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ABSTRACT

Huntington Disease (HD) is a neurodegenerative rdeothat is inherited in an autosomal
dominant manner, and for which testing is availablee aim of this retrospective file-based study
was to analyse the numbers and demographics ofiddils who had diagnostic, predictive or
prenatal genetic counselling and/or testing for b&ween January 1998 and December 2006
through the Division of Human Genetics, Nationalalle Laboratory Service and University of
the Witwatersrand, Johannesburg.

Files for 287 individuals who had genetic counsglland/or testing for HD were included in this
study, with 77% being diagnostic cases, 20% pregicand 3% prenatal. When the results
obtained in this study were compared to a studiKimmberg et al. (1999) done previously in the
same Division, it was found that there has beennarease in the number of diagnostic and
predictive tests done per year during this studith vdiagnostic tests making up a greater

percentage of the total number of tests performed.

One of the objectives of this study was to char&ésethe individuals who requested HD testing
and to compare the characteristics of those idiggnostic testing group to those in the predictive
testing group. The median age of the individualghie predictive testing group was 30 years,
which was significantly different from the mediageaof 49 years for individuals in the diagnostic
testing group <0.001). It was found that there were significanthpore women than men
requesting predictive testing£0.02), while the number of males and females indiagnostic
testing group was similap€1.00). There was also a greater percentage of &weqhl¢/6.4%)
versus unemployed (23.6%) individuals in the priddictesting group, while the percentages of
employed and unemployed individuals in the diagoa®sting group were similar (45.5% and
54.5% respectively). Significantly more individuats the diagnostic testing group had children
(74.5%) compared to those in the predictive tesgrayp, where 44.6% of individuals had one or
more children. There was a greater percentage @éwidividuals in the predictive testing group
(91% white; 3.5% black) compared to the diagndstting group (48% white, 42% black).

The completion rate of the predictive testing pescevas 66.7%. In the predictive testing group,

39.5% of individuals tested positive for HD, andhe diagnostic testing group 53% of individuals
1\



tested positive for HD. Nine prenatal tests weguested by five different couples, and 7 tests
were performed. Three of these fetuses testediyméir HD (including a set of twins) and these

two pregnancies were terminated.

Overall, there seems to be a lack of awarenesad/baaccess to the genetic services offered for
HD through the Division of Human Genetics, Natiohigalth Laboratory Service and University
of the Witwatersrand, Johannesburg, particularlym@black individuals and the professionals
treating them. Information generated from this gtedn be used to understand the individuals
seeking genetic counselling and/or testing for HEitdr, and can direct efforts to improve
awareness and access amongst groups noted to berapdesented. It also serves as a starting
point for further research.
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Introduction

1 INTRODUCTION

Huntington disease (HD) is a neurodegenerative rdésothat is inherited in an autosomal
dominant manner (Purdon, Mohr, llivitsky et al. 499Symptoms of HD include progressive
dementia, cognitive dysfunction, psychiatric probdeand choreiform movements. It is estimated
that the worldwide prevalence of HD is about 4 goe8 100,000 but varies considerable (from 0.5
to 10 per 100,000) in different population grouptarper 1996, Rimoin, Connor, Pyeritz et al.
2002; Landles and Bates 2004). The disease seebwes less common in the Japanese, Chinese,
and Finnish populations and in African black popales, but much more common in individuals
of European descent (Harper, 1996; Rimoin et ab220HD is caused by the presence of an
expanded number of CAG repeats in the importanstapt 15 (T15) gene on chromosome four
(Huntington's Disease Collaborative Research Grb@QB), but a second disease-causing allele
has been found in black African patients (Holmesigarn, Rosenblatt et al. 2001). This is also an
expansion mutation which leads to HD-like symptoms, it occurs in the Junctophilin 3RH3)
gene and involves a CAG/CTG repeat expansion (Hekhal. 2001).

Testing is currently offered in South Africa to elett repeat expansions in these two genes. It can
be used for diagnostic testing when individuals symptomatic, predictive testing for at-risk
individuals, or prenatal testing. Genetic counsgllis also offered to both at-risk and affected

individuals and their families for HD predictivaagnostic or prenatal testing.

The purpose of this study was to assess the nuoilpatients seen for genetic counselling and/or
genetic testing for HD in the Division of Human @é&ns, National Health Laboratory Services
and University of the Witwatersrand, Johannesbheyq forth referred to as the Division) between
January 1998 and December 2006. This study alscaciesised these patients by obtaining
demographic information about them, their motivagidor testing and test results. This may give
genetic counsellors and clinicians within the Diwisfurther insight into their patients and their
needs. It is hoped that such information will beefukin the provision of both clinical and
laboratory services and will allow appropriate s&¥s to be provided.
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1.1 CLINICAL FEATURES OF HUNTINGTON DISEASE

The age of onset of this disorder is usually intthied or fourth decade of life, but can present in
early childhood or as late as in the eighties (YpRAO03; Landles and Bates 2004). The symptoms
of HD are progressive and once an individual stahtswing symptoms, their survival time is

generally not more than 20 years (Purdon et ak)L99

1.1.1 Neurological symptoms of HD

Neurological symptoms are often the first preséotatof HD (Harper 1996). Early
motor/neurological signs of HD include restlessnagper-reflexia, abnormal eye movements and
rapid and inappropriate movement of the fingersdsaor toes (Rimoin et al. 2002). Abnormal eye
movements include a decreased ability to initiateals rapid, jerky movements of the eyes
(saccades) when trying to focus on objects, suclhale turning the head or moving, as well as
increased blinking (Harper 1996). Dysarthria isoat®dmmon in early HD. Dysarthria is the
disturbance of speech, such as the rhythm of spgas well as the speed, and may later cause
speech to be unintelligible (Harper 1996).

Later neurological symptoms include choreiform muoeats which are involuntary movements
such as jerking or writhing that may affect thedsmand the face, and lead to difficulties talking
and swallowing (Purdon et al. 1994). This choreaastinuously present while the individual is
awake and tends to worsen during times of stressqiR et al. 2002). The chorea associated with
HD is variable, but always includes some degredystonia which causes sustained contractions
of muscles leading to twisting movements, abnorpwdture and slow abnormal movements
(Harper 1996; Rimoin et al. 2002). As the diseabeaces, other symptoms such as rigidity and
loss of voluntary movements as well as the dysidreaome more apparent (Harper 1996; Rimoin
et al. 2002). Difficulties in swallowing may alsedome more obvious and this increases the risk
of asphyxiation (Harper 1996). Weight loss is comniothe later stages of HD, as is incontinence
(Harper 1996).

Other neurological abnormalities may include emilepnd cerebellar dysfunction, but these are

less common in the adult onset form of HD, compdeethe juvenile form of HD. HD can also

2
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lead to changes in gait. The gait of an individnath HD, especially one who has had chorea for
many years, tends to be wide-based and staggétimgér 1996). Some individuals may have a

slow, unsteady gait due to bradykinesia and aresrikely to fall (Harper 1996).

1.1.2 Cognitive symptoms of HD

Cognitive symptoms associated with HD include pesgive dementia and cognitive dysfunction
such as memory loss, a decreased ability to leamwn material, and attention and concentration
problems (Purdon et al. 1994; Harper 1996; Youn@320Language difficulties are common in
HD and can affect both the ability to speak effedif and to understand others. Writing is also
usually affected in individuals with HD, due to bateurological and cognitive difficulties (Harper
1996). Individuals with HD may also experience alie in visual perception (Purdon et al. 1994,
Harper 1996; Young 2003). They may also have dsereproblem-solving abilities and difficulty
with concept formation (Harper 1996). The cognitsygnptoms associated with HD may lead to

problems with social interaction and inappropreteotional responses (Harper 1996).

The symptoms of HD result from the loss of striat@lirons (nerve cells located within the dorsal
striatum) and atrophy of the caudate nucleus aadotitamen in the brain (Rimoin et al. 2002).
The caudate nucleus and putamen are located neaetitre of the brain, forming the dorsal
striatum, and are involved in learning and mem&iynin et al. 2002).

1.1.3 Psychiatric symptoms of HD

Psychiatric symptoms associated with HD are vagiapld can include irritability, depression and
suicidal ideation (Purdon et al. 1994; Harper 1996ung 2003). Less common psychiatric
manifestations in HD can include paranoia and dehss mania, personality disorder and
schizophrenia (Harper 1996).
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1.1.4 Features of HDL2

Features of HDL2 are similar to those seen in p#ievith HD1. They include neurological

symptoms such as dysarthria, hyper-reflexia, chahgstonia, rigidity and bradykinesia, as well as
tremor (Margolis, Holmes, Rosenblatt et al. 2004DL2 also presents with the cognitive and
psychiatric symptoms seen in HD1 (Margolis et #l02 Greenstein, Vonsattel, Margolis et al.
2007). Individuals with HDL2, like individuals withiD1, experience progressive worsening of
symptoms over a period of 10-20 years, but theg ternpresent later than individuals with HD1,

usually only in the # decade (Margolis et al. 2004).

1.1.5 Features of Juvenile HD

HD that presents before the age of 20 years ise@rfduvenile HD” (Nance and Myers 2001).

Symptoms in children and adolescents include seve¥xental deterioration, cerebellar

abnormalities, abnormalities of eye movement, epiferigidity, ataxia, bradykinesia and general
motor abnormalities (Teisberg 1995; Harper 1996nd¢aand Myers 2001). They rarely present
with chorea (Harper 1996). In South Africa, thevalence of juvenile HD is about 4% in the

white HD population, and as high as 15.7% in thexechiancestry HD population (Hayden,

MacGregor, Saffer et al. 1982), compared to 7-108tdwide (Harper 1996).

1.2 INHERITANCE OF HUNTINGTON DISEASE

HD has an autosomal dominant inheritance pattedritarefore the child of an affected individual
has a 50% chance of inheriting the expanded alB$eause this disease is usually completely
penetrant, an individual who has inherited the geilleat some stage present with symptoms of
this disorder (Purdon et al. 1994; Landles and 83004).
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1.3 THE GENETICS OF HUNTINGTON DISEASE

1.3.1 Huntington Disease 1

The HD1 genelT15, is located on chromosome 4p16.3. This gene igpased of 67 exons, and is
180kb in length. The resulting protein, called Hagtin (htt), consists of 3144 amino acids and
has a molecular mass of 348kDa. Htt has two formasl3.7kb transcript and a 10.3kb transcript
(Warby, Graham and Hayden 2007).

In unaffected individuals, the first exon of thisng contains between 9 and 35 CAG repeats, each
of which codes for the amino acid glutamine (Hugtiiom Disease Collaborative Research Group
1993). This polyglutamine tract forms part of thi protein that is located in the cytoplasm of
many cells in the body, particularly in the neuraishe brain (Cattaneo, Rigamonti, Goffredo et
al. 2001; Young 2003). HD is caused by an expansiahe number of CAG repeats Iifl5 to
more than 40 repeats (Huntington Disease Collalver&esearch Group 1993). As the number of
CAG repeats increases, so does the number of gheamsidues in the htt protein and this causes
the protein to undergo a conformational changemiiog mutant htt (Cattaneo et al. 2001; Landles
and Bates 2004). Incomplete penetrance can occen e number of CAG repeats is 36 to 39
(Lopez 2007). The incomplete penetrance associaididl this allele range means that it is
uncertain whether or not an individual will preserth symptoms. Some individuals with repeats
in this range may present with many of the symptofrtdD, while others may have no symptoms
at all or may have only mild symptoms, such aslesshess (Rubinsztein, Leggo, Coles et al.
1996). There may also be genetic or environmeatdbfs that could influence the development of
HD in individuals with 36 to 39 repeats (Rubinsateit al. 1996), making it difficult to provide
these individuals with definitive answers regarditingir HD status. It has been found that
individuals with intermediate alleles (27 to 35 CAEpeats) are not at risk of developing HD
themselves, but the repeat is unstable and camdxwhen passed from a parent to their child
(Semake, Creighton, Warby et al. 2006; Lopez 20@@jious factors can influence the expansion
of intermediate CAG repeats to the “incomplete pemee” range. These include the length of the
CAG repeat, with longer repeats being more likelgxpand, as well as the gender and age of the
parent carrying the intermediate allele, with tiek being greater when the allele is passed on

from a father to his children, particularly if tifegher is of advanced paternal age (older than 35)
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(Lopez 2007). It is therefore important to courtbe patient appropriately if repeat numbers in
these ranges are found.

1.3.2 Huntington Disease-like 2

In a few individuals who present with clinical faegs of HD, anT15 CAG repeat expansion is
not detected (Stevanin, Fujigasaki, Lebre et &320ln some of these patients, molecular studies
have shown the presence of a CAG/CTG repeat exgransi another genelPH3, located on
chromosome 16g24.3 (Holmes et al. 2001). This ge®&.4 kb in length and consists of 5 exons
(GenAtlas 2003). ThdPH3 gene encodes a 748 amino-acid protein — junctogBilJHP3) —
which has a molecular weight of 81kDa and is a comept of junctional membrane complexes
(Margolis 2006).

Individuals with HDL2 have an expanded number of&ZBTG repeats to more than 40 (Margolis
2006). Normal allele ranges are 6 to 28 CAG/CTGatg; reduced penetrance alleles, which may
expand when passed on, range from 29-39, and rhare 40 repeats results in fully penetrant
HDL2 (Margolis 2006; Greenstein et al. 2007). Téxpanded CTG repeat is alternatively spliced,
forming either poly-leucine or poly-alanine amin@datracts in the junctophilin-3 protein or may
be spliced out (Holmes et al. 2001). It is not usttedd how this causes HD-like symptoms
(Margolis, Rudnicki and Holmes 2005).

An expansion of the number of CAG/CTG repeats iHIRas not yet been detected in Caucasian
populations, but occurs in individuals of Africancastry (Stevanin et al. 2003; Margolis et al.
2005; Margolis 2006). Worldwide prevalence ratesrast known, but it is thought to occur in only
1% of patients with HD-like symptoms who test nagattor HD1 (Margolis 2006). Although
HDL2 is considered to be rare in many parts ofwtleeld, it is thought to occur in about one third

of black South African HD patients (A. Krause, meral communication, November 2007).

1.3.3 Juvenile HD

There is a phenomenon that can occur in HD familidgere the number of repeats expands when

passed on to successive generations. This is tefaméidipation”, and in HD, this tends to occur
6
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when a father passes on the disease gene to ldgechiThe increased number of repeats in
children of affected individuals often leads to tharlier-onset juvenile form of HD in these
children (Nance and Myers 2001). Juvenile HD usualicurs when the number of repeats is
greater than 60 (Teisberg 1995; Harper, Lim andifard 2000; Nance and Myers 2001)

1.4 THE PATHOGENESIS OF HUNTINGTON DISEASE

1.4.1 Huntington Disease 1

Mutant htt impacts on many cell processes, anddthreiption of these processes is thought to
induce the neurodegeneration seen in patients Midii (Cattaneo et al. 2001; Young 2003).
Mutant htt disrupts the transportation of vesictEmtaining brain-derived neurotrophic factor
(BDNF) in neurons and the transportation of orgiaselithin cells (Gutekunst, Levey, Heilman et
al. 1995; Gauthier, Charrin, Borrell-Pages et @D4). Because the striatal neurons do not receive
sufficient BDNF, a pro-survival factor that contiiles to survival signals the cells receive, the
cells become susceptible to cell death, which ldadseurodegeneration (Zuccato, Ciammola,
Rigamonti et al. 2001; Gauthier et al. 2004; Baiirelges, Zala, Humbert et al. 2006)

Mutant htt has been found, in mouse models, tadighe functioning of mitochondria, leading to
calcium (C&*) dysregulation (Bezprozvanny and Hayden 2004)eBscalcium in the cytoplasm
of cells, along with decreased amounts of BDNRhaught to lead to the abnormal activation of
proteases which cleave the mutant htt, resultingthe formation of N-terminal fragments
containing the glutamine residues (termed poly@tstres) (Hermel, Gafni, Propp et al. 2001;
Gafni, Hermel, Young et al. 2004; Hermel, Hart, Gun et al. 2004; Borrell-Pages et al. 2006).
These fragments are then transported into the asiclehere they induce death of the spiny striatal
neurons by interfering with transcription of varsogenes as well as interfering with intracellular
transport (Luthi-Carter, Strand, Peters et al. 2@frell-Pages, Canals, Cordelieres et al. 2006).
These polyQ fragments also form aggregates whintbeadeposited in the cytoplasm (where they
are termed cytoplasmic aggregates or inclusiomsjhé nucleus (intranuclear inclusions) or in
striatal neurons (neuritic inclusions), and are eamnly found in the cortex of the brain (Li H, Li
SH, Johnston H et al. 2000; Cattaneo et al. 20@linyg 2003; Borrell-Pagés et al. 2006). These
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aggregates have been shown to impair mitochonlaakport, which may be an important factor
in the pathogenesis of HD1 (Chang, Rintoul, Partdgtaal. 2006).

1.4.2 Huntington Disease-like 2

Not much information is known about how the expah@AG/CTG repeat idPH3 causes HDL2.
JPH3 is expressed primarily in the brain and i®ived in forming a junctional complex between
the cytoplasmic membrane and the endoplasmic hetictand ion channels within the cells
(Margolis 2006; Rudnicki, Holmes, Lin et al. 200%). HDL2, RNA transcripts with expanded
CUG repeats form foci in the frontal cortex, witbhrpons of the transcript being incompletely
processed (Rudnicki et al. 2007). These transchigt® been shown to be cytotoxic and may have
the same pathogenesis as in HD1, which is one wayhich expanded CAG/CTG repeats in
HDL?2 are thought to cause the HDL2 phenotype (Reldret al. 2007). Another protein, MBNL1
(muscleblind-like protein 1), which is involved tine regulation of splicing of transcripts, has been
shown to co-localize with these RNA foci, resultimgthere being less available MBNL1 within
the cell (Rudnicki et al. 2007). It is thought thlais may lead to missplicing of other genes, but
more research is needed to confirm this (Margd)i3c2 Rudnicki et al. 2007).

Another possible mode of pathogenesis in HDL2 esldabd the function of JPH3 within the cell.

Alteration in the structure of JPH3 due to the exjeal CAG/CTG repeats may interfere with these
junctional complexes and lead to calcium dysreguiatMargolis 2006). The presence of the
incompletely processedPH3 transcripts leads to reduced expression of JPHischwmay also

lead to disruption of its function and contributetie disease pathogenesis (Rudnicki et al. 2007).

1.5 MOLECULAR GENETIC TESTING FOR HUNTINGTON DISEASE

Direct mutation testing has been available for HBdting since 1994. Samples collected in the
Division, were initially sent to laboratories oveas (mainly in England and the Netherlands) and
later to the Department of Human Genetics at thevéssity of Cape Town (Kromberg, Krause,

Spurdle et al. 1999). Since 2001 samples have &eayzed at the Division, using direct mutation
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analysis. This involves using PCR primers to amghie region where the CAG repeats are found
to determine the exact number of repeats thatrasept in the gene. A result indicating more than
40 repeats is considered positive for HD1.

As the symptoms associated with HD1 are difficaltdistinguish from HDL2 (Margolis et al.

2005) the Division currently also offers all indivals of black or mixed ancestry diagnostic
testing for HDL2. Samples have also been testedgmectively. This testing has been available at
the Division since 2004 and is done using directation testing. The presence of an expanded

number of CAG/CTG repeats (more than 40) is comsdla positive result for HDL2.

Before direct mutation testing became availabiédge analysis was done and is still available for
rare cases when exclusion testing is requeste#tagjen analysis involves the detection of markers
that are known to flank the disease gene. Thesekersarare usually single nucleotide
polymorphisms (SNPs) or microsatellites that ar@ mmough to the disease gene not to be subject
to homologous recombination (Ball, Tyler and Harp@94). If an individual is known to have HD

it is possible to trace the markers that are linkethe disease gene through each generation in the
family, and determine who is at risk of developid® (Ball et al. 1994). Linkage analysis can
only be used to modify an individual's risk of déong HD and cannot determine with certainty
whether or not the mutated gene is actually presemn individual (Ball et al. 1994). This is

because there is a small possibility of recombamaticcurring between the gene and marker.

1.5.1 Diagnostic Testing for HD

Diagnostic testing is used for the purpose of ¢arifig the diagnosis of HD in individuals who are
symptomatic (Kromberg et al. 1999). Diagnosticitesfor HD is currently done at the Division

using direct mutation analysis.

1.5.2 Predictive Testing for HD

Asymptomatic, at-risk individuals may wish to kneviether or not they have inherited HD from

an affected parent. Since 1989, these individuaige tbheen offered predictive (also termed pre-
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symptomatic) HD testing, which was done by linkagalysis up until 1994, and is now done by
direct mutation testing.

There is an internationally accepted protocol whecfollowed before an asymptomatic individual
is tested for the presence of the expanded CAGategaeising HD1 or for the CTG repeat causing
HDL2. The protocol followed in the Division is basen the one which was developed by the UK
Huntington Disease Association in 1991 (Crauforglem and U.K. Huntington's Prediction
Consortium 1992). For an individual to be eligibteenter the predictive testing program, they
should meet the following criteria:

1. They must have a confirmed family history of HDoore which is highly suggestive of the
disease. It is important to have a confirmed (pe=itHD result in an affected family
member, if possible, to ensure that the diseasegbeherited and tested for in the family is
actually HD (Kromberg et al. 1999).

2. They should be at 25-50% risk of having inheriteel tnutated gene but an individual with
a lower risk will not necessarily be excluded.

3. They must be at least 18 years of age at the tfrtessting. Rarely, exceptions can be made
in the case of mature minors.

4. They must give informed consent.

5. Individuals who request predictive testing, but faend to have a severe mental illness or
who are at high risk of suicide are counselled regigarticipating in the predictive testing
program, but cannot be excluded.

6. Itis advisable that the individual undergoing itegthas a support person who accompanies
them to all the appointments, especially the regirihg session. This support person can
be a spouse or friend, but should preferably nosdreeone who is themselves at risk of
inheriting HD and who may wish to undergo predietidD testing later.

Individuals eligible for inclusion in the predicévesting program are required to undergo various
assessments before they will be tested for the Eillegnutation. The first step in the predictive
testing program involves one or more appointmenth & genetic counsellor where a family
history is obtained and where the individual’s wstending of HD, their motivation for
undergoing testing and their thoughts regardingiv@tg a positive HD result and receiving a

negative HD result are discussed (Kromberg et @99). The predictive testing protocol is also
1C
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explained during one of the genetic counsellingsises. The individual is then referred to a
neurologist, a psychologist and a psychiatrist waoh interview and examine the individual using
a variety of tests. This is to determine whethenatr the individual has symptoms of HD, and if
there is any reason for them to be discouraged fmodergoing predictive HD testing (Crauford et
al. 1992; Kromberg et al. 1999). If they are foundshow symptoms of HD, then they are not
required to complete the predictive testing prot@acal diagnostic testing is offered instead.

After the assessments, the individual returns éogénetic counsellor who will have been informed
of the findings of the neurologist, psychiatrisdgsychologist and can discuss with the individual
whether they want to proceed with testing (Krombetal. 1999). If they do wish to proceed,

blood will be taken for direct mutation analysis.h&®v the results are available, the genetic
counsellor will discuss the results with them apther appointment. After a result is given, the
individual will be offered follow-up appointmentshould they need them, with the genetic
counsellor, psychologist, psychiatrist and/or neagist (Kromberg et al. 1999).

1.5.3 Prenatal Testing for HD

Prenatal testing for HD is also available in Soiftica. Prior to 1994 this was done using linkage
analysis, but is now done using direct mutatiomirtgsor exclusion testing in rare cases. Prenatal
testing can be requested on the fetus of an ing@ievho is affected or at 50% risk of having

inherited HD and termination of pregnancy can bferefl when a fetus is found to have an
expanded repeat or is found to be high risk bydgeanalysis.

1.6 GENETIC COUNSELLING FOR HD

1.6.1 Genetic Counselling

HD is an inherited disorder and individuals who dédkie disease or are at risk of developing it,
should be offered genetic counselling. The mostaugate definition of genetic counselling is that
given by the National Society of Genetic Counseldtational Society of Genetic Counselors'

Definition Task Force, Resta, Biesecker et al. 200they define genetic counselling as “the
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process of helping people understand and adaphedontedical, psychological, and familial
implications of the genetic contributions to dis®aand includes “interpretation of family and
medical histories”, education of patients aboutdiserder or condition (inheritance, risks, medical
information, cause, treatments, prevention), as$ agtounselling patients to enable them to make
informed choices regarding the condition (NatidBatiety of Genetic Counselors' Definition Task
Force et al. 2006).

1.6.2 Diagnostic HD testing issues

A diagnostic test is done to confirm that the patseclinical features are caused by HD. Receiving
a positive or negative result may have psycholdgicasequences for both the individual and
his/her family. A positive result helps to identiflye cause of the symptoms but the individual
testing positive for HD, and their family, has @nee to terms with the progression of the disorder
and understand that there is no cure. The family also have to care for the affected individual
and make decisions regarding both their future thatl of the affected individual (Tibben 2007).
Treatment and care of an individual with HD mayoajdace a financial burden on the family,
especially as symptoms progress and the affectdidual can no longer work (Harper 1996).
Another aspect of a positive test result which wauatpact on the family is that the individual’s
children are at 50% risk of inheriting HD (Harp&986; Tibben 2007). Many affected individuals
may already have children when they start showingpsoms of HD, so reproductive decision-
making is no longer an option (Harper 1996).

A negative test result for HD means that the p#esymptoms are not caused by HD. The
individual and their family may find it reassuritigat the individual's symptoms are not due to
HD, but they may then have to deal with a differ@iaggnosis, or with not finding a diagnosis. The

risk to their children may also then be unknown.

1.6.3 Predictive HD testing issues

Individuals who are at risk of inheriting HD butanot currently showing symptoms suggestive of

HD are termed “pre-symptomatic” and should recajeeetic counselling. If they wish to know
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their status, they need to go through a predicteating protocol (discussed in section 1.5.2)
(Chapman 1992). The reason for this is that thexereany psychosocial issues associated with HD
including emotional consequences of testing andsaecmaking (Chapman 1992). These need to
be discussed to help make the result easier towliétal regardless of whether it is positive or

negative (Bloch, Adam, Wiggins et al. 1992).

Part of the genetic counselling session will ineobxploring the individual's feelings around HD
as well as their experiences of the disease, disaysheir motivation for entering the HD
predictive testing program, and helping them tmkhabout how they may feel and what their
future plans may be if the result is negative osifpee (van 't Spijker and ten Kroode 1997).
During these sessions the counsellor may alsodrtedlto difficulties in the individual’s life, sbc
as depression, suicidal ideation, relationshipialiffies and denial, which need to be carefully
addressed before the individual continues with ipte@ HD testing (Chapman 1992).

Many emotions can be present in individuals wantsngndergo predictive HD testing. These can
include fear and anxiety regarding the test result, its impact on their future and their childen’
future (van 't Spijker and ten Kroode 1997). Induals may also experience depression,
uncertainty, confusion and/or anger towards anctdte parent or unaffected sibling (Forrest
Keenan, Miedzybrodzka, van Teijlingen et al. 200Many emotions may arise as a result of
witnessing a parent’s struggle with HD, or fromaafly member’s predictive/diagnostic test result
(Forrest Keenan et al. 2007). There may also bgesssegarding their own identity and their
expected status and what finding out their statils de to this identity (Bloch et al. 1992,
Chapman 1992; Huggins, Bloch, Wiggins et al. 199Phere is also the possibility of
discrimination against a person who tests posfovéiD with regard to employment opportunities
and insurance coverage (Quaid and Morris 1993; aAistgBloch, Brinkman et al. 1999)

For many patients, undergoing predictive testingH® can by very stressful, regardless of the
outcome of the test (Almqvist, Brinkman, Wiggins at 2003). Problems following predictive
testing can include sadness, low self-esteem, gnxseicidal ideation, aggression, irritation,
obsessions and compulsions (Witjes-Ane’, VegterdemVlis, van Vugt et al. 2003). A study by
Codori, Slavney, Rosenblatt (2004) showed that @pprately 20% of patients undergoing
predictive HD testing, who test positive, experiedepression severe enough to require treatment,

and a small percentage of individuals (about 6.@49) test positive for HD cannot cope with the
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result, and this may lead to “catastrophic eve(d&hqvist et al. 2003). This could include severe

depression, hospitalization or suicide (Almgvisaket2003). The reason for this is thought to be an
identity crisis, with most of these catastrophiem¢ or adverse reactions occurring within a year
of receiving the positive result (AImqvist et aQ(B). However, long term studies have shown that
most individuals are eventually able to deal witl tesults and integrate the new information into
their lives (Almgvist et al. 2003).

A positive HD result may also put a strain on atiehship, as the result may drastically change
the dynamics of a relationship (van 't Spijker dad Kroode 1997). The individual who tested
positive for HD may become concerned about beirlgu@en to their partner as their disease
progresses, or may fear being abandoned by theingraas their symptoms start to show
(Tassicker 2005). Individuals with HD may also starsuffer from various psychiatric problems
including irritability, depression and suicidal a®n which may place a strain on their partner
(Purdon et al. 1994; Young 2003). There is also0% Shance that an affected individual’s
children may inherit the gene. This may result iangn emotional reactions, such as guilt and

worry (van 't Spijker and ten Kroode 1997).

There are also psychosocial effects when the owtcomthe predictive HD test is negative.
Individuals may experience relief and happiness tihay tested negative for HD and that their
children are no longer at risk of inheriting HD ifva Spijker and ten Kroode 1997). It may also
have positive effects with regard to medical aitksaand coverage as well as employment
opportunities (Quaid and Morris 1993). Individualho test negative for HD may feel that they
can now make different decisions regarding studyirayelling and having a family, knowing that
they are not at risk of developing HD (Hugginsetl892). They may also feel relieved that they
will not be a burden to others due to HD progresgiduggins et al. 1992).

A negative result may not always bring feelingsedief and happiness (Reviewed in van 't Spijker
and ten Kroode, 1997). A small percentage of imtlials who test negative for HD cannot cope
with the result (Huggins et al. 1992). These indiinls may have expected to test positive for HD,
and may have made life decisions based on theiatec result, making the negative result
difficult to deal with (Meiser and Dunn 2001). Ih andividual's siblings or other family members
have tested positive for HD, an unaffected indigidmay also experience “survivor” guilt

(Huggins et al. 1992; van 't Spijker and ten Krod#97; Decruyenaere, Evers-Kiebooms,
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Boogaerts et al. 2005). Survivor guilt occurs wham individual tests negative for HD and
experiences guilt due to other family members hauested positive (van 't Spijker and ten
Kroode 1997).

1.6.4 Prenatal HD testing issues

Individuals who know they are affected or at riskhaving inherited HD, may choose to have
prenatal testing in a pregnancy. There are manyessselated to this such as testing options,

consequences of testing and decision-making ard@fel when a pregnancy is affected.

Testing options include chorionic villus sampling\S) and amniocentesis, both of which are
invasive procedures and are associated with a megae risk. This needs to be discussed with the
couple. There is also a 50% chance that the feiligest positive for HD if a parent has the gene
mutation. The genetic counsellor needs to discufis the couple what they may choose to do
should the prenatal HD test be positive. The ogtianailable include terminating the pregnancy
because the fetus will develop HD later in lifecmntinuing the pregnancy with this knowledge.
This may raise issues related to termination ofjpaecy, such as ethical dilemmas, religious and
cultural beliefs and feelings of guilt, loss or ety If a couple chooses not to terminate, issuss a
regarding the parents’ knowledge of their child’'® Htatus and the removal of the child’'s
autonomy to decide whether or not to be testedh@as and Rea 2005). As it is against the
Division’s code of ethics to test minors (individsaunder 18 years of age) for adult-onset
disorders such as HD, couples who indicate thatwhk still continue a pregnancy if they receive

a positive prenatal HD test, may be refused prédéaignosis in that pregnancy.

Alternate reproductive methods such as donor eggsis adoption and pre-implantation genetic
diagnosis (not available in South Africa) may alsged to be discussed. The first step in pre-
implantation diagnosis (PGD) involves the fertitipa of ova by sperm usinig-vitro fertilization
(Mateizel, De Temmerman, Ulimann et al. 2006). Zixgotes are allowed to develop and at about
day 3 when the embryos consist of approximatelglg cone cell is removed from each zygote
(Mateizel et al. 2006). These cells are then te&kiedHD using direct mutation testing (Moutou,
Gardes and Viville 2004; Mateizel et al. 2006). Yuahaffected embryos are implanted into the
uterus (Moutou et al. 2004)
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The uptake of prenatal testing for HD is estimatedbe between 8% and 18% (reviewed in
Richards and Rea 2005). The reason for the lowkeptate is thought to be because many parents
are against termination of pregnancy, especiallgrwthe condition has an onset in adulthood.
Other psychological issues such as denial of tineliton or hope of a cure for their child, if they
are found to be positive for HD in the future, at®mnes into play (Richards and Rea 2005).

1.7 TREATMENT FOR HUNTINGTON DISEASE

There is currently no cure for HD. However, suppertreatments are available which may help to
temporarily improve the quality of life of individls with HD. These may include occupational
therapy, speech therapy and physiotherapy andugaful for the patient to see a psychologist and
psychiatrist to help deal with depression and othental changes. Ideally, individuals with HD
should be cared for by a team including neurolsgipsychiatrists, psychologists, occupational
therapists, physiotherapists, speech therapist&lssorkers and genetic counsellors. Medication
is also available to help reduce symptoms, sua@médepressants for psychological changes, and

neuroleptics to suppress involuntary movementsréBlelPages et al. 2006).

Various drugs are now being researched becauskeaf ¢ffect on the pathways involved in
causing HD (Borrell-Pagés et al. 2006). These delantioxidants (e.g. Coenzyme Q10) which
may improve mitochondrial function and increase BDMvels, transcription regulators (e.g.
mithramycin) which can improve motor and neurolagjiitinction and anti-apoptotics and protein
aggregation inhibitors, which may also be used aterngial treatments for HD (Ferrante,
Andreassen, Dedeoglu et al. 2002; Ferrante, Ryuwilksi et al. 2004; Gauthier et al. 2004;
Borrell-Pagés et al. 2006). There has also beere sarocess with newer treatments such as the
injection of fetal neuroblasts and neural precwwsimito the striatum of affected individuals,
thereby replacing degenerated neurons (Bachoud-RBewvny, Nguyen et al. 2000; Rosser, Barker,
Harrower et al. 2002; Bachoud-Levi, Gaura, Brugiezeal. 2006).
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1.8 PURPOSE OF THIS STUDY

It is important to be aware of the number of pdteseen for genetic counselling and testing for
HD at the Division so that appropriate servicesloaplanned for and provided. By being aware of
any changes in uptake, it may be possible to athesservices accordingly, by training additional
genetic counsellors, for example, or raising awasenof the services that are available at the
Division. This study also has implications for thelecular testing service at the Division as they
would need to be prepared for an increase in timebeu of samples if it is found that the number
of tests performed is increasing. If the numbedasreasing, however, it may be necessary to
undertake research to determine the cause ofé¢bigdse.

Characterising the individuals who request predictiprenatal or diagnostic HD testing is

important as it provides insight into the patieatsl what their needs are. A better understanding
of the patients who request these tests would bfilus the genetic counselling process and may
help to improve the services offered. This study mlao assist us in determining which sectors of

the population make use of the services and wmes diave limited access to the services.

Another aim of this study was to continue a presistudy done by Kromberg et al. (1999) where
the utilization of predictive, prenatal and diagiosesting for HD was investigated in the same
Division between 1975 and 1997. The continuatiorthef study will enable trends in patient
numbers to be noted, as well as highlighting angngles in who is being seen for predictive,

prenatal and diagnostic HD testing over the years.

1.9 AIM AND OBJECTIVES

The aim of this study was to investigate the witian and outcome of diagnostic, predictive and
prenatal genetic testing for HD in Johannesburmfi®98 to 2006. The objectives were:

1. To determine the number of patients who were reteio or managed by the genetic
counselling or laboratory services in the Divisiaith regard to diagnostic, predictive

and/or prenatal HD testing.
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. To characterise the individuals requesting pregkctind diagnostic HD testing, including
their gender, age, employment and relationshipustatumber of children, ethnicity, HD
test results and motivations for undergoing prégectD testing.

. To assess the total number of patients who contptee HD predictive testing process and
received a result and how long this took.

. To compare the characteristics of those who comgl#te HD predictive testing process to
those who did not.

. To compare the characteristics of the patients whderwent diagnostic HD testing to
those who went through the HD predictive testinacpss.

. To characterise the individuals who requested patni@sting for HD including at-
risk/affected status, gender and age of the paga#tational age and test result and to
analyse the decisions made after HD prenatal testisults were given.

. To compare the patient numbers and patient chaistate observed in this study to those
from a previous study done by Kromberg et al. (J98%he same Division between 1975

and 1997 to identify trends over time.
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2 SUBJECTS AND METHODS

2.1 SUBJECTS

Subjects for this study included individuals wheawed genetic counselling for HD diagnostic,
predictive or prenatal testing purposes and/or melet genetic testing for HD through the
Division of Human Genetics, National Health LaborgtServices, and the University of the
Witwatersrand, Johannesburg, between January 18®®acember 2006. Patients may have had
HD genetic counselling and/or genetic testing fdesl both were used, if available. Counselling
files (see appendix A for an example) contain patieformation, family history and counselling
notes and a detailed patient report written toréferring doctor. HD genetic testing files contain
limited patient information, test information arebkults. This study was retrospective and all files

for these individuals were available in the Divisio

Only files of patients counselled or tested for B&ween January 1998 and December 2006 were
included. The reason for selecting this time rawgs that a previous study was done in the same
Division, with the aim of analysing the utilizatiar predictive, prenatal and diagnostic HD testing
in Johannesburg and included patients counselldtbatested for HD in Johannesburg between
January 1975 and December 1998 (Kromberg et aB)13%is study aimed to continue the study

to the present and assess changing trends compatiezi previous study.

Only individuals at risk of having inherited HD, who were tested for the disorder were included
in this study. Files for 287 individuals where diagtic, predictive or prenatal HD testing was
requested at the Division, from January 1998 ubdtember 2006 were included in this study.
There were 221 files where diagnostic HD testind haen requested, 57 where predictive HD
testing was requested and 9 files for prenatal eHiinig. All 221 individuals for whom diagnostic

HD testing was requested had molecular testing,féed sixty-one (27.3%) of these individuals
also had HD genetic counselling files. All indivals in the predictive HD testing group had
genetic counselling files, and 38 individuals hadlenular testing files for HD. All nine couples

who requested prenatal HD testing had genetic edumg files and seven had HD prenatal

molecular testing files.
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All individuals of black or mixed ancestry who hdgnostic testing for HD were tested for both
HD1 and HDL2, while white and Indian individuals ieeonly tested for HD1. Individuals who
requested predictive HD testing were tested foegmansion in either th&15 (HD1) or JPH3

(HDL2) gene, whichever had been found in theircéd family member/s.

2.2 DATA COLLECTION

After an individual has been seen for genetic celling, their name and the date of the session are
written onto filing cards for each disorder and kep a filing system. The names and date of
testing of all individuals who have had moleculengtic testing for HD are stored in a separate
database in the Molecular Genetics Laboratory auth éamily that has HD testing is allocated an
HC (Huntington’s chorea) number. Names and HC nusbgindividuals who had genetic testing
for HD between 1998 and 2006 were collected udiegMolecular Genetics Laboratory database,
while a list of patients who received genetic calingy for HD during this time period was
obtained from the filing cards for HD. Moleculardanounselling files for each of these patients
were then drawn from the storage and filing faeiitwithin the Division

For this study, each patient was randomly allocatedique subject number which, along with the
individual’s name and HC number (if applicable) svwgped into a master list. Only the researcher
and her supervisors had access to the masterPbdtents were then classified as predictive,
diagnostic or prenatal, and information from thawlecular and/or genetic counselling files was
written onto the appropriate data collection shéestter to appendix B), along with their unique

subject number that had been allocated earlieredsure anonymity, the data sheets did not
contain any identifiable information such as patieames or HC numbers and patients were
identified only by their subject number throughdhe study. Individuals who had a genetic
counselling file (and who may also have had a msdectesting file) were marked on the data
collection sheets as having received genetic cdiimgewhile those who had only molecular files

were marked on the data collection sheets as neindnareceived genetic counselling. All

individuals who receive genetic counselling in Bigision will have a genetic counselling file.
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2.2.1 Information collected about individuals who had geetic counselling and/or testing for
HD

General information was collected for all patienfthis information included their date of birth,

gender, ethnicity (white, black, Indian, mixed astcg), relationship status (single,

divorced/separated, widowed, married/in relatiopshi employment status (employed,
unemployed, retired, student), number of childrexst result (positive for HD1, positive for

HDL2, negative, not tested/no result). The ethpi@t the individuals was obtained from an
existing HD patient database at the NHLS. Thisrmiation is collected (where possible) by the
laboratory as it is needed for accurate DNA testdiher information was available from notes in
the patients’ counselling or molecular files. Whamérmation such as ethnicity, relationship
status, employment status and/or number of childrag not written in the patient’s file, the data
sheet for that individual was marked as “unknowar’that characteristic.

2.2.2 Information collected about individuals who had diaynostic HD testing

Individuals in the diagnostic HD testing categangluded patients referred for genetic testing for
HD because they were already showing symptoms stiggeof this disorder. It also included
patients who attended the Genetic Counselling €hmi predictive HD testing and were found to
be symptomatic by the psychiatrist or neurologistilev going through the predictive testing
protocol. Information about HD diagnostic patiemtiso did not receive genetic counselling was

limited, as the only information available was frtmeir referral forms and test request forms.

In addition to the general information documented dll patients (section 2.2.1), the following
information was also obtained from the files ofigats who underwent diagnostic testing (where
possible) and written onto data collection sheets:

Date of the test (if done)

Age at the time the test was done

Reason for the test not completed (if applicable)
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2.2.3 _Information collected about individuals who had HD predictive genetic_counselling
and/or testing

The predictive testing category included all indivals who began the HD predictive testing
protocol by attending the first genetic counsell#ggsion. Where an individual initially attended a
genetic counselling session wishing to undertakegt&lictive testing but was then found to be
symptomatic, they were reclassified as diagnoddowever, it was noted that they initially

requested predictive testing.

In addition to information collected as described section 2.2.1, the following additional
information was obtained from the files of the HRghictive testing patients (where possible) and
written onto data collection sheets:

- Date of first genetic counselling session

- Age at first genetic counselling session

- Date of entry into the predictive program

- Age at time of entry into the predictive program

- Date of result-giving session

- Age at result-giving session

- Motivation for undergoing HD predictive testing

2.2.4 Information collected about prenatal HD testing

Prenatal testing involves an at-risk individuabarindividual who has been confirmed to have HD
requesting testing of a fetus during pregnancy. féted cells can be obtained by either CVS or by
amniocentesis and are tested in order to deterwiather or not the fetus is at risk of developing
HD.

The following additional information was obtainetbrh the files of patients who underwent
prenatal testing and written onto data collectioeets:
- HD status of parent (i.e. affected or at 50% risk)
- Gender of affected/at risk parent
22



Subjects and Methods

Age of affected/at risk parent at time of test

The year when the test was requested

Gestational age at time CVS or amniocentesis wdsmpeed. If CVS/amniocentesis was not
done, the gestational age at the time of attendahtee first genetic counselling session was
used.

Decision made after a positive HD result (i.e. te@tion or continuation of pregnancy)

2.3 DATA ANALYSIS

This study involved retrospective analysis of dabdained from files of individuals who had
diagnostic, predictive or prenatal HD testing tlglouthe Division between January 1998 and
December 2006.

All information obtained from the data sheets wasered into Excel spreadsheets under the
headings of diagnostic, predictive and prenataltedding.

Frequency calculations were used for each groupg(aistic, predictive and prenatal) to
determine: the number of males and females; thebrurof individuals of white, black, Indian,
mixed or unknown ancestry; the number of individuial a relationship and the number not in a
relationship; the number of employed and unemployetividuals; how many individuals had
children and how many did not; the number of indiidls who tested positive for HD1 and HDL2
and the number who tested negative for HD; the rarmabindividuals within different age groups;
and the number of tests done each year. Frequeness reported as percentages (%) to one

decimal place.

Excel was used to determine the median age of ichells in each group, as well as the median
time taken to complete the HD predictive testingcesss. The “Median” and “Standard Deviation”
functions in Excel were used for this. Standardiat&®n results were rounded to one decimal

place.

Fisher's exact and Mann-Whitney U tests were peré using statistical software available on

the internet (Graphpad Quickcalcs and IFA ServieiSics respectively). The Fisher’'s exact test
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was used in this study to determine whether the®any association between two variables. The
null hypothesis (HO) is that the variables are petelent, and a p-value is generated to enable HO
to be accepted or rejected (Raymond and RoussB).1198an be used for small population sizes
(less than 5) rather than the simifdrtest, which is only accurate for larger sampleugso For
Fisher’s exact tests where the two variables beamgpared each had more than two values (i.e.
not a 2x2 comparison using a 2x2 contingency tabl@x5 contingency table Fisher’s exact test
was done using Simple Interactive Statistical AsislySISA) software which was also available
online. The Mann-Whitney U test was used in thislgtto assess whether there was a significant
difference between the medians from two sampleggoltor both the Fisher’s exact and the Mann
Whitney U test, a p value of less than 0.05 wasiclared to be statistically significant. A
statistician at the University of the Witwatersramas consulted to validate the results obtained
and to ensure that the correct tests were used.

2.4 ETHICS

Ethics clearance (protocol number M060945) was iobtafrom the Human Research Ethics
Committee (Medical) on 29 September 2006 (See appdD). Ethics clearance for this project
was given subject to limiting data collection urictober 2006. This limitation was appealed
(appendix D) as the aim of this project was to ssdbe utilization and outcome of diagnostic,
predictive and prenatal testing for HD in Johannegibetween 1 January 1998 and 31 December
2006.
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3 RESULTS

The number of patients who requested diagnostedigiive and prenatal testing for HD between
1998 and 2006, as well as the number of testswibet requested each year in the Division, are
presented in section 3.1.

The section on patients who had diagnostic tegfings an overview of the patient demographics,
as well as a description of their test results ywsel by gender, ethnicity and age. The
demographics of patients who had predictive testigir motivations for undergoing HD
predictive testing and their test results are alsmwvn. The section on prenatal testing describes th
demographics of the individuals who requested pegriasting for HD, as well as the results of
any prenatal tests performed. The decisions pareatke regarding termination or continuation of
the pregnancy following a positive HD result argogbresented.

A final section in this chapter includes two setscomparisons. Firstly the demographics of the

patients who had diagnostic and predictive HD megstire compared, and secondly the results
found in this study are compared to those of aystiahe by Kromberg et al. (1999).

3.1 PATIENT NUMBERS AND TESTS PER YEAR

3.1.1 Number of diagnostic, predictive and prenatal HD pdéents

Files were available for 291 individuals for usetlims study. These files were from individuals
who requested predictive or prenatal testing for, B©Owell as for individuals for whom diagnostic
HD testing was requested. Four of these 291 fileevexcluded. One was excluded because it was
a request for testing of an adopted baby who wdsnpally at-risk of having inherited HD.
Another was excluded as it was a request by a wamémave her positive HD predictive testing
result confirmed. She had been tested by a prilaieratory and had not been through the

predictive testing process. The remaining two fikesre excluded as they were requests for
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predictive testing but the individuals did not attea genetic counselling session. The other 287

files were included in this study.

As can be seen from Figure 3-1, 77% of recordsimdédabetween 1998 and 2006 for HD were
diagnostic. Predictive testing for HD was the nexist requested service, comprising 20% of the
sample group. Only a small proportion (3%) of akror affected individuals requested prenatal
testing and/or counselling for HD between 1998 20@6.

Prenatal
3% (9)

Predictive
20% (57)

Diagnostic
77% (221)

Figure 3-1: Number and percentage of diagnostic, gdictive and prenatal records for individuals
who had genetic counselling and/or genetic testirfgr HD between January 1998 and December 2006
by the Division.
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3.1.2 Number of diagnostic, predictive and prenatal HD tsts requested per year between
1998 and 2006
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Figure 3-2: The number of patients who requested mmatal testing and/or counselling for HD (in
green) , the number of patients who requested prective HD testing and/or counselling (blue) as well
as the number of patients for whom molecular genatidiagnostic testing for HD was requested (pink)
at the Division each year from 1998 to 2006.

As shown in Figure 3-2, there has been a geneca¢ase in the number of both predictive and
diagnostic tests done for HD between 1998 and 20B6.increase has not been consistent and a
decrease in the number of diagnostic tests perfdim2006 is evident.

The number of prenatal tests and/or prenatal HDhselling sessions requested each year has
remained low with no prenatal HD tests or prendi@l genetic counselling sessions being
requested between 2003 and 2006. Of the nine @idiBtgenetic counselling sessions done, only
five different couples were involved. Three coupteseived prenatal HD genetic counselling
and/or testing for one pregnancy, one couple ragdeprenatal HD genetic testing for two
pregnancies, while another couple had three pregesrtested prenatally for HD (including a twin

pregnancy).
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3.2 DIAGNOSTIC TESTING FOR HD

Diagnostic testing for HD was requested for a tofa221 individuals between January 1998 and
December 2006. Five of these individuals had retgdesredictive testing but were found to have
symptoms of HD after consultation with a neurolobgiaring the predictive testing process, and
were offered diagnostic testing. Sixty-one of tH 2andividuals (27.3%) for whom diagnostic

testing was requested received genetic counsdtinglD. Of these 61 individuals who received

genetic counselling for HD, 44 (72.1%) tested pesifor HD1, three (4.9%) tested positive for

HDL2, ten (16.4%) tested negative for HD and fdi6%6) were not tested.

3.2.1 Characteristics of patients from whom diagnostic H:Xesting was required

Gender, ethnicity, relationship status, employmstdtus, number of children and age of
individuals for whom diagnostic testing for HD wasjuested, were analysed in this study. These

results are shown in Table 3-1 and Table 3-2.

Table 3-1: Characteristics of the 221 individualsdr whom diagnostic testing for HD was requested
between January 1998 and December 2006.

Characteristic Total % Characteristic Total %
Gender Number of Children
Female 115 5 No childrer 24 10.
Male 105 47 1 or more chilren 70 31
Unknowr 1 0. Unknowr 127 57.
Relationship Status Age
Not in relationshig 25 11. Under 3( 21 9.
In a relationship/Marrie 68 30. 30-39 35 15.
Unknowr 128 57. 40-49 41 18.
50-59 45 20.
Employment Status 60-69 32 14.
Employec 30 13. Over 7C 12 5.
Not employe(ﬂ) 36 16. Unknowr 35 15,
Unknowr 155 70.

a|ncluded 14 single, 6 divorced and 5 widowed iitlinals
b Included 20 unemployed individuals, 8 students&netired individuals
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As shown in Table 3-1 the number of males and femal the diagnostic testing group was not
statistically different from the expected populati@atio of 48 males: 52 femalgs<1.00; Fisher’'s
exact test). This ratio was calculated using dadenfthe South African population census 2001,
where 47.8% of individuals were male and 52.2% wemale. The relationship status,
employment status and number of children for mamayviduals who had diagnostic HD testing
was unknown. Of the individuals whose relationsstgtus was known, more than twice as many
were in a relationship than not. The number ofuitilials employed and the number unemployed
was not significantly differentpE0.16; Fisher's exact test) from the general Soufhicén
population, where 58.4% of individuals are emplogad 41.6% are unemployed (Statistics South
Africa 2001). Approximately 32% of individuals ihd diagnostic testing group had one or more
children compared to about 11% who had no childadthough the number of children was

unknown for 57.7% of the individuals.

The age range of individuals for whom diagnoststiteg) for HD was requested between 1998 and
2006 was 3 to 84 years, with a median age of 48sy&D+15.4). Two individuals, one aged 20
and one aged 51, had already died when theirwests performed. Their ages at the time of death
were noted, as this was the time at which theiodlvas taken.
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Table 3-2: South African population divided by ethric groups according to the 2001 South African
Population Census, and the observed number of patites for whom diagnostic testing for HD was
requested between 1998 and 2006 divided by ethniogps.

Population Group

% in population

Observed number

Expected number

of patients of patients?
Black Africar 79% 93 (43.5% 169.06 (79¥%
White 9.6% 106  (49.5%) 2054  (9.6%
Colourec 8.9% 11 (.1%) 19.05 (8.9%
Indian or Asial 2.5% 4 (1.9%) 5.35 (2.%)
Total 100% 214b 214b

a Expected values were calculated from the populgiercentages obtained from the South African Gensu
2001 data using the following formula: (diagnos@mple size of 214) x (proportion of individualseiach
ethnic group). This was done to obtain the numbb@rdividuals of white, black, Indian and mixed astry

in a sample of 214 individuals, based on the peacgnof individuals in each ethnic group in theagah
South African population, expected to require HRgtostic testing. Gene frequency has been assumed t
be equal in all population groups, which may notald.

b Total used was 214 and not the total sample grdup2th because 7 individuals were of unknown

ethnicity (3.2%).

The number of individuals in each ethnic group idrom HD diagnostic testing was requested
was significantly different from the calculated egped numbers in each ethnic group based on the
2001 South African Population Census<(.001 using Fisher’'s exact test). The observed
percentage of white individuals who had diagnotsting (49.5%) was higher than the expected
percentage of 9.6%. For the other three populamaps (black, Indian and mixed ancestry), the

observed percentage of individuals was lower tharexpected percentages (Table 3-2)
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3.2.2 HD diagnostic test completion

Thirteen of the 221 (5.9%) diagnostic tests reqeestere not completed. The reasons for this are
shown in Table 3-3.

Table 3-3: The reasons for HD diagnostic testing robeing completed in thirteen cases, at the
Division.

Reason for test not complete Number of sample:

Incorrect tub 6

Test cancelled by doct8r

2

Forms incomplet® 2
Doctor wanted to confirm diagnosis clinically fifst 2
1

Test requested by daughter
Total 13

aDoctor no longer felt that the patient’'s symptonesevdue to HD

b Incomplete forms did not include patient detailsdat not include details of the test requested tued
reason for the test being requested

C The doctor felt he wanted to first determine wketthe patient’s symptoms were suggestive enough of
HD before doing a diagnostic test

d Sample was rejected as it was sent in by a wontpresting that her father's blood be tested for HD

3.2.3 HD diagnostic test results

Positive HDLZ

Not teste( 9% (19)
6% (13) 94% (208)
gative
47% (97)

Figure 3-3: The outcomes of diagnostic testing fadiD1 and HDL2 requested between January 1998
and December 2006 at the Division.
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As shown in Figure 3-3, HD diagnostic testing waspleted for 208 patients (94%), and of these,
92 tested positive for HD1 and 19 tested positiwe HDL2. All black and mixed ancestry

individuals were tested for HDL2 as it has beemibto occur in these population groups. HDL2
has not been found to occur in the white and Ingiapulation groups, so individuals of these

ethnicities were not tested for HDL?2.

The number of children was unknown for 47 of théividuals who tested positive for HD (HD1
or HDL2), but was known for the other 64. TheseHia positive individuals had 160 children
between them, all of whom are at 50% risk of hawngerited HD.

Table 3-4: The number of individuals, by gender, wh had HD diagnostic testing and tested either
positive or negative for HD1 or HDL2.

The total number tested is 208 rather than 221hese results do not include the 13 individualstasted
for HD (see Table 3-3).

Total Positive
Gender number Negative (%)
HD1 HDL2 Total (%)
tested
Male 10C 45 8 53 (63.0 47 (47.C
Femalt 107 52 11 63 (58.9 4 (411
Unknowr 1 0 0 0 1
Total 208 97 19 11¢€ 92

As seen in Table 3-4 the number of males and fesalseiving either a positive result or a
negative result was similgp£0.40; Fisher’s exact test). Gender did not alseapm have an
effect on whether an individual tested positiveHd1 or HDL2 =0.80; Fisher’s exact test).
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Table 3-5 : The number of individuals, by ethnic goup, who had HD diagnostic testing and tested
either positive or negative for either HD1 or HDL2.
The total number tested is 208 rather than 22fhese results do not include the 13 individualstested

for HD (see Table 3-3).

Ethnicity Total number Positive (%) Negative (%)
tested for HD1 or HDL2

White 101 62 (614 39 (38.€
Black 87 40 (46.1 47 (54.C
Mixed Ancestn 11 7 (63.6 4 (36.4
Indiar 4 3 (75.0 (25.C
Unknowr 5 4 (80.0 1 (20.C
Total 20¢ 11€ 92

As seen in Table 3-5, when comparing white indigiduto black individuals, significantly more

white individuals tested positive than negativele/imore black individuals tested negative than

positive £=0.04, Fisher's exact test).

70
62
60
1%
_E 50
S
E— 40
o
2 30 26
£
z 20 1z
0 : [ m : e
White Black Mixed Indian Unknown
Ancestry
Ethnicity

O HD1
B HDL2

Figure 3-4: The number of individuals in the diagnstic group who tested positive for either HD1 or

HDL2 in each ethnic group.
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Individuals who tested positive for HDL2 were blaok of mixed ancestry, as can be seen from
Figure 3-4. White individuals were not tested fdDIE2 because HDL2 has not been found to
occur in this population group. Amongst the blawrtividuals in the diagnostic group, 35% of the
individuals who tested positive for HD were postior HDL2. In the mixed ancestry group, 43%
of the HD positive individuals tested positive faDL2. Overall, there was no significant
difference been the number of black and mixed a@ncexlividuals testing positive for HD1 and

the number testing positive for HDLRAX0.69; Fisher’s exact test).

Table 3-6: The number of individuals, by age, who é&d HD diagnostic testing and tested positive for
HD1 or HDL2 and the number who tested negative.

Positive (%)
Total number )
Age for HD1 or Negative (%)
tested (% of total)
HDL2
Under 3( 21 (10.1 5 (23.8 16 (76.2
30-3¢ 37 (17.8 24 (64.9 13 (351
40-49 39 (18.7 27 (69.3 12 (30.7
50-59 44  (21.1 31 (70.5 13 (295
60-69 17 (8.2 16 (94.1 1 (5.9
Over 7( 12 (5.8 3 (25.0 9 (75.C
Unknown 38 (18.3 10 (26.3 28 (73.7
Total 20€ 11€ 92

A positive test result (positive HD1 or HDL?2) seairte be dependent on age=0.047; Fisher's
exact test) with most individuals (64.9%) who tdstesitive for HD being between the ages of 30
and 69, as shown in Table 3-6. Individuals out#iide age range were more likely to test negative
for HD than positive. The most common age rangendurhich individuals were tested for HD
diagnostically was 50-59 years (21.2%), followeddby49 years (18.7%).
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Figure 3-5: The number of individuals in the diagnstic group who tested positive for HD1 and the
number who tested positive for HDL2 in each ethnigroup.

The median age of individuals who tested positordHDL2 was 55 years (SD+ 9.3), which was
significantly older than the median age of 48 y€&i3+12.2) for the individuals who tested

positive for HD1 p=0.03; Fisher’'s exact test). As seen in Figure 8&st individuals who tested
positive for HDL2 were between the ages of 50 agdars, while most individuals who tested

positive for HD1 were between 40 and 49 years ef ag
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Figure 3-6: The median age of individuals at the the of either a positive HD1 or a positive HDL2
diagnosis, shown by ethnicity. No white or Indianndividuals were tested for HDL2.

As seen in Figure 3-6, the median age of whiteviddials who tested positive for HD1 was 48
years (SD+11.7). The median age of black individuasting positive for HD1 was 49 years
(SD#11.9), and was 56 years for HDL2 (SD+8.6). Ulials of mixed ancestry who tested
positive for HD1 had a median age of 39.5 yearsH{lST1) and those who tested positive for
HDL2 had a median age of 52 years (SD+13.1). Theianeage at testing for Indian individuals
was 31 years (SD+2.7). There were no significafiéidinces found between the median ages at
diagnosis in the different ethnic groups. The Indsample size (3) is too small to draw significant

conclusions.

3.3 PREDICTIVE TESTING FOR HD

3.3.1 Completion of HD predictive tests

A total of 57 patients from 49 families requeste@dictive testing and/or attended a genetic
counselling session regarding HD between Januad§ d8d December 2006. As shown in Figure
3-7, 38 of these individuals completed the preddctesting process by seeing a genetic counsellor
at least twice, a neurologist, psychologist anccprist and receiving a result. Three individuals
attended an initial session with a neurologist,chsyogist or psychiatrist after having a genetic
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counselling session, but did not complete the pte@ testing process. Sixteen individuals only
attended one genetic counselling session and digursue predictive HD testing.

O One genetic counselling
28.1% (16) session

O Two or more sessions but
did not complete the
process

5.2% (3) O Completed process

66.7% (38

Figure 3-7: Number of sessions attended by individals who requested predictive testing for HD at
the Division between 1998 and 2006.

A “session” was defined as an appointment with aetie counsellor, neurologist, psychologist or
psychiatrist as part of the predictive testing pesc All these professionals needed to be seei agshilt
received in order for an individual to complete firedictive testing process.

The number of days taken to complete the predi¢iidetesting process, from the initial session to
the result giving session ranged from 17 days tb d&ys (approximately 2 years and 2 months).
The individual who took only 17 days to complete fhrocess had already seen a neurologist,
psychologist and psychiatrist just before attendimg initial genetic counselling session and was
not required to see these professionals againniddian time taken to complete the process was
125.5 days (approximately 4 months; SD+156.6), watlly four of the 38 individuals who
completed the process taking longer than 1 yeatotso. One of these individuals lived in a
country bordering South Africa, and experiencedetay in completing the predictive testing

process due to travelling difficulties.

3.3.2 Characteristics of patients who requested predicti® HD testing

A number of characteristics of the individuals resfing predictive testing for HD were analysed
in this study. These included gender, ethnicitigtrenship status, employment status and number
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of children (Table 3-7). None of these factors ¥easd to significantly influence whether or not
the HD predictive testing process was completedefRe Appendix E).

Table 3-7: Characteristics of the 57 individuals wh requested predictive testing for HD at the
Division between 1998 and 2006.

Characteristic Total % Characteristic Total %
Gendet Number of Children
Female 38 (66.7 No childrer 31 (54 .
Male 19 (33.c One or more childre 25 (43.€
Unknowr 1 .7
Relationship Status
Not in relationshig® 16 (28.1
In a relationship/Marrie 40 (70.z | Age
Unknown 1 (2.7 Under 2( 3 (5.2
20-29 24 421
Employment Status 30-39 20 (35.1
Employec 42 (73.7 40-49 6 (10.5
Not employed 13 (22.8) Over 5C 4 (7.C
Unknowr 2 (3.f

A|ncluded 13 single, 2 divorced and 1 widowed ifdlial
b Included 10 unemployed individuals and 3 students

In the predictive testing group, approximately 6o6%individuals who requested testing were
female. This is significantly different from thepeected ratio of 50% female to 50% mate(.02;
Fisher's exact test) for a dominant disorder. Mbian 70% of individuals in the predictive testing
group were married or in a relationship, and 43/98d one or more children. With regard to
employment status, about 74% of individuals inghedictive testing group were employed, which
is not significantly different g=0.07; Fisher's exact test) from the general Soufhican
population, where 58.4% of individuals are emplogad 41.6% are unemployed (Statistics South
Africa 2001). The age range of individuals who resped HD predictive testing was 18-56 years,
with a median age of 30 years (SD+8.88).
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Table 3-8: South African population divided by ethric groups according to the 2001 South African
Population Census and the observed number of patiewho requested predictive testing for HD
between 1998 and 2006, divided by ethnic groups.

Observed number
Expected number

Population Group | % in population of patients requesting
- . of patients?
HD predictive testing

Black Africar 79% 2 (3.5% 4503  (79%
White 9.6% 52 (91.2% 5.47 (9.6¥%
Colourec 8.9% 2 (3.5% 5.07 (8.9%
Indian or Asial 2.5% 1 (1.8% 1.43 (2.5¥%
Total 100% 57 (100¥% 57

a Expected values were calculated from the populgtiercentages obtained from the South African 2001
Census data using the following formula: (predetsample size of 57) x (proportion of individualseach
ethnic group). This was done to obtain the numib@rdividuals of white, black, Indian and mixed astry

in a sample of 57 individuals, based on the peamggbf individuals in each ethnic group in the gahe
South African population, who would be expectedeipuest predictive testing for HD. This was caltadia
assuming an equal gene frequency in all populafionps, which may be incorrect.

As shown in Table 3-8, more white individuals resfed predictive testing than any of the three
other groups (black, Indian and mixed ancestry)s Twas significantly different from the number
of individuals in each ethnic group who would b@e&sted to request HD predictive testing based
on the make-up of the South African population f{Stias South Africa 2001)p<0.001; Fisher’s
exact test). However, we have assumed equal gegedncy in the different ethnic groups, which
may be incorrect. The calculation is also basedrdn 57 individuals requesting predictive testing
for HD.

3.3.3 Motivation of individuals in the predictive HD testing group for entering the HD
predictive testing process

Four common reasons for entering the HD predidtgting process to find out whether or not one
will develop HD have been described in the literat(Evers-Kiebooms, Swerts, Cassiman et al.
1989; Meissen, Mastromauro, Kiely et al. 1991; @Quand Morris 1993; Lucas 1998). In this
study, the same motivations were named by pati&hisse include:

+ decrease uncertainty

+« plan for the future (including financial, maritahd career decisions)
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++ aid in reproductive decision-making

% inform children of their risks

The motivation for entering the predictive testprggram was obtained from notes written in the
genetic counselling files for 53 of the 57 indivadsl who requested predictive testing for HD.
Three of these 53 individuals were unsure if theyted to be tested, and had requested genetic
counselling to obtain more information, but did eoter the predictive testing program. Twenty-
nine of the individuals who requested predictivgtitgy gave only one main reason for doing so,
nineteen gave two reasons and two individuals dhxexe reasons for requesting HD predictive
testing. For this reason, the numbers in Figureb@i8w exceed 50.

4 (5%) 9 (12%
(12%) O Inform children of their risk

O Decrease uncertainty

25 (35%

O Aid in reproductive decisio
making

O Plan for the future

-

31 (43%)
O Other

4 (5%)

Figure 3-8: Individuals who entered the predictivetesting process had different motivations for doing
so. These motivations, as well as the number of iividuals who gave each motivation, are shown.
Some individuals had more than one motivation émuesting HD predictive counselling and/or testing.

Four of the individuals who requested predictivstitey for HD gave other reasons for wanting to
know their status and these included feeling they had symptoms and wanting to be sure (3

individuals), and the test being requested by themsion or insurance fund (1 individual).
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3.3.4 HD predictive test results

Negative Positive HDLZ

60.5% (23 0
TestsI r:ot Tests compl (23) 2.6% (1)
completea 66.7% (38 "
33.3% (19 ( Positive (151))1

Figure 3-9: The chart on the left shows the numbeand percentage of HD predictive tests that were
completed between January 1998 and December 2006tk Division. On the right are the results of
the completed HD predictive tests, including the nmnber of individuals who tested positive for HD1,
the number who tested positive for HDL2 and the nurner who tested negative for HD.

Of the total number of patients who requested pte@i testing for HD, approximately 67%
completed the process. As can be seen from FigQrel8 individuals tested positive for HD1, one
patient tested positive for HDL2 (this was an indial of mixed ancestry who was a member of a
large family confirmed to have HDL2 by diagnoststing) and 23 individuals tested negative for
HD (including one individual who tested negative fdDL2). All individuals who requested
predictive testing for HD were at 50% risk so itsaexpected that 50% of the individuals tested
would test negative for HD and 50% would test pesifor HD. The results of this study were not

significantly different from expecteg£0.50; Fisher’s exact test).
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3.4 PRENATAL HD TESTING

Nine prenatal tests for HD were requested by fiifeeidnt couples between January 1998 and
December 2006.

Table 3-9: Characteristics of individuals who requsted prenatal testing for HD, including their
gestational age at the time of the test, the gendexrge and HD status of the affected or at-risk pars,
as well as the result of the prenatal HD test andhe decision the parents took following a positive H
result.

HD status Gend(_ar Agg of Year of Gestational | Prenatal _
Couple of at-risk | at-risk Decision
of parent pregnancy | age (weeks)| result
parent parent
_ Continued
1 50% risk | Female 24 1999 12 Not tested
pregnancy
_ ontinued
2 50% risk | Female 34 1999 12 Not teste regnancy]
26 1998 Unknown Negative | Continued
pregnancy
3 Pos|t|ve Fema|e 29 2000 10 (tW|n 1) POS|t|Ve TOFb
29 2000 10 (twin 2) | Positive | TOP
30 2002 10 Negative | Continued
pregnancy
31 2002 11 Positive | TORP
4 Positive | Male 31 2002 11 Negative | Continued
pregnancy
Negative .
5 Positive | Male 41 2002 12 Continued
(47XXX)a | pregnancy|

aKaryotype analysis is routinely done on all prehagmples.
bTOP = Termination of pregnhancy

As seen in Table 3-9, the gestational age at tme the HD prenatal test was requested was
unknown for one patient, but for all others thetdesere requested between 10 and 12 weeks
gestation. Three of the five individuals requestiig prenatal testing and/or prenatal HD genetic
counselling were positive for HD and had been tgiothe predictive HD testing process, while
the other two individuals were at 50% risk. Two enahd three female probands requested genetic
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counselling to find out about HD prenatal testie age range of the individuals requesting HD
prenatal testing was 24 - 41 years. All individualso requested prenatal testing were white,

married and employed (not shown in Table 3-9).

Two of the five couples who requested prenatal selling for HD chose not to continue with a
test on the pregnancy. In both cases, testing woaNé been performed by exclusion testing using
linkage analysis, as the parents were at 50% fislaving inherited HD and had not been through
the predictive HD testing process. Both fetusesevar25% risk of having inherited the gene for
HD, and both couples chose to continue their pregiea. The other three couples chose to have
prenatal HD testing and included an affected fenpaleent and two affected male parents. For
these three couples who decided to continue withpridatal testing, tests were done by chorionic
villus sampling (CVS). Three of the seven fetusesl{ding a set of twins) tested positive for HD
using direct mutation testing. Both couples chas¢etminate their affected pregnancies. There
were four negative results done by direct mutatiesting, including one fetus which tested

negative for HD but had a karyotype of 47, XXX. Afithese pregnancies were continued.

3.5 COMPARISON OF INDIVIDUALS HAVING PREDICTIVE AND
DIAGNOSTIC TESTS FOR HD

This section compares the characteristics of indizis who had diagnostic and predictive testing
for HD.
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3.6.1 Comparison of the characteristics of individals in the diagnostic HD testing group to

those in the predictive HD testing group.

Table 3-10: Comparison of characteristics of the idividuals for whom diagnostic HD testing was
requested to those who requested predictive counbed for HD between 1998 and 2006.

Predictive Diagnostic
Total (%) Total (%) p-value2
Gender
Female 38 (66." 115 (5: p=0.045*
Male 19 (33 105 (47t
Unknowr 0 (« 1 (0.t
Ethnicity
White 52 (91 106 (4¢
Indiar 1 (1. 4 (1.¢
Mixed Ancestn 2 (3.f 11 (5)
Unknowr 0 7 (3.2
Relationship Status
Not in relationshi 16 (28.: 25 (11 p=0.85
In a relationship/Marrie | 40 (70.: 68 (30.¢
Unknowr 1 (1. 128 (57.¢
Employment Status
Employec 42 (73. 30 (13.¢ p<0.001*
Not employe: 13 (22.8) 36 (16.:
Unknowr 2 (3.5 155 (70.:
Number of Children
No childrer _ 31 (54« 24 (10.¢ p<0.001*
One or more childre 25 (43 70 (31
Unknowr 1 . 127 (57.5
Age
Mediar (SD) 30 year (SD+8.88 | 49 year (SD+15.38 | p<0.001*

ap-value is calculated using Fisher’'s exact testismdcomparison between the known variables only

* Significant
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When comparing the characteristics of the indivisiweho had diagnostic testing for HD to those
who had predictive testing and/or predictive genetiunselling for HD, as shown in Table 3-10,
the following were found to be significantly difesrt between the two groups (unknowns were

excluded from the calculations in all cases):

Gender p=0.045): In the HD predictive testing group, there werengigantly more females

requesting testing than males, compared to thendsig HD testing group, where the number of

males and females who were tested was similar.

Ethnicity (0<0.001): More white individuals requested predictive tegtior HD than any other

ethnic group whereas in the diagnostic testing grolve numbers of white and black individuals
for whom HD testing was requested were similar. f@t® of white to black individuals in the HD
predictive group (26:1) is much greater than th@raf white to black individuals in the HD
diagnostic group (1.1:1). In all ethnic groups, enondividuals had diagnostic testing than

predictive testing, but this was particularly olnsan the black population group.

Employment statugp&0.001): Significantly more individuals in the HD prediatitesting group

were employed compared to the HD diagnostic tesgirayp. In the predictive testing group,
73.3% of individuals were employed while of thoskose employment status was known in the
diagnostic testing group, 45% were employed. Empkyt status was known for all but 3.5% of
individuals in the predictive testing group, butsmanknown for 70.1% of individuals in the

diagnostic testing group.

Number of childreng<0.001): Significantly more individuals in the HD diagnastesting group

had one or more children compared to the HD preeidesting group. However, the number of
children was unknown for 57.5% of individuals irethID diagnostic testing group, while this was

unknown for only 1.7% of individuals in the HD pretive testing group.

Age (p<0.001):The median age (30 years) of the individuals waguested HD predictive testing

was significantly lower that the median age (49rgeaf individuals for whom HD diagnostic

testing was requested.
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3.6 COMPARISON OF RESULTS FROM THIS STUDY AND THOSE OF A
STUDY BY Kromberg et al. (1999)

One of the aims of the study was to compare thebeunof patients seen and the patient
characteristics observed in this study (1998 t06200 years) to the results obtained in a previous
study done by Kromberg et al. (1999) to identinuls over time. Kromberg et al. (1999) studied
the utilization of predictive, prenatal and diagim#esting for HD in Johannesburg in the Division
between 1975 and 1997 (22 years). Linkage andbgsiame available in the Division in 1989, and
was used for predictive and prenatal HD testingn®as for HD diagnostic testing were sent to
the University of Cape Town for direct mutation ses from 1994 until 2001 when direct
mutation analysis became available at the Dividmndiagnostic, predictive and prenatal HD
testing.

3.6.1 Number of predictive and diagnostic HD tests doneuwting the two different study
periods

Table 3-11: Number and percentage of patients whaell diagnostic and predictive testing for HD in
this study and in the Kromberg et al. (1999) study.

This study Kro mberg et al. (1999 | p-value
(1998-2006) (1975-1997)
Diagnostic 221 (79.5% 52 (55.9% p<0.001
Predictive 57 (20.5% 41 (44.1%
Total 27¢ 93

As seen in Table 3-11, almost 80% of tests compleétween 1998 and 2006 were diagnostic HD
tests, whereas diagnostic HD tests made up abéatB@ll tests done between 1975 and 1997.
The percentage of HD predictive tests decreasqubptionately between the two studies. HD
diagnostic tests made up significantly mqre@.001; Fisher's exact test) of the total number of
HD tests requested in this study compared to théite Kromberg et al. (1999) study.

46



Results

3.6.2 Number of tests done per year during the Kromberg €al. (1999) study and the
number done per year during this study

The Kromberg et al. (1999) study looked at patmumnbers and characteristics over 22 years —
from 1975 to 1997, while this study looked at a @aryperiod — from 1998 to 2006. When
calculating the average number of tests done pe, ylee year when testing first became available
was taken into account. The number of HD diagndssts could not be calculated over a 22 year
period, as diagnostic testing for HD could onlydo@e from 1994, when the HD gene was cloned
and direct mutation testing could be offered. Tesulted in HD diagnostic tests only being done
during a four year period during the Kromberg e(5999) study. For predictive and prenatal HD
testing linkage analysis became available in 188%ests per year were calculated over a 9 year
period (1989-1997). The average number of teste g@n year in each of the two studies is shown
below in Table 3-12.

Table 3-12: The average number of diagnostic, prediive and prenatal HD tests done per year from
the time testing became available during the Krombmg et al. (1999) study. Also shown is the average
number of diagnostic, predictive and prenatal HD tsts done per year during the 9 year time period
of this study. Direct mutation testing for HD was mly available from 1994.

This study — 9 years Kromberg et al. (1999)- 22 year:
Number Number of year:
Number of| Number of _ _ ) Number of
of tests | during which testing
tests tests/year ) tests/year
was available
Diagnostic 221 24.56 52 4 13.002
Predictive 57 6.33 41 9 456D
Prenatal 9 1.00 10 9 1.11b

aAs direct mutation analysis only became availaibl&994, number of HD diagnostic tests per yeatHer
Kromberg et al. (1999) study was calculated ov&yaar period (1994-1997).

b As linkage analysis only became available in 19188 nhumber of HD predictive tests per year and the
number of HD prenatal tests per year for the Kramlat al. (1999) study were calculated over a 9 yea
period (1989-1997).

More HD diagnostic and predictive tests were doaeyear during the 9-year period analysed in
this study compared to the number done per yeanwdsting was available during the Kromberg
et al. (1999) study. The number of prenatal HD stebne per year has remained low and

consistent.
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3.6.3 Comparison of HD diagnostic testing between the twstudies with regard to ethnicity
and test result

The study by Kromberg et al. (1999) showed HD domgic testing results by ethnicity
(white/black) and by test result (positive/negative® those characteristics were compared to the
ethnicity and test results obtained in this stedyshown in Table 3-13.

Table 3-13: Summary of the number of HD diagnostitests completed by white and black individuals
in this study compared to the number completed intte Kromberg et al. (1999) study.

This study Kromberg et al. (1999) | p-value
Number of tests requested 221 52
Number of tests completed 208 (94.1%) 52 (100%)
_ Positive 62 (61.4% 8 (47.1%
Whites : p=0.29
Tests Negative 39 (38.6% 9 (52.9%
completed Positive 40 (46.5% 11 (55%
Blacks : p=0.62
Negative 46 (53.5%) 9 (45%)

There was no significant difference between the studies with regard to the percentage of
positive and negative HD results obtained in either white p=0.29, Fisher’s exact test) or the

black population=0.62; Fisher's exact test).

Table 3-14: Summary of the total number of white ad black individuals who had HD diagnostic
testing in this study compared to the Kromberg et b (1999) study.

This study Kromberg et al. (1999 | p-value

Total number of whites who h:
101 (54.0%) 17 (45.9%)

HD diagnostic testing p=0.38

Total number of blacks who hi
) _ _ 86 (46.0%) 20 (54.1%)
HD diagnostic testing

No significant difference was found between theceetage of white individuals and the
percentage of black individuals who had HD diagieaststing during the Kromberg et al. (1999)

study compared to this study, as summarized inelfadl4 p=0.38; Fisher’'s exact test).
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3.6.4 Comparison of predictive testing for HD between thdwo studies with regard to
gender

Results of the Kromberg et al. (1999) study showBdpredictive testing results by gender.

Table 3-15: Summary of the number of HD predictivaests completed by males and females in this
study compared to the number completed in the Krombrg et al. (1999) study.

This Study Kromberg et al. (1999) | p-value
Number of tests requeste 57 41 0051
Number of tests complete 38 (66.7% 30 (73%
Tests Males 15 (3¢5% 13 (43.3%) 0081
completed Female: 23 (60.5%) 17 (56.7%

There was no significant difference between the memof HD predictive tests completed in this

study and the number completed in the previous Keng et al. (1999) studp£0.51), as shown

in Table 3-15. There was also no significant ddfeze between the number of HD predictive tests
completed by males and females in the two stughe8.81), but in both studies there were more
female patients than male patients.

3.6.5 Comparison between this study and the Kromberg etla(1999) study with regard to
the number of HD prenatal tests done and the tesessults obtained

Table 3-16: The number of prenatal tests requesteduring this study and the Kromberg et al. (1999)
study as well as number of positive and negative salts recorded during each study.

This study Kromberg et al. (1999
Number of tests requested 9 (5 couples) 10 (7 couples)
Number of tests completed 7 (77.8%) 10 (100%)
Positive 3 (42.9% 3 (30%
Results :
Negative 4 (57.1%) 7 (70%)

Results of the Kromberg et al. (1999) study showé&dprenatal testing results only (positive or

negative for HD), and did not characterise thegmdsi further. In both studies the number of
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prenatal tests requested was small, as shown ile Bab6. No tests in this study were done using
linkage analysis, while three tests in the Krombetgal. (1999) study were performed using

linkage analysis.
In both studies, all of the couples who receivgsitive HD prenatal diagnosis chose to terminate

the pregnancy. One couple in the previous studgived a risk of 48% of the fetus having

inherited HD based on exclusion testing and chos®ntinue the pregnancy.
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4 DISCUSSION

4.1 NUMBER OF DIAGNOSTIC, PREDICTIVE AND PRENATAL TESTS
FOR HD REQUESTED BETWEEN 1998 AND 2006

The majority of HD tests (77%) requested betweemudgy 1998 and December 2006 at the
Division were diagnostic tests. Predictive HD testde up 20% of the study sample, while only

3% of the sample comprised prenatal HD tests.

4.1.1 Utilization of the HD diagnostic testing service athe Division

There has been an overall increase in the numbeétDotliagnostic tests requested since 1998,
although the number decreased between 2005 and @@@6reason for the increase in the number
of HD diagnostic tests may be a greater recognaifosymptoms suggestive of HD by doctors and
specialists. This is an important reason, as mda@stdihgnostic tests are requested by specialists
and doctors outside of the Division. There has ipbsslso been an increased awareness of the
HD diagnostic testing service, particularly HDLZtiag which was set up in 2004 as part of a
research project. HDL2 testing is now routinely eon the Division. Changes in the number of
HD diagnostic tests done each year may also redleahges within the Neurology Departments
that refer patients to the Division. This may irtgy for example, the loss of staff that were aware
of and utilized the services offered by the Divisidhereby decreasing the number of HD
diagnostic tests done, or the joining of new dtadt have a good knowledge of HD and the testing
services available for this disorder, leading toréased referrals from these professionals and an
increase in the number of HD diagnostic tests dionlee Division.

4.1.2 Utilization of the HD predictive testing service atthe Division

There has been a general increase in the numbEDopredictive tests requested since 1998,
though the overall number of patients tested eadr as remained relatively small. Between
1998 and 2002 an average of 3.8 HD predictive t@ste done per year but in the last four years
of this study (2003-2006) this has increased ta@rage of 9.5 per year, peaking at 11 patients in

2005. The upward trend in numbers could be duentm@ease in the number of individuals who
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have become aware of the HD predictive testingiserpossibly from relatives, although we have
no evidence for this. It seems likely that the nemif HD predictive patients seen would increase
when the number of diagnostic tests increases duantily members becoming aware of the
condition in their family. However, the number akdictive tests done for HD has not increased
proportionately, possibly due to poor referrals fBiD genetic counselling by medical

professionals.

4.1.3 Utilization of HD diagnostic testing compared to HDpredictive testing

The number of HD diagnostic tests requested eaah lya@s remained higher than the number of
HD predictive tests. One reason for this may be Hia predictive testing is a self-selection
process as opposed to HD diagnostic testing wheotos can send samples straight to the
laboratory for testing. It may also be that thexdimited awareness of the HD predictive testing
services offered at the Division or it could be doe lack of awareness by individuals that they
are at risk of having inherited HD. Evers-Kieboomsl (1989) and Evers-Kiebooms, Nys, Harper
et al (2002) suggested that fewer HD predictivéstesay be requested out of fear of finding out
one’s status, a perceived inability to deal withasitive result or due to the lack of cure for HD
(Taylor 2004). Although uptake of HD predictivetirg was not determined in this study, as the
number of at-risk individuals was not known, praxdcstudies have shown various HD predictive
testing uptake rates ranging from 4% to 24% (Reetkim Richards and Rea 2005). A study by
Creighton, Almqvist, MacGregor et al (2003) detered the rate of uptake of predictive testing
for HD in Canada to be approximately 18%, whiletiadg by Maat-Kievet, Vegter-van der Vilis,
Zoeteweij (2000) showed an uptake rate of 24% énNktherlands. Uptake rates have been found
to be much lower in Germany, Austria and Switzet|asstimated at below 3% to 4% (Laccone,
Engel, Holinski-Feder et al. 1999). These reseasctetermined the uptake rates in their studies
by using national or local registers containing die¢ails of individuals with HD. No such register
is available in South Africa so a calculation of tptake rate could not be attempted in this study.
Analysis of the number of at-risk individuals wlemuest predictive testing for HD, out of the total
number of at-risk individuals known to the Divisjooould possibly have been estimated by
looking at the pedigrees of affected individualsowéver, data were often limited as many

individuals who had diagnostic HD testing in theiBion did not have genetic counselling.

52



Discussion

4.1.4 Utilization of HD prenatal testing at the Division

The uptake of HD prenatal testing was low, withyofilprenatal tests being requested between
1998 and 2006. Between one and three tests werestg each year, with no tests being
requested between 2003 and 2006. This is integesdim it was during these four years (2003-
2006) that the number of HD predictive and diagicotsts requested increased, so it would be

expected that more HD prenatal tests would have beEguested.

A low uptake rate of HD prenatal testing has beaumnd in other studies, with uptake rates
estimated to be between 8% and 18% (reviewed ich@Rds and Rea 2005; Robins Wahlin 2007).
The low uptake of HD prenatal testing may be dueatlack of knowledge about this option
amongst patients who do not receive genetic colimgefior HD. Another factor may be that
individuals choose not to have HD prenatal testing to an objection to termination of an affected
pregnancy (Maat-Kievit et al. 2000; Evers-Kiebooghsl. 2002; Richards and Rea 2005). It was
also noted from this study that “aiding in reproales decision making” was given as a reason for
undergoing HD predictive testing by only four patgeout of the 53 individuals (5%) who had HD
predictive testing between 1998 and 2006. This ssiggthat most individuals who have predictive
testing for HD may not consider HD prenatal testingoe very important, may hold hope for
future cures or may decide not to have childrahel test positive for HD. However, two couples
in this study had more than one pregnancy testedHi which suggests that some individuals

find the service beneficial.

HD prenatal testing uptake may also be low becaii3eis a dominant disorder, and therefore
approximately 50% of at-risk individuals are expelto test negative. These individuals would no
longer require prenatal testing for HD. In thisdsttb9% of patients tested negative for HD which
means that they would no longer need to considamngial diagnosis. Another reason may be that
the individuals testing positive for HD (both symptatic and asymptomatic individuals) may
already have children and may not be planning &rriregnancies. Some studies have shown that
individuals are less likely to have further pregrias after receiving a positive HD predictive test
result (Meissen et al. 1991; Maat-Kievit et al. @0Uibben 2007). In this study, 44.1% of patients
who had HD predictive testing had at least onedghilhile 52.5% did not. Individuals who test
positive for HD may also consider other reproduetptions (such as adoption, sperm/egg donors
or PGD) and would then not require prenatal testargHD. A study by Evers-Kiebooms et al.
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(2002) found that a common reason for individu@sliding HD prenatal testing was the hope of a
future cure for their children as well as a feartlod tests used for prenatal diagnosis (CVS or

amniocentesis).

4.2 GENETIC COUNSELLING FOR HD

Genetic counselling is not a requirement for théseing HD diagnostic testing, while all
individuals who request predictive HD testing néeéttend a genetic counselling session. This is
one reason why only 27.6% of individuals for whof Hiagnostic testing was requested received
genetic counselling. Also, many of these diagnostguests come from doctors who want to
confirm a diagnosis of HD in their patient. Althduthe laboratory results sent to the doctor have
contact details for the genetic counselling senatethe Division, doctors may not pass this
information onto their patients and inform familyembers of their risks, possibly underestimating
the value of genetic counselling for families. S#émpior diagnostic HD testing are also sent in
from all over South Africa, so the individuals bgitested may not have easy access to the genetic
counselling service in Johannesburg. It would beebeial for HD diagnostic patients and their
families to attend a genetic counselling sessidedon more about the condition and about the at-
risk status of other family members (Bernhardt,sBeker and Mastromarino 2000). It would
therefore be appropriate for all individuals tegtpositive for HD diagnostically, as well as their

families, to be offered genetic counselling.

4.3 DEMOGRAPHICS OF PATIENTS WHO HAD DIAGNOSTIC,
PREDICTIVE AND/OR PRENATAL TESTING FOR HD

4.3.1 Demographics of individuals who had diagnostic testg for HD

4.3.1.1 Gender

There was no significant difference between the lmemof males and females in the HD
diagnostic testing group£0.71; Fisher's exact test) and gender did not impache likelihood

of receiving either a positive result (HD1 or HDL@) a negative resulp€0.80; Fisher's exact
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test). This was expected, as HD is a dominantlgritéd disorder which affects males and females
equally. Other researchers have also found a odtiapproximately 1:1 male: female in their
studies (Harper 1996; Creighton et al. 2003)

4.3.1.2 Age, relationship status, number of children, amgleyment status

The majority of individuals for whom diagnostic HBsting was requested were between the ages
of 40-49 years (18.7%) and 50-59 years (21.1%) l€rdks). This was expected as these are the
age ranges during which HD symptoms typically pneg&ibben 2007). HD symptoms usually
start in the third or fourth decade of life (You2@03; Landles and Bates 2004), so by the late 40’s
and early 50’s, symptoms may have become severeasidr to detect, increasing the number of
individuals tested diagnostically for HD.

The white individuals in this study who tested pigsi for HD were slightly younger (median 48
years) than the black (median 52 years) and miredsiry (median 50 years) individuals. Indian
individuals who tested positive for HD had a medage of 31 years. The younger age of diagnosis
of Indian individuals may suggest that they devesymptoms earlier, but the sample size (4
seemingly unrelated individuals) is too small toksmassumptions about HD in this ethnic group
as a whole. With regard to the later age of diaignofblack individuals with HD, this may be due
to the misconception that HD is rare in the blacpylation group (Joubert and Botha 1988),
causing some clinicians to be reluctant to congidas a diagnosis. However, when an individual

in a family is diagnosed with HD, it may enableartfamily members to be diagnosed earlier.

Although 13 individuals were under the age of 2thattime of the test, only 1 of these individuals
(7.7%) tested positive for HD. This was expecteguasnile HD is estimated to have a prevalence
rate of about 4% in the South African white HD plgpion and up to about 15.7% in the mixed
ancestry HD population (Hayden et al. 1982). Alpouhis makes juvenile HD relatively rare,
these rates are much higher than those found e¢sewm the world, with a study by Laccone et al.
(1999) reporting a 0.9% prevalence rate of juvetdl® in the German, Austrian and Swiss
populations.
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In the HD diagnostic testing group, more individualere in a relationship (30.8%) than not
(11.3%), and more individuals had children (31.7B@n did not (10.8%). This was expected due
to the age of the individuals in this group, as enaould be expected to be in a relationship and
have had children by their 40’s and 50’s. Howetleg, results may not accurately reflect what is
happening in the HD diagnostic testing group, &r#iationship status and number of children
was unknown for the majority of individuals (57.980d 57.5% respectively) in this group. This
information is not requested on the test requeshdoand is usually only known if the patient
receives genetic counselling. Not knowing the numikechildren of HD positive individuals
means that this group, who are at 50% risk of hpwninerited HD from their affected parent,
cannot be made aware of their risks (by HD inforamatpamphlets/letters sent to them, for

example) and offered genetic counselling as thetmits are not known.

There was no significant differenc@=0.16) between the number of individuals in the HD
diagnostic testing group who were known to be emgidloand the number known to be
unemployed compared to the general South Africgoufation, where 58.4% of individuals are
employed and 41.6% are unemployed (Statistics Séidriica 2001). We would expect more
unemployed individuals in the diagnostic testingugr as they may be more likely to have had to
stop working because of their HD symptoms. Howefa@r,a large proportion of the diagnostic
testing group (70.1%) in this study, employmentustavas unknown. Harper (1996) reported that
many individuals may be able to work up to 5 yeafter the start of symptoms, with a few
maintaining their ability to work 10 years aftemgytoms start. It is often after the start of more
severe symptoms that patients would present to dicaleprofessional, when they have already
had to stop working. It is possible that, in SoAfflica, the effect of HD on the ability of affected
individuals to work may be obscured by the unemplengt rate, as many of these individuals may
be unemployed due to the unavailability of job#heathan due to HD symptoms preventing them

from working.

4.3.1.3 Ethnicity

With regard to ethnicity, a smaller proportion ¢ddk individuals underwent diagnostic testing for
HD than would be expected based on populationfdatathe 2001 South African Census. Also, a

larger proportion of white individuals had HD diagtic testing than was expected based on the
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2001 South African Census data (Table 3-2). Thiy ma due to a lack of awareness of this
service among professionals treating black indi@idwvith HD or a lack of consideration of HD as
a diagnosis in this population group possibly doeatmisconception that HD is rare in black
individuals (Joubert and Botha 1988).

Another explanation is that HD may be less prevalethe black population group. HD was first
estimated to have a prevalence of 0.01 per 10000 black and mixed ancestry populations by
Hayden et al (1982), although this is now thoughte an underestimate. Other studies since then
have provided HD prevalence rates of between 0292@0,000 and 6.37 per 100,000 in the South
African black population (Reviewed in Silber, Kroerg, Temlett et al. 1998). The prevalence of
HD in the South African mixed ancestry populatidrgwever, seems to be similar to the
prevalence in the South African white populatiopp@ximately 2.2 per 100,000) (Hayden,
MacGregor and Beighton 1980) , with both HD1 andLEDbccurring in the mixed ancestry

group.

4.3.2 Demographics of patients who requested predictiveesting for HD

4.3.2.1 Gender

Significantly more females requested HD predictigsting than male€£0.02; Fisher's exact
test). This has been found in numerous other studigler, Ball and Craufurd 1992; Harper et al.
2000; Maat-Kievit et al. 2000; Creighton et al. 20®ichards and Rea 2005). Suggestions as to
the reason for this include women being more likelyace health issues in themselves, as well as
women’s more active role in reproductive decisioaking and childcare. Men may be less likely
to want to deal with the emotional issues involiregdredictive testing for HD and in reproductive
decision-making (Harper et al. 2000; Maat-Kieviakt2000; Richards and Rea 2005)

4.3.2.2 Age, relationship status, employment status andosumf children

Most individuals requesting predictive testing @D were between the ages of 20 and 29 years

(42.1%), followed by those in the 30-39 year ageupgr(35.1) (Table 3-7). The age range seen
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here is similar to that found in studies by Tyleak (1992) and Creighton et al. (2003). These are
the ages when individuals may start thinking abibeir future such as planning relationships,
careers and/or finances and may want to know thBistatus for this reason (Tibben 2007). Few
individuals under the age of 20 would be expectdeuest predictive testing for HD as
individuals usually need to be at least 18 yearagef to enter the HD predictive testing program.
Also, few individuals over the age of 40 would bxpected to request predictive testing for HD, as
at-risk individuals over this age are likely to kastarted showing symptoms already, if they have
inherited the mutation, as symptoms of HD generstiyt in the % or 4" decade of life (Young
2003; Landles and Bates 2004)

Most individuals in the HD predictive testing grougre employed and in a relationship (73.7%
and 70.2% respectively). This may be reflectivetred age of the individuals requesting HD
predictive testing (median 30 years), as many wdigddexpected to have entered the working
environment and be in a relationship by this tirAkhough not significantly different from the

58.4% employment rate among the general South a&frigopulation §=0.07) (Statistics South

Africa 2001), the higher employment rate of 73.78érsin the HD predictive testing group may
partly be due to the majority of individuals in thesdictive testing group (91.2%) being white.
Statistics from the South African Census 2001 skioat out of the 41.6% of unemployed South
Africans, only 6.9% are white, so in a mostly-whit® predictive testing group, a higher rate of
employment can probably be expected, comparedet@dimeral South African population where

9.6% of individuals are white.

About 55% of individuals in the HD predictive testigroup had children, while approximately
45% of individuals did not. These results were kimio a Belgian study by Decruyenaere et al.
(2005) where approximately 47% of individuals haml ahildren. Other studies, however, have
found that more individuals have no children thavéhchildren. A study by Maat-Kievit et al.
(2000) in the Netherlands, found that 56% of théividuals who had predictive testing for HD
had no children, while 64% of individuals in a stdgy van der Steenstraten et al. (1994), also in
the Netherlands, had no children. Richards and(R@@6) looked at an Australian HD predictive
testing group and found that 53% of these indiMglbad no children.
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4.3.2.3 Ethnicity

With regard to ethnicity, most of the individual$avrequested predictive HD testing (91.2%)
were white, with few black, Indian and mixed anpeshdividuals requesting testing. The
proportion of whites undergoing predictive test{®d.2%) is much higher than the proportion of
whites expected to undergo predictive testing f@r (9.6%), based on South Africa population
census data (Statistics South Africa 2001).

Reasons for this could include an increased awaseokand access to the HD predictive testing
service by white individuals compared to those tbeo ethnicities. A study in the United States of
America (USA) into the uptake of predictive testiiog breast cancer found that less than 29% of
at-risk black individuals were aware of genetidites compared to almost 40% of at-risk white

individuals (Peters, Rose and Armstrong 2004).fidcked black individuals are not adequately

referred for HD genetic counselling, their relaiwgould not be aware of their at-risk status or of
the services offered in the Division.

Another American study also showed that black imfligls were less likely than white individuals
to undergo genetic counselling and/or testingHertireast cancer susceptibility genes BRCAL and
BRCA2 (Armstrong, Micco, Carney et al. 2005). Thethars suggest that this may be due to
“health care related-distrust” which has been foamde higher among black individuals than
white individuals in the USA (Armstrong et al. 2Q0% is possible that this is also the case in
South Africa, and may be one of the reasons fewamkhndividuals request predictive testing for
HD compared to white individuals. A study by Ashtéfaidet, Paterniti et al. (2003) in the USA,
also showed that a greater proportion of white thlack individuals utilised health services. They
suggested that this may be due to a bias on theopdhe doctors treating black individuals,
resulting in them being less likely to refer blan#ividuals to other health care professionals. The
lower proportion of black individuals utilizing hi#a services in the USA may also be due to the
preferences of the black individuals not to seeadattnent, or may be due to difficulties in
communication and decision-making between the patiad the health care professional (Ashton
et al. 2003).

It is also possible that black individuals are segkelp from traditional healers for HD rather
than attending a hospital or clinic. A study by Ngn Prince and Mann (2003) involving a Swahili
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population in Tanzania, showed that 48% of indigiduvisiting traditional healers did so for
common mental disorders, compared to 24% of indasl visiting primary health clinics.
Individuals may seek help from traditional healansng to their availability compared to primary
health clinics, or due to cultural beliefs, suchmaental iliness being the result of ancestral alr ev
spirits being used to inflict misfortune (Ngomaakt2003). It is possible that in South Africa,ias
Tanzania, black individuals who are experiencingchggtric symptoms, such as those associated
with HD, are not seeking medical care from primhealth centres, but rather from traditional
healers, which may be one reason for the small eombblack individuals in the HD predictive

testing group.

Another reason for the small number of black indiindls requested HD predictive testing, may be
that HD is possibly less prevalent in the black ydaffon compared to the white population
(Hayden, MacGregor and Beighton 1980; Hayden &t82; Silber et al. 1998).

4.3.2.4 Demographics of the individuals who completed th# ptedictive testing process and
those who did not complete it

Gender, ethnicity, relationship status, employnstatus and number of children were not found to
significantly influence whether or not the HD pretdie testing process was completed (Refer to
Appendix E). This is in keeping with a study in tdetherlands byaat-Kievit (2000) whdound

no difference with regard to age, gender and nunobberhildren between the individuals who
completed the HD predictive testing program angé¢heho did not complete it.

There may be other factors which influence the sienito complete the HD predictive testing
process such as fear about the test result amaeidsing for the individual, fear of discrimination
and stigmatization (regarding insurance, medicaecojob opportunities, etc), financial issues,
family influence and external factors out of theontrol (Taylor 2004). A study by van der
Steenstraten, Tibben, Roos et al. (1994) in théd&tknds found that the most common reason for
not participating in the HD predictive program wWéesar of confirmation of getting HD”, followed
by “fear of adverse effects after receiving an @ased risk”. Other common reasons given were
that the individuals felt they were coping well hvtheir current uncertainty about whether or not
they would develop HD, they did not want to shatkesir hope or that they did not want to have

testing when there is currently no treatment abégldor HD (van der Steenstraten et al. 1994).
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However, reasons individuals did not complete tiegtiedictive testing process were not assessed

in this study.

4.3.3 Demographics of the individuals for whom HD diagnosc testing was requested
compared to the demographics of the individuals whoequested HD predictive testing

Significantly more females than males requested ghi€tlictive testing, while an approximately
equal number of males and females requested HDnostig testing. This is reflective of the
expected 1:1 male to female ratio in the HD diagnogroup due to the autosomal dominant
nature of HD. However, this does not hold trueH&r predictive testing, as this is a self-selection
process, where females seem to be more likely itigles to request testing, for reasons discussed

in section 4.3.2.1.

The median age of individuals in the HD predicttesting group was significantly lower (30
years) than the median age of individuals in the diiynostic group (49 year9)<0.03; Fisher’'s
exact test). This was not surprising, as it waseetgd that individuals who request HD predictive
testing would be younger than those in the HD distjn testing group, where individuals have
already started showing symptoms of HD. As statetier, symptoms of HD generally start in the
3" or 4" decade of life (Young 2003; Landles and Bates 2004

The older age of individuals in the HD diagnostioup may account for the lower rate of
employment seen in the HD diagnostic testing grthgm in the HD predictive testing group,
possibly due to these individuals having symptomidd. The lower rate of employment seen in
this group may also be due to the larger percemédpack individuals in the diagnostic testing
group (42%), compared to the predictive testingugr3.5%). Statistics available from the 2001
South African Census show that 31.1% of black imtigls in South Africa are unemployed
compared to 6.9% of white individuals (Statisticai® Africa, 2001). The higher unemployment
rate seen in the HD diagnostic testing group mayefiective of the general unemployment rate
among the black population in South Africa, as ffopulation group is better represented in the
HD diagnostic testing group than the HD predictegting group. Age may also be the reason why

more individuals in the HD diagnostic group hadldfen compared to individuals in the HD
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predictive testing grougp€0.001; Fisher's exact test). Relationship status smilar in both the

HD diagnostic and predictive testing groups, withstindividuals being in a relationship.

In both the HD diagnostic and predictive testingugps, more white individuals had testing than
was expected based on the data from the SouthaffrRO0 Census, but this was particularly
obvious in the HD predictive testing group. As dssed earlier, this may be due to lack of
awareness of HD in population groups other than wihéte population or may be due to a
decreased incidence of HD in other population gsolrpviewed in Silber et al. 1998) or may be
due to cultural factors, as discussed in sectidr24.

4.3.4 Demographics of the individuals who requested preral testing for HD

All individuals in this study who requested prenatasting for HD were white and in a
relationship. Most individuals requesting prenatanselling and/or testing for HD were between
the ages of 24 and 34, with one individual beingrahe age 40. Three of the individuals who
requested HD prenatal testing were female and tes@\wwale. Other studies have found that more
females than males request prenatal testing foriDthe sample size of this study is too small to
make comparisons (Richards and Rea, 2005). It éas buggested that males may be reluctant to
ask their female partners to undergo prenatalngssind consider termination of pregnancy
(Richards and Rea, 2005).

All 7 tests that were completed were for individiatho already knew their status. The two
individuals who were at 50% risk of having inheatitdD and would have needed exclusion testing
opted not to have prenatal HD testing. This was aéen in a study by Richards and Rea (2005)
where individuals preferred to know their own ssabefore testing a pregnancy. Individuals may
prefer to be sure about whether or not their cisildctually at risk of having inherited HD before

placing the pregnancy at risk by undergoing ammitess or CVS.
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4.4 TEST COMPLETION, RESULTS AND MOTIVATIONS

4.4.1 Diagnostic testing for HD

4.4.1.1 Test completion

In this study, 13 of the 227 (5.7%) diagnostic gestquested were not completed. The most
common reason for this (46.2% of uncompleted casas)blood being sent in the incorrect tube,
so it could not be processed. This suggests thabime cases doctors may not be aware of the
correct procedures required by the Division wherdsey in samples for HD diagnostic testing.

4.4.1.2 HD diagnostic test results

All individuals who had diagnostic testing for HDowld have had symptoms suggestive of a
neurodegenerative disorder, though these symptoaiysnot have been entirely suggestive of HD.
A review of black HD negative individuals by Prades Amanda Krause, Head of the Clinical
Section at the Division showed that only a few leése HD negative individuals actually had
symptoms suggestive of HD (A. Krause, personal camoation, November 2007). This may
account for the approximately 45% of individualstive HD diagnostic testing group whose HD

tests results were negative.

HD symptoms may also closely resemble other digerdeich as chorea-acanthocytosis and
spinocerebellar ataxia 17 and may be a differemtiajnosis (Gold, Shifteh, Bello et al. 2006;
Schneider, van de Warrenburg, Hughes et al. 200®re is also the small possibility that a third,
as yet unidentified, locus may be the cause of RiBome of the individuals who tested negative
for HD1 and HDL2.

Receiving either a positive result (HD1 or HDL2) arnegative HD result appeared to be
dependent on ethnicityp€0.001; Fishers exact test). Individuals of whiteixed or Indian
ancestry were more likely to test positive for Hitat negative, while black individuals were
equally likely to test positive or negative for HDhis may suggest increased accuracy in the
identification of symptoms of HD in the white, mkancestry and Indian population groups than

in the black population group. It may also sugdgleat disorders mimicking HD are less common
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in population groups other than the black poputatsn individuals from the white, mixed ancestry
or Indian population groups who present with symEcsuggestive of HD are more likely to have
HD than some other condition.

In the HD diagnostic testing group, 35% of blacliuduals who tested positive for HD were
positive for HDL2.This result is similar to information obtained frdfnof. Amanda Krause, Head
of the Clinical Section at the Division, that apxiroately one third of black South African HD
patients have HDL2 (A. Krause, personal commurocatNovember 2007). Approximately 43%
of individuals of mixed ancestry who tested positier HD were positive for HDL2, suggesting
that HDL2 is almost as common as HD1 in this pojaragroup.

Children of individuals testing positive for HD aa¢ 50% risk of having inherited the disorder.
The number of children was known for 64 of the iridividuals (57.7%) in the diagnostic testing
group who tested positive for HD1 or HDL2, and lieth 160 individuals. These individuals may
or may not be aware of their risk of having inretitHD so it is important that these individuals
are informed of this and have access to genetinggiling for HD. In August 2007 it was decided
by the Division to attempt to do this by postindiB newsletter to the last known address of
individuals who tested positive for HD, providingem with support and information, as well as
contact details for the genetic counselling unithat Division. Also included was a form inviting
individuals to update their contact details if theighed to receive further correspondence. Thirty-
three letters have been sent out to date, andspomses (all requesting further information) have
been received so far.

4.4.2 Predictive testing for HD

4.4.2.1 Motivation of individuals in this study for request HD predictive testing

The results show that 50.9% of individuals in tsiisdy who requested predictive testing for HD
had one main reason for doing so, while some iddais had two or more reasons. The most
common reason given was to decrease anxiety, whishmilar to results of other studies (Evers-
Kiebooms et al. 2002). Knowing one’s status may helrelieve stress and enable the individual
to think about their future to some extent (RobWahlin 2007). This is closely linked to the

second most commonly given reason for finding aug’s status - planning for the future. In a
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study by Lucas (1998), “planning for the future”ssthe most commonly given reason for entering
the HD predictive testing process. Planning for filmeire usually involves financial planning to
ensure enough money is available for care of actdll individual and for their family (Evers-
Kiebooms et al, 2002), looking for appropriate nsatland life insurance plans, deciding on issues
relating to relationships and reproduction and diegi on careers and employment. Lucas (1998)
found that individuals considered planning for fo&re to include planning a family, making
financial and residential decisions for the futulegiding whether to marry and/or making changes

in their employment status.

Only four of the individuals in this study citedidang in reproductive decision making” as one of
their reasons for entering the HD predictive tegtmocess. This is much lower than the rates
given by other researchers such as Evers-Kiebodna. €2002) who reported that 38% of
individuals requesting predictive testing gave fogjuctive decision-making” as a main reason.
The low rates reported in this study may be thahynmdividuals in this study could have
considered “aiding in reproductive decision-makirigbe a way of “planning for the future”, as
was seen in the study by Lucas (1998). Informatiegarding motivations for entering the
predictive testing program were obtained from noteisten in the patient’s genetic counselling
file rather than by direct questioning, so it wad known what each individual considered to be
part of “planning for the future” when providingishas their motivation. Another reason why
“aiding in reproductive decision making” was only@n as a motivation by four individuals, may
be that many individuals in this study already bhtddren (43.9%) and did not require the service.

Other individuals may not have been concerned ehtld-bearing at that time.

Only 12% of individuals in this study reported wiagtto know their HD status to inform their
children of their new risk. This is lower than trege found by Evers-Kiebooms et al (2002) who
reported that 28% of individuals in their studydstiiey wanted to know their HD status to inform

their children of their risks.

4.4.2.2 HD predictive test completion

Approximately 67% percent of individuals in thisidy who attended an initial genetic counselling

session for HD predictive testing completed thecess. A study by Mandich, Jacopini, Di Maria
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et al. (1998) in Italy showed that more than hdlthe individuals who entered their predictive

testing program withdrew after counselling onceythad had time to contemplate what a positive
HD test result may mean for them in their livesa&ms for not entering the HD predictive
program or not completing the HD predictive testpmpcess may include fear of receiving an
increased-risk result and not being able to cople iyiknowing there is no available treatment for
the disorder, fear of the future and what will happo them if the results show they will develop
HD, fear of discrimination such as loss of insumnihe financial costs of completing the HD
predictive testing program, and just preferring taoknow (Reviewed in Maat-Kievit et al, 2000;

Evers-Kiebooms et al, 2002). However, it is notydasstudy the individuals who do not enter the
HD predictive testing process, as it may be diffido obtain contact details for them and, if

contacted, these individuals may be reluctant antel pressurised to participate in studies

regarding HD.

The median time taken to complete the HD predicttesting process was 125.5 days
(approximately 4 months; SD+156.6). Time taken dmplete the HD predictive testing process
has not been reported in other studies, so comypardata are not available. The time taken to
complete the process reflects the number of primieals who need to be seen before a result is
given. Individuals who completed the program inhearger time period may have been very
anxious and have wanted to complete the proces&lguvhile individuals who took longer may
not have been ready to receive a result or mag, dikme of the individuals in this study, have
lived in bordering countries or far away from Johesburg, with transport problems hampering
the process.

4.4.2.3 Result of HD predictive testing

Of the individuals who had predictive testing fobH39.5% tested positive (for HD1 or HDL?2)
while 60.5% tested negative. This did not diffegrsficantly from the 50% positive rat@£0.50;
Fisher's exact test) expected for autosomal donid&orders, such as HD. Other studies have
also shown an increased number of negative teglisealthough also not significantly increased,
with a ratio of approximately 40% positive/60% ntga (Benjamin, Adam, Wiggins et al. 1994,
Almgvist et al. 1999; Harper et al. 2000; Maat-Ktest al. 2000; Creighton et al. 2003). Maat-
Kievit et al. (2000) suggested that this may be tlu¢he age range of individuals requesting
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predictive testing (usually 30-39 years) which wbuéduce the age-related risk from 50% to
between 47.6% and 42.5% because a percentage widirals would have already started
showing symptoms (Harper et al. 2000). They algggsst that the self-selection process for HD
predictive testing may play a role. Individuals nfagl they are asymptomatic and feel confident
of receiving a negative result so request HD ptedictesting. Alternatively, early cognitive
symptoms in HD carriers may cause them to be les8vated to request predictive testing,
thereby lowering the number of positive test ressgiken (Tyler et al, 1992; Maat-Kievit et al.
2000). A larger study sample will be needed to iconthe apparent increased number of negative
results seen in this and other studies.

Only one individual tested positive for HDL2 in tipeedictive testing group. This is due to the
small number of black (two) and mixed ancestry {twadividuals requesting HD predictive
testing in this study. HDL2 has not been found ¢ous in white individuals and this population

group made up the majority of the HD predictiveitesgroup in this study.

4.4.3 HD diagnostic testing compared to HD predictive tesg with regards to test
completion

Most HD diagnostic tests were completed (94.7%)ilevbnly 66.7% of the individuals who
attended a genetic counselling session regardingokédictive testing completed the predictive
testing process. This is due to the self-selegbi@tess involved in HD predictive testing, where
individuals can chose whether or not to continuéhwhe HD predictive protocol, while with HD

diagnostic testing, samples are usually sent ia dgctor.

4.4.4 Prenatal testing results

Seven fetuses (including a set of twins) were te&ie HD. Three fetuses tested positive for HD
(including both twins) and these pregnancies wermihated. The other four pregnancies tested
negative, and were continued. Individuals who ckotas terminate an affected pregnancy may
have decided they did not want to have a child wiilbeventually develop HD. Other studies

have also found that individuals who have a pregpdested for HD choose to terminate the

pregnancy if the fetus tests positive (RevieweRirhards and Rea, 2005).
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45 COMPARISON OF THE UTILIZATION OF HD TESTING SERVICE S
BETWEEN THIS STUDY AND THAT OF A PREVIOUS STUDY DON E
BY Kromberg et al. (1999)

45.1 Comparison between the two studies with regard tohe utilization of the HD
diagnostic testing service offered by the Division

Compared to the Kromberg et al. (1999) study, tl@&® been an increase in both the number of
HD diagnostic tests done per year (from 13.00 pearyto 24.56 per year), as well as the
percentage of diagnostic tests out of all HD tdstse. This may be due to an increased awareness
of the service by medical professionals and aness®d awareness of and diagnosis of HD,
particularly in the local system, due to talksesh and genetic counselling. The number of tests
performed may also have increased due to the dewelot of direct mutation analysis for HD, and

its implementation at the Division, making testmgre easily available in Gauteng.

45.2 Comparison between the two studies with regard tohe utilization of the HD
predictive testing service offered by the Division

More HD predictive tests have been done per yetavdan 1998 and 2006 (6.33 per year) than the
number done per year between 1989 and 1997 (4.64¢qae). Although the Kromberg et al.
(1999) study looked at testing from 1975 to 19%kdge analysis only became available in 1989.
The increase in the number of HD predictive testsedmay be due to the implementation of the
predictive testing program, as well as the develapinand availability of direct mutation testing
for HD. This would eliminate the need for extensiaenily study, and would provide a more
definitive result than linkage analysis. A Scott&hdy also showed an increase in the number of
HD predictive tests requested following the develept of direct mutation testing for HD, and the
researchers suggested that this was due to thatoefiresults obtained by this method (Holloway,
Porteous, Fitzpatrick et al. 1998). Awareness ef D predictive testing program may also have
increased, perhaps from outreach projects, sugiresentations to professionals, or by word of

mouth within families.
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45.3 Comparison between the two studies with regard tohe utilization of the HD prenatal
testing service offered by the Division

The number of HD prenatal tests done per year émasined low, with 1.11 tests being done per
year between 1989 and 1997 and one being donespeibgtween 1998 and 2006. The lack of an
increase in the number of HD prenatal tests peddrover time may suggest a continuing lack of
awareness of the service, most probably by indalgeluvho have tested positive for HD
diagnostically rather than those who completedHBepredictive testing process. There may also
perhaps be a lack of interest in the service. Basans for possible lack of interest in the service
have been discussed in section 4.1.4.

Decisions taken after a positive HD result haveai@ed consistent, with all couples choosing to
terminate the pregnancy. Direct mutation testing tegplaced linkage analysis, as this test is more
definitive. Similar findings with regard to terminag affected pregnancies, and a shift towards

direct mutation testing, have been shown in otheties (Reviewed in Richards and Rea, 2005)

4.6 LIMITATIONS OF THE STUDY DESIGN AND DATA COLLECTION

A limitation of this study included lack of informian such as missing files or missing information
in files. Information used in this study was ob&ainfrom patient records from the Division and
relied on information written by genetic counsedland clinicians, as well as laboratory test
results. One area where this may have been a nhapation is with regard to patients’

motivations for entering the HD predictive testipgpgram. Many individuals may have given
“planning for the future” as their reason for regtiey HD predictive testing, which would have
been written into the file, but what they meantthis may not have been fully documented (for
example, financial planning, aiding in reproductidecision-making, planning relationships,

careers and employment).

Missing information in files may have resulted maccurate reflections about the cohort of HD
diagnostic patients. Missing information includepes, ethnicity, number of children, relationship
status, employment status and gender, which was oibt reported in the files of HD diagnostic
patients.
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4.7 RECOMMENDATIONS

From the results of this study, it appears thareheas been an increase in the number of
individuals requesting HD predictive testing, adl\ae an increase in the number of HD diagnostic
tests being performed. The service still seemsetarder-utilised, though. It is recommended that
the current service be continued, but that promsi@are made for an increasing number of
individuals who may start utilising this servicéni3 may include training more genetic counsellors
to offer predictive testing for HD, and increasiagoratory staff numbers over time to ensure that

the HD diagnostic service continues to run smoothly

It is also important to continue with publicity an@aess because it seems that there is still aolflack

awareness of the services available. This candectjiving talks to educate medical professionals
about the indications for HD testing, and talkilmgdioctors after their patients receive a positive
HD result to encourage them to refer these patifamtgenetic counselling. Publicity awareness
can also include providing information for familyembers of individuals with HD as well as

involvement in HD support groups. One way in whadtients are being educated about HD is by
posting newsletters to affected patients with uplate HD information, which they can pass onto
their families. Information can also be made avddao the public to educate them about HD and

inform them of the services offered, either by wshpamphlets or by hosting seminars.

4.8 FEUTURE RESEARCH

Future research could include continuing this studyg the future to assess and follow trends
further over time. It may also be important to extehis study to include patients seen for HD
diagnostic, predictive and prenatal testing in o#reas of South Africa. The laboratories at the
NHLS in Johannesburg and in Cape Town, processntijerity of HD samples in South Africa.
There are also private laboratories in South Afidach offer HD testing. Individuals tested by
other laboratories in South Africa could be incldde a study, and results of a broader study could

give a better overview of HD in South Africa.

Future research could include further studies théoprevalence of HD within the different ethnic

groups, as well as reasons for any discrepancigsdfolt may also be interesting to look at the
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motivations of South African individuals not to entthe HD predictive testing program, and
reasons why individuals do not complete the prac&ther areas of interest which could be
researched include the number of individuals whod#eto have children following a positive HD
result, whether these individuals choose an altenaeproductive method such as adoption,
egg/sperm donation or PGD, and how many individumalso do not choose alternative
reproductive options have prenatal HD testing.
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5 CONCLUSION

The majority of HD tests done by the Division weiagnostic tests (77%), followed by predictive
tests (20%), then prenatal tests (3%). One of ieeatl findings of this study is that there hasrbee
an increase in diagnostic and predictive testing HD, with prenatal testing remaining
consistently low. It is, therefore, necessary tsuea that there are adequate resources available
and sufficient numbers of trained laboratory teclams, clinicians and genetic counsellors to cope
with the increasing number of HD tests being retpees

Another finding of this study was that all indivals who requested prenatal and predictive HD
testing received genetic counselling, but only 2¢ & individuals who had HD diagnostic testing

received genetic counselling. This study therefoghlights the need for education of affected and
at-risk individuals and their families about HD ath@ creation of a greater awareness of the HD

genetic counselling and testing services amongpsadnals and the public.

This study has also provided an insight into tharabteristics and motivations of the individuals
who had genetic counselling and/or testing for Wost individuals in the HD diagnostic testing

group were between the ages of 40 and 59 yearse Wiuse in the HD predictive testing group
were between 20 and 29 years of age. In the HDigiresl testing group, most individuals were
white, suggesting an increased awareness of thepkDictive testing service among at-risk
individuals in this population group. In the HD diestic testing group, the black population was
still under-represented compared to the white papar but to a lesser extent than in the HD
predictive testing group. The most common motivatgiven by individuals who requested

predictive testing for HD was to “decrease uncatdifollowed by “planning for the future”. The

information obtained from this study regarding eaticharacteristics may be helpful in future

genetic counselling sessions, and in patient care.

This study has also highlighted areas where mdoenration is needed, for example, regarding
the frequency of HD in different ethnic groups, tbes uptake rate of HD prenatal testing and
reasons for individuals not entering the HD pradéetesting program. A lot of information has

been generated from this study, and can be usadtasting point for future research.
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APPENDIX B
DATA COLLECTION SHEET 1

SUBJECT CODE:
PREDICTIVE TESTING
1. Date of Birth:
2. Gender:
1. Femald_] 2. Mal{_]
3. Ethnicity:

1. Whitel ] 2.Blacl_] 3.Indid_| 4. Mixed AnogsD 5. Unknownl_]

4. Relationship status:
1. Single [] 2. Divorced/Separated []
3. Widowed[_| 4. Married/ in reIationshD
5. Unknown/Uncertairl_]

5. Occupation Status:
1. EmployedD 2. UnemployD

6. Number of children:

ol 1] 200 41 41 41 I 7unknov ]

7. Date of first genetic counselling session:
7.1 Age at time:

8. Date of entry into the predictive testing praces
8.1 Age at time:

9. Date of result-giving session:

9.1 Age at time: . 9.2 Not applicabID

10. Test Result:
1.1 Positive HD1[_] 1.2 Positive HD2 [ ]
2. Negative [] 3. Not tested/No red_1

11. Motivation for undergoing testing:
1. To decrease uncertainty [] 2. To plan for the futurd_|
3. To aid in reproductive decision-makir‘L__| . T4 inform children [
5. Other:
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APPENDIX B (Cont.)
DATA COLLECTION SHEET 2

SUBJECT CODE:
DIAGNOSTIC TESTING
1. Date of Birth:
2. Gender:
1. FemalD 2. MaID
3. Ethnicity:

1. Whitel ] 2.Blaci_] 3.Indid_| 4. Mixed AnogsD 5. Unknownl_]

4. Relationship status:
1. Single [] 2. Divorced/Separated []
3. WidowedD 4. Married/ in reIationshD
5. Unknown/Uncertairl_]

5. Occupation Status:
1. EmployedD 2. UnemployD

6. Number of children:

ol 10 2010 41 41 41 I 7unknov ]

7. Date of test:
7.1. Age at time of test: :

8. Test Result:
1.1 Positive HD1[_| 1.2 Positive HD2 [ ]
2. Negative [] 3. Not tested/No red |

8. Reasons for test not being completed (if applea
1. Test cancelled by requesting doc[_| 2. T [

3. Incorrect collection tube used
4. Other:
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APPENDIX B (Cont.)
DATA COLLECTION SHEET 3

SUBJECT CODE:
PRENATAL TESTING
1. Gestational Age:
2. Gender of fetus:
1. FemalD 2. MaID 3. UnknoD
3. Status of parent:
1. Affected ] 2. At 50% ris_|

4. Gender of affected/at risk parent:

1. FemalD 2. MaID

5. Age of affected parent at time of test:

6. Number of other children in the family:

ol ] 100 2[0 41 41 41 {1 7unknov ]

7. Test Result:
1.1 Positive HD1[_] 1.2 Positive HD2 [ ]
2. Negative [] 3. Not tested/No red |

8. Number of CAG repeats:

9. Decision made following a positive result:
1. Termination of pregnancL__| 2. Continuation cégnancyD
3. Not Known
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APPENDIX C
Ethics Clearance Certificate
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APPENDIX D
Letter of appeal regarding ethics clearance condibins
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APPENDIX E
Table of characteristics of the individuals who comleted the HD
predictive testing program and those who did not

Table summarising the characteristics of the indiduals who requested predictive testing for HD
between January 1998 and December 2006. The tablds@ shows a comparison between the
individuals who completed the predictive testing ppcess and those who did not.

Total Completed Not Completed
Gendet
Female 38 (66.7 23 15
Male 19 (33. 15 4
p-value p=0.21 (Not significant
Ethnicity
White 52 91.: 36 16
Black 2 (3.t 0 2
Indiar 1 (1. 0 1
Mixed Ancestn 2 (3.5 2 0
p-value p=0.07 (not significant
Relationship Status
Not in relationship 16 (28.: 9 7
In a relationship/Marrie | 40 (70.: 29 11
Unknowr 1 .. 0 1
p-value p=0.34 (not significant
Employment Status
Employec 42 (73." 31 11
Not employe 13 (22.8) 7 6
Unknowr 2 (3.t 0 2
p-value p=0.1€ (not significant
Number of Children
O childrer 31 (54) 21 10
1 or more childret 25 (43.9 17 8
Unknowr 1 (2.7 0 1
p-value p=1.0 (not significant
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Age
Under 2( 3 (5. 2 1
20-29 24 42.1 14 1C
30-39 20 (35.1 16 4
40-49 6 (10.t 4 2
Over 5( 4 (7.0 2 2
p-value p=0.53 (not significan
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