resources. Beyond their clinical
functions, disease-specific clinics are often excellent door-
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ways to research for interested patients and their families.

National patient support groups exist for the more com-
mon genetic disorders and may be a tremendously valuable
resource for affected individuals and their families. For ex-
ample, the Canadian Muscular Dystrophy Association is an
umbrella group for many of the genetically inherited neu-
romuscular disorders. Some families prefer not to become
involved in patient support groups, and this position must
be respected. And, for better and for worse, patients and
health care providers alike can access the Web to obtain in-
formation of wide-ranging validity.

The case revisited

You obtain a history from your patient. He is having
difficulty with his employment as a construction worker.
He can no longer climb a ladder and is unable to carry
any weight greater than 4.5 kg because of muscle fatigue.
At home, he has difficulty climbing the stairs and has even
had a few falls when his “feet became tangled.” He has
started driving his car, which is an automatic, with both
feet, using the right for the accelerator and the left for the
brake, because he cannot get the right foot to work
quickly enough to use it alone. He states that the family
members mentioned previously are similarly affected. You
also learn that his grandfather is now in a wheelchair at
the age of 83 years and that this man has diabetes,
cataracts and a pacemaker. Your patient’s mother also has
diabetes. The patient and his affected male relatives all
have frontal balding, whereas other male family members
have full heads of hair. You note on physical examination
that the patient is generally weaker than you would expect
for a 35-year-old male and, in addition to release prob-
lems, as in letting go of your handshake, he also has per-
cussion myotonia.

With this history, you are very suspicious of myotonic
dystrophy” (Table 3), which is one of the most common of
the neurodegenerative disorders with a population inci-
dence of about 1 in 8000. You decide to refer the patient to
your local medical genetics clinic for further counselling
regarding the inheritance of this disorder.

Once the referral has been received in the medical ge-
netics clinic, it is usually assigned to a medical genetics
counsellor. These are individuals who have a Master’s de-
gree in genetic counselling. The counsellor will contact
the patient and obtain information regarding the family.

Table 3: Main features of myotonic dystrophy

Cardiac Rhythm disturbance, cardiomyopathy

Cutaneous Frontal balding

Endocrine Insulin resistance, diabetes, testicular
atrophy

Ocular Ptosis, cataracts

Other Sensitivity to anesthesia, gastrointestinal

dismotility
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The pedigree will be constructed (Appendix 1, Fig. 1%)
and confirmatory records for family members may be re-
quested. Once all the relevant information is obtained, the
patient will be booked for an appointment with the geneti-
cist (an MD with training in medical genetics). The ge-
neticist and genetic counsellor will then meet with the pa-
tient (and any family members the patient wishes to
accompany him or her). As at any other medical appoint-
ment, the physician will obtain a personal history and per-
form a physical examination. The pedigree will be dis-
cussed so that the patient may add or alter information as
appropriate. The geneticist will then discuss the diagnosis
based on all the information available. Should there be a
differential diagnosis, this will also be discussed. Options
for investigation, including specific genetic diagnostics,
will be explored. Limitations of testing and all the pros
and cons of testing will be discussed. Genetic testing will
proceed only with the patient’s full consent, and written
consent for testing may be obtained for certain disorders.
Counselling will cover the pattern of inheritance, the man-
ifestations and prognosis of disease, and the risk of recur-
rence for offspring. For disorders of dominant inheritance,
the risk that the gene mutation has been passed by the af-
tected parent to the offspring is 50%. Discussion of fur-
ther testing for the family, including the advisability (or
not) of testing children will be addressed. The patient may
be referred to neurology for more specific neurological
testing (e.g., electromyography) and advice regarding
management. Alternatively, this referral may be left to the
judgement of the referring physician. The patient will also
be given information about appropriate patient support
groups. Usually, a further option for more counselling
may be given, particularly when the results of genetic test-
ing become available. The results of genetic testing may be
available in weeks, sometimes months. In the case of re-
search genetic testing, results may not be available for
years, or perhaps may never become available. All infor-
mation will be summarized in a letter that will be for-
warded to the patient’s physician(s).

What does the future hold?

We will continue to further elucidate genetic mecha-
nisms for single gene, gene—gene and gene—environment
interactions. For known disorders, we may further refine
genotype—phenotype correlations. That is, where gene mu-
tations occur in several positions in the gene, there may be
variance in the constellation of signs and symptoms.

We will grapple ever more increasingly with ethical is-
sues. Dolly the sheep, cloning humans or body parts, and
the use of embryonal tissue for research have all been high-
lighted in the popular press. Who will control our genetic
information? What could happen if decisions about you
were made by others based on your genetic blueprint, as in
the film GATTACA? Are we entering an entirely new era

of eugenics?



Summary

Genetic contribution to adult disease is common but,
unfortunately, genetic disorders are often overlooked in the
differential diagnosis. We now have a significant ability to
diagnose genetic disorders, considerable information re-
garding prognosis, and some ability regarding treatment or
prevention. It is definitely worthwhile to pursue a genetic
diagnosis, both for the patient and for the patient’s family.

The adult with a genetic disorder

The successful completion of the Human Genome
Project marks the end of a decade of exponential growth
in our understanding of genetic disorders. The sequenc-
ing of the human genome is only the beginning. Progress
in identifying the links between specific gene mutations
and specific disorders and in understanding the mecha-
nisms by which genes influence health will add to our
arsenal of tools to address the health care needs of our
patients.
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The adult with a genetic disorder

Appendix 1: Obtaining a family history and constructing a pedigree

Documentation of a family history by pedigree is one of With regard to medical history:

those situations in which a picture is worth a thousand
words. A properly constructed pedigree outlines family
relationships, reproductive events and medical problems far
more clearly than any amount of written description. We
recommend that you begin by dedicating sufficient time
and space to constructing the pedigree. Small, messy and
rushed will translate into unintelligible. Your patient should
be clearly identified by an arrow.

There are 2 general formats you may follow:

e Construct the rough pedigree using patient relationships
only. Then fill in the medical history.

e Construct the pedigree individual by individual
including all information regarding medical history.

With regard to relationships:

a. Always ask about consanguinity. That is, is there any
degree of relationship in any parent couple?

b. Ancestral origin may also be important, particularly if
the family is known to come from a specific geographic
locality or ethnoreligious group. Certain disorders are
more common in certain groups, namely, BRCA
mutations and Tay-Sachs disease in the Ashkenazim,
thalassemia in the Chinese, hemochromatosis in
individuals of Northern European origin.

c. Always identify relationships correctly. Patients may not
distinguish full siblings from half siblings or adopted
siblings unless specifically asked. Simple questions to
elucidate this information include the following: “Do
all siblings have the same parents?”; “Are there any
children from previous relationships?”

d. Always ask about deceased family members. Patients
may not include them in the pedigree, because they
may assume that you are only interested in living
family members.

e. Use caution when exploring information about
pregnancies. Current partners may be unaware of
previous pregnancies, whether resulting in termination
or a live birth.

f.  Always construct a pedigree for at least 3 generations
on both the maternal and paternal sides. Particularly
with respect to common disorders of adult onset, you
may find bilateral evidence of affected individuals,
namely, for cancer, diabetes mellitus and heart
disease.

a.

Focus on those medical conditions in which you are most
interested as well as related disorders, e.g., when assessing a
patient for a family history of atherosclerosis, one would ask
about strokes, heart disease and peripheral vascular disease,
as well as lipids, hypertension, smoking and diabetes. To
compile an absolutely complete family history of all health
problems would consume too much time and be confusing.

Use a judicious combination of specific and general
questions, e.g., you might ask about relatives who had heart
attacks. Further questioning about “heart problems” may elicit
more information about individuals who have had angina or
bypass surgery without heart attacks. Colloquial descriptions
may elicit more information than medical questions, e.g.,
patients might not know what peripheral vascular disease
means but can easily provide information about a relative who
has had an amputation for circulation problems.

Remember that patients generally do not know a great deal
about medical disease or anatomy. Cancer of the stomach
may mean exactly that, or it may mean some cancer in the
abdominal area. Great-aunt Mary’s mastectomy could have
been performed for cancer, or it might have been for chronic
mastitis. Female gynecological problems are often not
discussed by family members and tend to get lumped
together. A family history of cervical versus ovarian versus
uterine cancer may make quite a difference in the
interpretation of the pedigree. Clarify as much as possible.
Obtain records if critical. Document the age of onset of
medical conditions as well as age at death.

Always ask at the end if there is “anything else than runs in
the family.” (Note: this is not a good opening question as it is
really very broad-based.) You might only elicit a history of
poor eyesight that is not contributory. Or, you might find out
that someone in the family has already been diagnosed with
a specific genetic condition that may be relevant to your
assessment. As in the standard history, a useful summary
question might be the following: “Is there anything else
about the family that you think I should know.”

Be sensitive to the possibility that review of the family history
can provoke emotional reactions.

Summary:

Taking a family history has always been part of the routine
medical assessment. Unfortunately, it often falls by the wayside,
particularly in the treatment of acute illness. However, it can be a
valuable clue to diagnosis. In the setting of preventive medicine,
the family history may provide the risk assessment tool to initiate
recommendations that may modify your patient’s future health.
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