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Summary

The cloning of the Huntington disease (HD) gene allows
highly accurate predictive testing using direct analysis of
the CAG repeat. This new test provides results with almost
complete certainty but poses unique counseling issues re-
lated to direct testing for an adult-onset disease. These in-
clude testing individuals who are at 25% risk, without the
need for blood from a 50% at risk relative; the assessment of
symptomatic individuals; the need for ongoing counseling
despite simplification of laboratory procedures; and coun-
seling of persons from families who represent a new muta-
tion for HD. This paper describes protocols for direct pre-
dictive testing for adult and prenatal assessment, on the ba-
sis of the experience of the Canadian Collaborative Study
on Predictive Testing (CCSPT). Over the past 8 years, we
have provided >400 results by using linked markers and,
more recently, 416 results by using direct assessment of
CAG expansion in the HD gene. The vast majority (86%)
of requests for direct predictive testing have been from per-
sons who have not previously received results by using
linked markers. Despite the ability to now directly assess
for the mutation associated with HD, we still recommend
assessment of DNA from an affected relative, as this may
significantly enhance the accuracy of information to be
provided to the at-risk individual. Distance from a genetics
center has previously limited the availability of testing, and
therefore we have developed approaches to providing pre-
dictive testing in the patient's own community.
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Introduction

Huntington disease (HD) is an autosomal dominant neuro-
psychiatric disorder that usually presents in adult life, with
mood and personality changes, clumsiness, and chorea. The
disease is progressive, with cognitive decline and worsening
of the movement disorder, resulting in death - 15-20 years
after onset (Hayden 1981; Harper 1991). At present there is
no effective treatment for this disease. After the discovery
of the first DNA marker linked to HD (Gusella et al. 1983)
and of additional markers that enhanced the informative-
ness of testing (Wasmuth et al. 1988), predictive testing be-
came an option for some families.

In 1986 a pilot project on predictive testing was estab-
lished to assess the feasibility of a long-term, prospective
study of the impact of predictive testing on individuals and
families with HD, by using quantitative and qualitative psy-
chosocial assessment (Bloch et al. 1989; Fox et al. 1989). In
1988 the research program expanded to include 14 centers
from across Canada. Over the past 7 years, >600 individuals
have entered the program and >400 individuals have received
results. Prediction was based on the inheritance of the linked
DNA markers and required blood samples from multiple
family members. From its inception, this study was multidis-
ciplinary, involving physicians, geneticists, counselors, psy-
chologists, neurologists, psychiatrists, ethicists, and represen-
tatives of the lay groups, and, more recently, an anthropolo-
gist and a sociologist have joined the research team.
Preliminary results suggest that predictive testing may have
benefits for the psychological health of persons who have
received results through a structured predictive testing pro-
gram (Wiggins et al. 1992). However, in - 10% of individuals
who received an increased or decreased risk result, serious
psychiatric difficulties were encountered (Bloch et al. 1992;
Huggins et al. 1992).

Prior to the discovery of the gene, predictive testing us-
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ing linked markers had become a regular clinical service in
19 countries (Brandt et al. 1989; Quaid 1992; Tyler 1992;
Bennett et al. 1993; Harper et al. 1993). By the end of
1991, despite prior estimates of 50%-70% (Mastromauro
et al. 1987; Meissen and Barchek 1987), only an estimated
5% of persons at risk worldwide had participated in pre-
dictive testing (Harper et al. 1993). Specific factors limiting
participation included concern about an increased risk re-
sult and the absence of any treatment to halt the progres-
sion or reduce the severity of the illness (Quaid and Morris
1993; Babul et al. 1993).
The discovery of a novel gene (IT15) containing a tri-

nucleotide repeat (CAG) that is expanded on HD chromo-
somes (Huntington's Disease Collaborative Research
Group 1993) now allows a highly accurate predictive test
using direct analysis of the CAG repeat. This trinucleotide
repeat is located in the 5' region of the gene, and expansion
of the CAG is associated with HD in >99% of affected
individuals who were given the clinical diagnosis of HD
(Andrew et al. 1993; Kremer et al. 1994). Numerous issues
relating to the sensitivity and specificity of the test have
now been examined. In particular, specific CAG repeat
ranges seen in affected persons have been determined, and
the overlap with a large number of normal chromosomes
has been examined. Furthermore, the CAG expansion ap-
pears to be highly specific for HD and is not seen in nu-
merous other neuropsychiatric disorders that may have
clinical overlap with HD (Kremer et al. 1994).
More centers are offering direct mutation analysis of the

HD gene as the laboratory analysis required has become less
complex. However, at present, little is known as to either
how individuals will react to more definitive results or what
role the previous level of uncertainty played in maintaining
hope, optimism, and positive psychological health.

Direct testing is likely to be more frequently requested
than was the case for testing using linked markers. In a
study that assessed the potential use of a highly accurate
test for HD, 80% of persons who were not able to have
predictive testing using DNA markers and 72% of individ-
uals who had previously received a result in a predictive
testing program indicated that they would request more
accurate testing, once it became available (Babul et al.
1993). Many centers with little previous experience of pre-
dictive testing using linked DNA markers may underesti-
mate the ethical dilemmas, family issues, and laboratory
complexities that may become apparent when predictive
testing for HD by using direct assessment for the mutation
is offered (Huggins et al. 1990; European Community
Huntington's Disease Collaborative Study Group 1993;
Simpson and Harding 1993). Here we present our ap-
proach and initial results of direct predictive testing for
HD in Canada.

Methods
The Clinical Protocol
To assist the modification of our research protocol to

clinical service, we sent a questionnaire to patients who

had participated in the predictive testing program, asking
which aspects of the research protocol should be retained
in the service guidelines. The purpose of the questionnaire
was to determine which aspects patients felt were impor-
tant (Babul et al. 1993). A questionnaire was also mailed to
the clinicians involved in the research (Copley et al. 1993).
Response to the mailed questionnaire was good (257/354,
or 73%). Patients indicated that the pretest counseling, in-
cluding the self-assessment questionnaires, was of great
value. They felt that a minimum of two sessions should
be offered prior to results and that follow-up counseling
should be available at regular intervals. Although profes-
sionals and patients generally agreed on components of the
program, there were some significant differences of opin-
ion. For instance, significantly more participants than pro-
fessionals thought it essential that a 24-h contact phone
number be provided as part of a service program (P
= <.001). In addition, more participants (23%) than pro-
fessionals (6%) thought that it was not at all important that
the family physician be informed of the patient's involve-
ment in a predictive testing program (Copley et al. 1993).
These two factors influenced the decision to consider in-
cluding a contact phone number and to follow the pa-
tient's direction as to when and if to contact the family
physician, as part of the program.

Protocol for direct predictive testing-adult.-The aim
of adult predictive testing is to provide asymptomatic in-
dividuals with access to information that can reduce the
uncertainty of living at risk forHD and to ensure provision
of support to promote healthy adaptation to their changed
status. It is crucial that predictive testing programs be de-
signed with adequate safeguards to facilitate a positive
outcome and to minimize possible harm.
The guidelines presented here are not intended to be

prescriptive but to create a framework for the delivery of
adult direct predictive testing (fig. 1) and prenatal testing.
They are designed to be flexible, as each clinical situation
is unique and many centers may not have all the recom-
mended services available. Furthermore, for some persons
who have already participated in predictive testing, modi-
fication of the protocol may be warranted.

General guidelines.-Participation in our predictive
testing programs is guided by the following eligibility cri-
teria: the individual must (1) have a confirmed family his-
tory of HD and an a priori risk of 50% or 25%, (2) be able
to provide informed consent, and (3) not have been given
an established clinical diagnosis of HD (as predictive test-
ing is for persons who consider themselves to be at risk).
We recommend that predictive testing continue to be

coordinated through a genetics center. Within the genetics
center the predictive testing team ideally would consist of
two professionals, including a geneticist and, if possible,
a genetic counselor or other qualified professional (e.g.,
psychologist or social worker). A multidisciplinary ap-
proach is ideal but may not be feasible in some centers.
Involvement of family physicians is recommended, as they
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Figure I Summary of the predictive testing guidelines

can provide valuable local support for some individuals
(Mennie et al. 1990). However, physician participation is
not a requirement for receiving results and is only estab-
lished after specific discussion with the participant.

Patients are encouraged to bring a support person (e.g.,
spouse or close friend) to as many counseling sessions as

possible. Involvement in the counseling process provides
the support person with an understanding of the issues in-
volved in testing and enables him or her to provide in-
formed emotional support to the patient throughout the
testing process. However, it is recognized and accepted
that some persons choose to go through testing without a

designated support person in attendance at the counseling
sessions.

If the patient has never received counseling on the natu-
ral history, genetics, and clinical features of HD, we pro-

vide this information in a session prior to formal enroll-
ment in predictive testing. Individuals who have only re-

cently been informed of their risk status or who have had
no previous experience of HD may need more time to ad-
just to their new situation, prior to initiating testing. Pa-
tients are assured that participation in predictive testing
is completely voluntary and that all information obtained
through predictive testing is strictly confidential. Results
are only to be disclosed only to other parties with the ex-

press written consent of the patient.
Pretest Counseling-Session 1.-The aims of pretest

counseling are to provide the patient with information
about predictive testing and to explore the benefits and
potential harm of receiving a test result. We present a bal-
anced clinical description of HD, the limited treatment op-
tions, and the potential developments emanating from fu-
ture research. The patients' decision-making processes are
explored and the motives behind the decision to take the
test are clarified.
The educational component of this session consists of

information about the nature of the predictive test and the
limitations of direct testing. We discuss the possible test
results. Patients are encouraged to review life- and disabil-
ity-insurance policies and to be aware of the possible im-
plications that the test results have for future health care
and employment (Quarrell et al. 1989; Billings et al. 1992).
We also provide written information about direct predic-
tive testing, which the patient can take home and review at
leisure.
We take a medical, psychiatric, and family history, with

particular emphasis on the occurrence of any major affec-
tive disorders or suicide attempts on the part of the patient
or family members. The patient's psychological status is
assessed, as adverse reactions to predictive testing results
have been noted in some individuals with a psychiatric his-
tory (Kessler 1987; Lam et al. 1990; Huggins et al. 1992).
In some centers the psychosocial assessment includes both
an interview and questionnaires. The questionnaires (table
1), take '30 min to complete, are easy to score, and pro-
vide the counselors with an independent useful assessment
of the patient's psychosocial status. If the combined re-
sults of psychosocial and clinical assessment and psychiat-
ric history raise concerns about the psychiatric status of
the patient, a separate counseling session and/or referral
to an appropriate mental health professional is offered. At
this point, possible postponement of predictive testing
may be discussed.
We inform people that they may withdraw from testing

at any time. Furthermore, we specifically inform persons
that, despite significant progress in research, there is still
no treatment to halt or retard progression of this illness.
Once the patient has decided to proceed with testing, a
written consent for predictive testing is obtained.

Individuals at 25% risk.-For individuals with a 25% a
priori risk, the test result may confer a change of risk status
for other family members, such as an at-risk parent who
may not wish to know this information and may not have
access to appropriate counseling. The ethical and social
implications of this testing are complex. If the 50%-at-risk
parent is alive, involvement of this parent in counseling is
recommended, as results of direct testing of an offspring at
25% risk may result in a predictive test for the parent. If
the parent wishes to have predictive testing, he or she is
enrolled in a program and receives results before the 25%-
at-risk patient does. If, after counseling, the parent de-
clines to be tested or is unavailable, then the rights of the
25%-at-risk patient to receive results need to be consid-
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Table I

Psychological Assessment Questionnaires Used in Predictive Testing

Name of Questionnaire Description Reference

Demographics ................ .......... Covers areas of employment, relationship status, Available from authors
drug use, and previous psychiatric history

Symptom Check List (SCL-90R) ........... Measure of global distress Derogatis 1975
Beck Depression Inventory (BDI) ......... Measure of clinical depression Beck et al. 1961

ered (World Federation of Neurology Research Commit-
tee Research Group on Huntington's Chorea 1990). One
option would be to offer exclusion testing, using linked
markers, in the hope of excluding the risk of HD in the
individual at 25% risk, without disclosing the risk to the
parent. If HD cannot be excluded, predictive testing using
direct analysis is offered.

Neurological examination and testing ofsymptomatic in-
dividuals.-Prior to the neurological examination, the
counselor should ascertain if the patient is aware of any
symptoms or has concerns that he or she may be showing
signs of HD. Individuals are allowed to choose if they
would want to know if they are at present showing clinical
signs of HD (Bloch et al. 1993). We assess the patient's
readiness to receive a clinical diagnosis, as obvious clinical
signs do not necessarily indicate that the patient wishes to
be diagnosed; if the patient does not so wish, he or she
may choose to continue with the predictive test rather
than proceed to diagnosis.

Preparation for predictive testing results-Session 2.
A session is scheduled 1-2 wk prior to results and is
designed to answer any questions regarding predictive test-
ing and to provide additional counseling. Individuals are
again given the opportunity to decline testing at this ses-
sion. Previous experience has shown that -25% of indi-
viduals who enter a program decide not to receive results
(Wiggins et al. 1992; Quaid and Morris 1993). The profes-
sionals who are involved in the care of the patient at this
point have no knowledge of the DNA results, to enable
unbiased counseling. To enable this, the laboratory results
are not revealed to the counseling team until shortly be-
fore the latter is ready to provide results. Counseling fo-
cuses on personal feelings about the test and on prepara-
tion for different possible test outcomes. Details concern-
ing the delivery of test results, which include the time and
the people to be present, are shared. A date is set for deliv-
ery of results, and the date for the first follow-up is ar-
ranged, to avoid having to do this at the results session.
A card with a phone number for telephone contact with
members of the predictive testing team is provided.

Results.-Results are presented in a clear, direct, unam-
biguous, nonjudgmental fashion. Even with adequate
preparation, the results often precipitate shock in both the
candidate and the support person. It is sometimes helpful
to create an opportunity for the patient to spend some
time alone with the support person during this session.

Follow-up sessions. -These are designed to provide con-
tinuing support and contact for individuals who are ad-
justing to their new risk status. Support networks are mo-
bilized, and follow-up continues for <1 year following re-
sults, in both the increased- and decreased-risk groups
(Bloch et al. 1992; Huggins et al. 1992). In general, persons
with an increased risk more frequently have adverse events
in the first few months after testing, while persons receiv-
ing a decreased risk may have adverse events many months
after receiving results (Huggins et al. 1992).
A planned counseling session <2 wk after receipt of re-

sults is offered for all patients. For individuals who have
inherited the HD mutation, we recommend personal in-
terviews at 6 mo and 1 year. If they have not inherited the
HD mutation, we recommend follow-up phone contact at
6 mo and a personal interview at 1 year. All patients are
invited to contact the predictive testing team, as they feel
necessary, at any other times.

Testing individuals who live a significant distance away
from a genetics center-a community-based protocol.-
Many individuals live a significant distance away from cen-
ters providing predictive testing programs. Physical dis-
tance from a genetics center is a significant barrier prevent-
ing some individuals from participating in predictive test-
ing. In 1987, a community-based predictive testing
program was established in British Columbia to provide
genetic counseling and to offer predictive testing to these
individuals. The program combines the services of a genet-
ics center and utilizes the available professional support
counseling within the local community.

Because of the complex nature of the predictive test, the
initial session (session 1) is conducted at a genetics center,
while all other sessions are conducted in the patient's com-
munity, with a designated health professional. This profes-
sional (e.g., family doctor, nurse, social worker, or psy-
chologist) is chosen by the patient and works with the pre-
dictive testing team to provide information, results, and
counseling to the patient in the community. The genetics
center provides the professional with information about
HD and predictive testing (e.g., video or written informa-
tion) and the results of the psychological assessment based
on the individual's questionnaire responses. In the pa-
tient's community, a counseling session is undertaken by
the professional before results are given, and follow-up is
arranged. The patient is given the option of visiting the
genetics center at any time.
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Figure 2 Direct prenatal testing. The parent is clinically affected
with HD and has been confirmed to have CAG expansion in the HD
range. If CAG repeat length in the fetus is 40/19, the fetus has inherited
the HD mutation; if it is 19/15, the fetus has not inherited the HD mu-

tation.

The Protocol for Prenatal Testing
Prenatal testing is currently available to individuals and

their partners who either are at 50% a priori risk or are

affected with HD. Counseling is available regarding differ-
ent options, including prenatal diagnosis, discussion of the
different procedures available (amniocentesis and chori-
onic villus sampling), and the impact of possible outcomes.
Prenatal testing for HD may be offered in the following
situations:

Parent has a clinical diagnosis ofHD (fig. 2).-The par-

ent is affected with HD and shows CAG expansion. The
status of the fetus can be assessed by direct gene testing.

Parent at increased risk (fig. 3).-The parent has had
predictive testing using linked markers and was deter-
mined to be at increased risk. Where possible, we would
recommend that the status of the at-risk parent be clarified
by direct gene testing prior to pregnancy. If the parent is

confirmed to have CAG expansion in the HD gene, the
status of the fetus can be assessed by direct gene testing.

Parent at 50% risk.-In the situation where a parent is

at 50% a priori risk and has had no prior clarification of
risk status, two options are available if the couple wish to
proceed with prenatal testing:

a. Direct gene testing.-The status of the fetus can be as-

sessed by direct gene testing. If the fetus has no CAG
expansion, then HD has been excluded and no infor-
mation is learned about the parent. If, however, the fe-
tus is shown to have CAG expansion in the HD gene,

44/22 18/18

Figure 3 Direct prenatal testing. The parent is clinically un-

affected and has chosen to have predictive testing, which has indicated
the presence of CAG expansion in the HD gene. If CAG repeat length in
the fetus is 44/18, the fetus has inherited an HD gene; if it is 22/18, the
fetus has not inherited an HD gene.

DD DD

CC 20/20 CC 20/20

BC 15/20 BC 44/20

Figure 4 Prenatal diagnosis by exclusion testing. Parent is at 50%
a priori risk for HD and has chosen not to have a predictive test. If the
family structure is appropriate, linked markers could be used to exclude
HD from the pregnancy. If HD is not excluded, then direct gene testing
to clarify the fetus's risk could be offered. However, if the fetus was

shown to have CAG expansion in the HD range, this results in a predic-
tive test for the at-risk parent. In the upper pedigree, DC = low risk;
and BC = 50% risk, linked to risk for the parent. Direct testing (arrows)
produces one of two results-i.e., that the fetus has not inherited an HD
gene (lower-left pedigree) or that it has not (lower-right pedigree).

then the parent simultaneously receives a predictive test
result, as well as learning the status of the pregnancy.

This situation, however, results in the added stress of
the parent receiving a personal predictive test at the
same time as he or she learns that the fetus has inherited
the HD gene.

b. Exclusion testing using linked DNA markers (fig. 4).-
The parent is at 50% a priori risk and prefers not to
have predictive testing for him- or herself. In this sce-

nario, the fetus's a priori risk can be changed from 25%
to low risk or to a risk similar to that of the at-risk
parent (i.e., close to 50%). No information is learned
about the at-risk parent. Exclusion testing can still be
offered in some families, as an alternative to direct gene
testing of the fetus. However, prior to the testing, the
counselor discusses with the parent(s) the possibility
that the fetus may be found to be at 50% risk. If their
decision in this situation would be to elect to continue
with direct gene testing, we suggest that direct gene
testing be the first option, thus avoiding the laboratory
costs and time involved in linked-marker analysis.

Prenatal pretest counseling.-Where possible, precon-
ception counseling is preferred, as this provides sufficient
time to assimilate the complex information and to explore
the different reproductive options available. If the par-
ent(s) is definitely not considering termination, the reasons
for having prenatal testing are explored. Issues such as the
child's right to make his or her own decision about receiv-

19/21

40/19 15/15
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ing predictive testing results, as well as the potential impact
that this knowledge will have on raising a child, are dis-
cussed (Bloch and Hayden 1990). In our experience, cou-
ples do not choose to proceed with prenatal testing if the
procedure will have no influence on the pregnancy. If how-
ever the parent(s) elects to continue with a pregnancy
when testing has shown that the fetus has inherited the
HD gene, it is important to offer continuing counseling to
the family.

In previous years the number of couples choosing to use
prenatal testing in HD has been small (Adam et al. 1993;
Quaid and Morris 1993). Parents' feelings about their abil-
ity to cope with the stress of learning of an increased risk
for the fetus should be discussed. In this situation a parent
may also simultaneously receive results of predictive test-
ing. Professional and social support networks should be
explored. This is especially important during prenatal test-
ing, as the parent(s) may avoid telling people about the
pregnancy, for fear of having to proceed with a termina-
tion of pregnancy, thus isolating themselves from their
usual sources of support when they are in most need of
them.

Prenatal results and follow-up.-The availability of coun-
seling following prenatal testing is important, especially in
the first month. A common misconception about exclusion
testing is that the risk to the at-risk parent has also been
altered. For couples contemplating another pregnancy,
other issues to be addressed include recognition of the op-
tion of not feeling obliged to use prenatal testing in subse-
quent pregnancies.

Laboratory Protocol for Direct Predictive Testing
Variations in the specific ranges of CAG repeats desig-

nating the normal, HD, and intermediate ranges have been
reported (Duyao et al. 1993; Snell et al. 1993; Andrew et
al. 1994b). It may therefore be necessary to clarify the
ranges with the laboratory providing the clinical testing
for each center. To ensure accurate determination of the
number of CAG repeats, it is important that the length of
an adjacent variable CCG polymorphism (7-12 repeats) be
accurately assessed (Andrew et al. 1993; Rubensztein et al.
1993) or that CAG size be directly assessed using primers
flanking only the CAG repeats (Andrew et al. 1994b). This
is especially important for CAG expansions of 42 or less.
In a series of 995 affected persons, the lower range of CAG
repeats was found to be 37 repeats, except for a single
affected individual who has 36 repeats (Kremer et al. 1994).
A test result ofCAG repeats in the range 30-36 is therefore
indicative of an intermediate allele (IA). While this means
that this person at risk will in all likelihood not develop
HD, there may still be a risk of HD to that person's off-
spring, particularly if the transmitting parent is a male
(Goldberg et al. 1993a, 1993b).
The critical issue for at-risk persons is whether they will

develop signs and symptoms similar to those seen and di-
agnosed as HD in the parent. To clarify the analysis, where

possible, DNA from one affected family member is re-
quested. Table 2 shows the potential alterations in risk
provided by the Vancouver group, based on different
DNA results. Finding an expanded CAG repeat in the HD
range in an affected relative confirms that HD is associated
with the CAG expansion in that family. Therefore, the ab-
sence of the CAG expansion in the proband is evidence
that he or she has not inherited the mutation and will not
develop signs and symptoms of HD. On one occasion in a
family with established HD and CAG expansion, there is a
report of a symptomatic person with a presentation similar
to HD who does not have CAG expansion. While this re-
mains unexplained at the present time, this is most likely
due to another illness (Andrews et al. 1994a) (table 2).
The finding that all affected persons in a family sus-

pected of having HD do not show CAG expansion in the
HD range means that the HD phenotype is not linked to
CAG expansion in that family. In this case, the failure to
detect CAG expansion in the proband does not mean that
he or she has not inherited the disorder found in the par-
ent. The person at risk may still have a 50% chance of
developing the same illness seen in the affected parent. In
the absence of both DNA from an affected relative diag-
nosed with HD and no CAG expansion in the at-risk per-
son, we counsel that there is a <1% risk of developing
signs and symptoms similar to HD. This is based on the
finding that a very small number of persons with a clinical
diagnosis of HD do not have CAG expansion (Andrew et
al. 1994b).
On rare occasions, persons with repeats in the affected

range (36-38) may not yet have manifested signs and symp-
toms even after living to an advanced age (>80 years). In
addition, very rarely (1 in 1,595 chromosomes), asymp-
tomatic persons not knowingly related to anyone with HD
will have repeats in the affected range (Kremer et al. 1994).
One unaffected, unrelated spouse had a CAG repeat length
of 39, with no history ofHD over two generations. At this
stage, we do not know whether such persons without a
family history of HD who are found to have expanded
CAG repeats in the HD range will develop HD, as studies
to date have only focused on affected persons. It is con-
ceivable that, if these persons lived long enough, they
would manifest signs and symptoms of HD. For these rea-
sons and until there is additional information, in the ab-
sence of both blood from an asymptomatic affected rela-
tive and the finding ofCAG expansion in an at-risk person,
we counsel that there is a >99% likelihood that the person
will develop HD. In this situation, although unlikely (this
has occurred in 1 of 593 families studied), the expanded
CAG triplet could have unexpectedly come from an un-
affected spouse and not from the affected parent. Caution
still needs to be exercised in counseling persons for whom
DNA from an affected relative is not available.
At the present time our laboratory does not routinely

report the size of the CAG expansion. There is a well-es-
tablished inverse correlation between age at onset and re-
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Table 2

Interpretation of CAG Repeat Lengths in Persons at Risk for HD

CAG Size
Situation (no. of repeats) Interpretation

Affected family member ....... >36
At-risk person .................. >36 Will develop signs and symptoms of

HD in the future
Affected family member ....... >36
At-risk person .................. <30 Will not develop signs and symptoms

of HD in the future
Affected family member ....... <30
At-risk person .................. <30 May still have a 50% chance of

developing signs and symptoms
similar to those seen in parent

Affected family member ....... DNA unavailable
At-risk person .................. >36 >99% chance of developing signs

and symptoms of HD
Affected family member ....... DNA unavailable
At-risk person .................. <30 <1% chance of developing signs and

symptoms of HD

peat length (Andrew et al. 1993; Duyao et al. 1993; Snell et
al. 1993). However, for the majority of individuals (those
with repeat sizes 36-50) the 95% confidence intervals for
prediction of age at onset are very broad. This informa-
tion, therefore, cannot generally be used to predict an ac-
curate age at onset, although it might be useful for those
with significantly expanded CAG repeats (>50). Further-
more, for persons with CAG repeats <40, information that
the predicted age at onset is extremely broad is important.
For example, the small number of persons with CAG sizes
in this range have not manifest, even having lived >80
years.

Testing Relatives ofPersons Who Represent Probable New
Mutations for HD

Patients with suspected HD who do not have a con-
firmed clinical family history of this illness are not rare and,
in one large study, represented 11% of a cohort of >1,000
patients. This study also demonstrated that the mutation
rate for HD may be much more frequent than previously
recognized, accounting for >3% of families with HD
(Goldberg et al. 1993b).
New mutations have been shown to be caused by ex-

pansion of an IA of 30-36 CAG repeats in the HD gene in
the parents of the sporadic case, to CAG repeats >36 that
are associated with the phenotype of HD (Goldberg et al.
1993b; Myers et al. 1993). This expansion occurs only dur-
ing transmission through the male germ line and is associ-
ated with advanced paternal age (Goldberg et al. 1993b).
These UAs may undergo expansion in subsequent meioses,
resulting in the presentation of more than one affected sib-
ling without any other family history ofHD and presenting
a pseudorecessive pattern of inheritance (Goldberg et al.
1993a).

Offspring of new mutations for HD have a 50% likeli-
hood of inheriting the HD gene, similar to that of any
other persons who have an affected parent. However,
there is a previously unrecognized genetic risk to siblings
of sporadic cases. The precise estimates of the likelihood
of expansion of the IA during transmission through the
germ line is not yet ascertained. However, we have pre-
viously shown that 10 (42%) of 24 meioses do show ex-
pansion, which would indicate that the risk to a sib of a
sporadic case is likely not to be >25% (Goldberg et al.
1993a). This reflects the likelihood that they have inherited
the chromosome containing the IA and that the CAG has
undergone expansion.
At the present time, it is also not known whether all UAs,

when transmitted through the male germ line, have similar
susceptibility to expansion. lAs occur randomly in the gen-
eral population, on -0.75% of normal chromosomes
(Kremer et al. 1994). Preliminary evidence suggests that ad-
vanced paternal age may be one factor contributing to ex-
pansion of this IA in families where the IA has a suscepti-
bility to expansion. If confirmed, this would be important
information for family members. At the present time, we
would offer predictive testing to siblings of sporadic cases
and counsel that they have an a priori risk of 625% if it
can be demonstrated that the sporadic case has risen as a
result of expansion from an IA. However, if the parents
are not available but have lived to an advanced age, we
would offer predictive testing to a sibling of a sporadic
case. The a priori risk to such a sibling would be either
<25% if the sporadic case had expansion of an IA or 50%
if this represented transmission of an expanded allele from
a parent who had not yet manifested signs and symptoms.

If siblings of the sporadic case of HD have a CAG size
of <30 repeats, we would suggest that it is unlikely that
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Table 3

Results of Direct Testing for HD Mutation in Canada

Consultand Consultand Has Consultand
Has CAG >36 CAG 30-36 Has CAG <30 Total

A. At-risk individuals (n=209):
Prior participant in testing using linked markers (n=29):

Prior result was increased risk, and affected family
member has CAG >36 .11 ... ... 11

Prior result was decreased risk, and affected family
member has CAG >36 ....................................... ... 1 7 8

Prior result was uninformative, and DNA from
affected family member unavailable 3 ... 5 8

Prior result was uninformative, and affected family
member has DNA unavailable ............................ ... ... 2 2

New consultand (n=180):
Affected family member has CAG >36 5 3 53 1 70 124
Affected family member has DNA unavailable 25 ... 31 56

B. Symptomatic individuals (n=207):
Positive family history, and affected family member has

CAG>36.70 ... 2 72
Positive family history, and affected family member has

DNA unavailable .73 ... 7 80
No family history. 38.....................................38 1 17 56

Total no. of tests. 273....................................273 3 141 417

this allele would be susceptible to further expansion in fu-
ture generations. If the allele size in the sibling of the spo-
radic case is in the affected range, we would explain to this
person that the expansion was similar to that seen in the
affected sibling, and we would counsel that this person was
likely to manifest signs and symptoms ofHD in the future.
However, if the sibling who inherited an IA is a male, we
would counsel that there is a risk of expansion of this IA
in future generations. However, the precise risk to future
generations is currently not known, but it is not likely to
be >25%. If the sibling who has inherited the IA is a fe-
male, we would counsel that at the present time there is no
evidence for instability of the IA or for expansion into the
affected range, in any such cases.

Results

A total of 416 results of direct testing for HD have now
been obtained in Canada, since direct testing began in Sep-
tember 1993 (table 3). Approximately half of these (209/
416, or 50%) have been performed for at-risk individuals,
with 44% (92/209) receiving an increased-risk result and
55% (115/209) receiving a decreased-risk result. Only a
small proportion of those persons at risk who have now
requested direct testing (29/209, or 14%) are individuals
who previously have received results of predictive testing
using linked markers. To date, there has been only one
case where direct predictive testing has contradicted a
prior risk result given through predictive testing using
DNA-linked markers. In this instance, a prior risk estimate

of 85% using linked markers was reduced to <1% on di-
rect testing.

Direct testing has been requested by a large number of
persons who are symptomatic (171 persons, or 49% of the
total). In this group, two individuals who clearly had a fam-
ily history and had signs and symptoms suggestive of HD
had a CAG size of <30. Interestingly, for the 56 people
who were tested who did not have a family history but
were symptomatic, raising suggestions of the diagnosis of
HD, 17 (30%) had a CAG size of <30. There were 21 at-
risk individuals who previously had requested predictive
testing but who, in view of the uninformativeness, which
was due either to the linked DNA markers or to the ab-
sence of blood from family relatives, could not be tested
(Babul et al. 1993). Of these, 10 (48%) have now entered
the program and have received results of direct predictive
testing.

Discussion

Direct testing began in Canada in September 1993, and
to date >400 individuals have received results. The guide-
lines described here reflect the changes in our clinical prac-
tice that are due to the discovery of the CAG expansion
associated with HD. These changes result from both the
new technology allowing direct molecular analysis of
affected families and the counseling concerns raised by the
new test. There are significant counseling differences be-
tween analyses using linked markers and direct testing.
These include new appreciation of the genetic risks, to rel-
atives, of new mutations for HD and the sensitivity and
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specificity of CAG expansion for HD. Individuals who
have inherited an IA (30-35 repeats) or a CAG repeat
length just within the affected range (36-38 CAG repeats)
need additional attention.
The protocols presented in this report will pose signifi-

cant challenges to the resources available for provision of
predictive testing. In some countries where there is univer-
sal health-care insurance, such as Canada and certain parts
of Europe, the ability to follow similar protocols will be
greater than it is in other countries, such as the United
States, where universal health-care coverage is not yet
available. The protocols that have been developed are
modified from an intensive research program that clearly
showed that predictive testing could be provided in a safe
manner without undue psychological harm to the vast ma-
jority of patients and with potential for improving the
quality of life for many participants (Wiggins et al. 1992). It
is not known whether similar outcomes would have been
reached if less intense counseling protocols had been fol-
lowed. However, there is evidence from a prior study (Ba-
bul et al. 1993) that the predictive testing participants
themselves place major importance on the availability of
counseling. As new predictive tests for other genetic dis-
orders become available, it will be difficult for genetic cen-
ters to provide all the counseling. Much of the counseling
and support will have to be provided through other com-
munity services. Consequently, there is an urgent need to
assess the impact of approaches to predictive testing when
there is less frequent psychological support or when such
support is provided in the community by other health-care
professionals not directly associated with a genetics cen-
ter. Assessment of our community-based program, which
provides testing for individuals who live a significant dis-
tance from a genetic center and who have had only one
formal contact with the genetic counseling program, will
be important in this regard. In the interim, however, devel-
opment of protocols for predictive testing should be based
on available evidence that the recommended approaches
are not harmful and are likely to have humane and advan-
tageous consequences for persons participating in these
programs. To date, the only evidence we have is that de-
rived from original research protocols for linkage predic-
tive testing. Consequently, until there are data in support
of substantial changes to these guidelines, we plan to fol-
low the protocols as described for the direct predictive
test.
To date, the majority (86%) of the requests for direct

predictive testing have come from at-risk individuals who
did not participate in previous programs using linked DNA
markers. Of the individuals who did participate previously,
the greatest proportion (10/21, or 49%) of requests have
come from those who had received an uninformative re-
sult from DNA testing. It is also interesting to note that,
for a large proportion (56/181, or 31%) of the new partic-
ipants, DNA from affected individuals in the participants'
families was unavailable. These individuals would have

been uninformative under previous testing conditions, and
their realization of this may have influenced their decision
not to pursue testing at that time. This is consistent with
a finding from another study which showed that the vast
majority (80%) of individuals forwhom testing with linked
markers was uninformative would want to return for a di-
rect test (Babul et al. 1993). Clearly, the advent of direct
predictive testing will result in a significantly increased de-
mand for testing from such individuals.

In contrast, uptake of direct predictive testing by per-
sons who have already received results of using linked
DNA markers has been low. Of 106 individuals who pre-
viously received an increased-risk result in this way (Babul
et al. 1993), 11 (10.4%) have now requested retesting. This
proportion of requests is, however, more than that seen
among those who had previously received a decreased-risk
result and who have now requested retesting (8/62, or
4.9%) (Babul et al. 1993). These results indicate that it is
inappropriate to automatically assess the DNA of prior
participants in predictive testing, as many of these persons
may not wish refinement of their risk estimate. While this
represents early response to availability of this program,
these results are consistent with prior findings that the
number of persons at increased risk who are likely to par-
ticipate in a completely accurate predictive test result is
greater than the number of individuals in a decreased-risk
group who are likely to do so. Persons with a decreased
risk may believe that they have more to lose by having a
completely accurate test, since there is still a small possi-
bility that their risk status will be reversed and that they
thus will learn that they have inherited the mutation asso-
ciated with HD. On the other hand, individuals who have
had an increased-risk result from linked markers might be
more likely to see themselves already in a loss situation and
to participate in testing, even if an improved outcome is
not likely.
Among all of the individuals who request direct predic-

tive testing, a proportion will be symptomatic for HD at
the time of their request. Two different studies have found
that as many as 15% of individuals requesting predictive
testing for HD are symptomatic at the time of their initial
neurological exam (Brandt et al. 1989; Bloch et al. 1993).
During initial counseling sessions with the patient, it is im-
portant to clearly distinguish between clinical diagnosis
for HD and predictive testing for HD, so that the patient
can seek the information that she or he actually wants.
Under our previous testing protocol (using linked DNA
markers), all individuals for whom a clinical diagnosis of
HD could be made were automatically excluded from pre-
dictive testing and were diverted into a process leading to
the diagnosis. Under the direct testing protocol, the pa-
tient is offered more options. For some individuals it may
be psychologically less traumatic to receive the informa-
tion that they have inherited the mutation of HD and to
delay the diagnosis until later, when they are better pre-
pared. For others, it may be preferable to proceed directly
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to the diagnosis. Thus, if the neurological examination in-
dicates that the individual is clinically affected with HD,
and if the patient has previously expressed a wish to know
this information, then an agreement is reached with the
patient, to divert the predictive testing process to clarifi-
cation of neurological status. However, if a patient
chooses not to know the results of the neurological exam-
ination or chooses not to be examined and still wishes to
proceed with direct gene testing, even if she or he is symp-
tomatic, this option is available in our program.
We recommend that individuals who receive a clinical

diagnosis through a predictive testing program be followed
carefully, especially soon after diagnosis. Referral to ap-
propriate community resources (HD resource center or
family doctor) may often assist the patient to establish a
local support system for the immediate postdiagnosis pe-
riod, which can be a particularly stressful time for such
persons (Lam et al. 1990).

Clearly symptomatic individuals, who present to their
doctor to know the reasons for their symptoms, are not
routinely seen in the genetics clinic. DNA testing in these
persons will be helpful to confirm that they have indeed
inherited the HD gene. However, even with the advent of
direct testing, the decision as to whether a patient has HD
rests with the clinician's (usually a neurologist) interpreta-
tion of the clinical presentation.

It is of interest that, among symptomatic individuals
who have no family history but for whom the diagnosis of
HD is seriously being considered, -30% (17/56) do not
have CAG repeat length in the affected range. Clearly these
data support the fact that there is considerable phenotypic
variation in patients suspected of having HD and that, in
the absence of a family history, a significant number of
individuals who are deemed clinically to have HD are
likely to have another disease that may manifest HD-like
symptoms (Andrew et al. 1994a; Kremer et al. 1994).

There are numerous benefits of direct predictive testing.
The direct test creates greater independence for the indi-
vidual requesting testing, as multiple family members need
not be contacted for DNA samples. Individuals at 25%
risk who had previously been uninformative for linkage
analysis may now also request testing. Recent debate sur-
rounding the legal and ethical rights of individuals suggests
that it is unethical to deny these individuals such testing
(Chapman 1990). Representatives from the International
Huntington Disease Association suggest that their mem-
bers are in favor of testing individuals at 25% risk, pro-
vided that there is counseling support and that the conse-
quences that testing may have for other family members
are discussed (MacMillan and Quinn 1993).
Many research and service laboratories have stored

DNA samples from HD families. Since the discovery of the
HD gene, our laboratories have received >207 requests for
confirmation of diagnosis in symptomatic individuals. The
high sensitivity and specificity of CAG expansion for in-
heritance of the gene for HD (Kremer et al. 1994) suggest

that frequently the test will be used by neurologists to sup-
port the diagnosis in a family, especially in one with "atyp-
ical" features of HD. This may also result in the confir-
mation of risk for other family members. While the symp-
tomatic individual will usually be assessed and followed by
a clinician, we recommend that the family also be offered
genetic counseling in this situation. If a third party (such as
a doctor or family member) requests testing of a stored
DNA sample from a clinically affected individual, it is our
policy to require that informed consent from the patient
or legal guardian be obtained. If the individual is deceased,
a consent signed by the legal representative of the estate-
such as a personal representative, next of kin, or executor
of the estate-is obtained.

In the HD national DNA bank located in Vancouver,
which now houses DNA from >4,000 persons from fami-
lies with HD, the original consent permits the use of DNA
from affected persons, for predictive testing of a relative,
without the need for additional consent. However, if prior
consent for testing an affected person permitted DNA to
be used only for testing using linked markers, then addi-
tional consent would be necessary. To maintain confiden-
tiality, the predictive testing candidate's report does not
indicate which affected family members have been used in
the analysis. Where it is available, we always use DNA
from an affected person, as well as from the at-risk pro-
band.
HD represents the disorder for which predictive testing

has been offered for the longest time, to the largest number
of people. As new genetic markers and mutations underly-
ing other late-onset disorders continue to be discovered,
the lessons learned from predictive testing for HD are hav-
ing significant impact on the development of research pro-
tocols, patterns of practice, and genetic counseling. Fur-
thermore, for other late-onset disorders, such as Alzhei-
mer disease and familial cancer syndromes, predictive
testing will eventually shift from the use of linked markers
to direct assessment of a mutation, as seen in HD. How-
ever, HD may not serve well as a model for all late-onset
illnesses, particularly for those where prediction of risk
may rapidly be followed by approaches to treatment (Ba-
bul et al. 1993). Many of the guidelines for direct predic-
tive testing for HD are consistent with the principles elab-
orated for genetic testing in medicine, as described in the
recent report by the Committee on Assessing Genetic
Risks of the Institute of Medicine of the (U.S.) National
Academy of Sciences (1994, p. 89), which states that "tech-
nological ease at the bench should not diminish the inten-
sive education and counseling both prior to and following
testing."
One of the aims of our ongoing study is to identify the

impact that cloning the gene has on the demand for pre-
dictive testing, from individuals who have already partici-
pated in a predictive testing program as well as from those
who have not. The effect that predictive testing has on the
family is also being closely monitored. Selected family
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members are asked to complete a series of questionnaires
and interviews, both before results are given and at regular
intervals thereafter. The results of these studies will pro-
vide additional information on the impact that predictive
testing has on the family.
The guidelines presented here and elsewhere (Craufurd

and Tyler 1992; Quaid 1992; Bennett et al. 1993) should
be considered by those planning to offer direct predictive
testing for HD. At the present time there are significant
differences between genetics centers across the world,
concerning the eligibility criteria (individuals at <25% risk
and the testing of children) and procedures (counseling
availability and laboratory quality-control measures) for
predictive testing. As we develop more understanding of
the counseling complexities of direct predictive testing, it
is likely that these guidelines will need to be revised.
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