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bstract Background: Genetic risk for Alzheimer’s disease (AD) can be conferred by the susceptibility
polymorphism apolipoprotein E (APOE), where the �4 allele increases the risk of developing
late-onset AD but is not a definitive predictor of the disease, or by autosomal dominant mutations
(eg, the presenilins), which almost inevitably result in early-onset familial AD. The purpose of this
study was to compare the psychological impact of using these two different types of genetic
information to disclose genetic risk for AD to family members of affected patients.
Methods: Data were compared from two separate protocols. The Risk Evaluation and Education for
Alzheimer’s Disease (REVEAL) Study is a randomized, multi-site clinical trial that evaluated the impact
of susceptibility testing for AD with APOE in 101 adult children of AD patients. A separate study,
conducted at the University of Washington, assessed the impact of deterministic genetic testing by
disclosing presenilin-1, presenilin-2, or TAU genotype to 22 individuals at risk for familial AD or
frontotemporal dementia. In both protocols, participants received genetic counseling and completed the
impact of event scale (IES), a measure of test-specific distress. Scores were analyzed at the time point
closest to 1 year after disclosure at which IES data were available. The role of genetic test result (positive
vs negative) and type of genetic testing (deterministic vs susceptibility) in predicting log-transformed IES
scores were assessed with linear regression, controlling for age, gender, and time from disclosure.
Results: Subjects from the REVEAL Study who learned that they were positive for the suscepti-
bility gene APOE �4� experienced similar, low levels of test-specific distress compared with those
who received positive results of deterministic testing in the University of Washington study (P �
.78). APOE �4� individuals in the susceptibility protocol experienced more test-specific distress
than those who tested �4– in the same study (P � .04); however, among those receiving deter-
ministic test disclosure, the subjects who received positive results did not experience significantly
higher levels of distress when compared with those who received negative results (P � .88).
Conclusions: The findings of this preliminary study, with limited sample size, suggest that the
test-related distress experienced by those receiving positive results for a deterministic mutation is
similar to the distress experienced by those receiving positive results from genetic susceptibility
testing, and that the majority of participants receiving genotype disclosure do not experience
clinically significant distress as indicated by IES scores 1 year after learning of their test results.
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. Introduction

Alzheimer’s disease (AD) is unique in that both suscep-
ibility and deterministic genes can confer risk for the dis-
rder. The apolipoprotein E (APOE) gene is a susceptibility
olymorphism for late-onset AD, the most common form of
D and the most common dementia in the aging population.
he APOE �4 allele increases the risk of developing AD but

s neither necessary nor sufficient to cause AD, and genetic
esting for APOE cannot be interpreted as a definitive pre-
ictor [1]. In contrast, early-onset familial AD has been
inked to the genes presenilin-1 (PS1) and presenilin-2
PS2), both of which, although quite rare, are nearly 100%
enetrant and are thus considered deterministic [2]. As such,
ndividuals carrying a mutation at the disease locus will
lmost inevitably develop the condition, with typical onset
n the fourth to seventh decade. Keeping in mind the dif-
erent ages of onset for its subtypes, AD is the only neuro-
egenerative disease that has both testable deterministic
ene markers and a testable susceptibility gene marker,
resenting a unique opportunity to compare the psycholog-
cal impact of disclosing the results of different types of
enetic testing within the same disease. AD might also serve
s a paradigm for understanding the implications of suscep-
ibility and deterministic genetic testing for other neurologic
iseases.

Both survey data [3–5] and clinical research [6–9] have
hown that many persons at risk for AD are interested in
eeking their own genetic profiles. One national survey
ndicated that 79% of respondents would take a hypothetical
redictive genetic test for AD, and 45% would take the test
ven if it were only partially predictive [4]. At-risk individ-
als who pursue testing in a research environment perceive
any advantages to disclosure of risk estimates, including

reparing one’s family for AD and guiding decisions on
dvance directives and long-term care insurance [8,10].
owever, there is a concern that providing genotype infor-
ation might create distress as well as legal and financial

omplications for the patient. For these reasons and because
enetic susceptibility testing does not have definitive pre-
ictive value, several consensus statements were published
uring the 1990s arguing against the clinical use of APOE
enotyping for predictive purposes in clinical settings [11–
5]. A consensus statement in regard to the use of deter-
inistic genetic testing for familial AD has also been pub-

ished, which argues for judicious use of this type of genetic
esting in research settings but cautions against widespread
linical introduction [16].

The psychological sequelae of providing these two types
f genetic testing for AD have never been systematically
ompared. Such information will become especially impor-
ant as treatments for AD are developed, making accurate
arly identification of those at risk increasingly vital to

revention and patient care. Toward this end, the present t
tudy examined psychological distress in the aftermath of
oth susceptibility and deterministic genetic testing for AD.

. Materials and methods

Data were collected in the context of two separate, indi-
idually designed protocols. The Risk Evaluation and Edu-
ation for Alzheimer’s Disease (REVEAL) Study, based at
oston University School of Medicine, was conducted to
ssess the impact of providing genetic susceptibility testing
o first-degree relatives of patients with late-onset AD
6,8,9,17]. A separate group at the University of Washing-
on collected similar data as to the impact of deterministic
enetic testing for early-onset familial AD and frontotem-
oral dementia [7].

.1. Susceptibility testing protocol

The REVEAL Study is a multi-site randomized con-
rolled trial and has been described in previous publications
6,8,9,17]. In brief, 92% of research participants at three
ites were adult children of a person with clinically diag-
osed or autopsy-confirmed AD. The remaining 8% of
articipants were siblings of a person with AD. Of the
articipants included in analyses for this study, 74 were
elf-referred after hearing of the REVEAL Study in memory
ssessment clinics, public presentations, or the media, and
7 were systematically ascertained through research regis-
ries at the study site. After an education session with a
enetic counselor, participants were genotyped for APOE
nd received both genotype disclosure and a risk estimate
or AD (range, 13% to 57%) derived from genotype, age,
ender, and family history. At follow-up time points (ap-
roximately 6 weeks, 6 months, and 12 months after dis-
losure; actual date determined by participant availability
nd receipt of questionnaires), the impact of event scale
IES) was one of several outcome measures administered to
ach participant in the form of a mailed-in survey [18]. This
cale is described in detail below.

.2. Deterministic testing protocol

The protocol to assess the impact of deterministic testing
or AD was conducted at the University of Washington and
as also been previously detailed [7]. Briefly, families have
een identified with detectable mutations in the genes PS1,
S2, and TAU, which confer a 95% lifetime penetrance for
lzheimer’s dementia (PS1, PS2) and for frontotemporal
ementia (TAU) [2]. Members of these identified pedigrees
ere contacted by mail with a letter describing the avail-

bility of genetic testing and providing a contact for further
nformation. Those who responded were then phoned and
rovided a booklet describing genetic testing in detail and
iscussing the risks and benefits of such testing. Individuals
ho enrolled in the study were provided with genotype
isclosure and genetic counseling, with subsequent long-

erm follow-up. A support person, such as a spouse or
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riend, was included in the genetic counseling sessions as an
motional and social resource when the subject received
enetic test results. IES and other data were collected im-
ediately after genotype disclosure, at approximately 6
onths after disclosure, at approximately 12 months after

isclosure, and at yearly intervals thereafter via mailed-in
urveys. However, because some IES surveys were not
eturned, these data were not available at every time point
or each individual participant.

Because there were insufficient numbers of individuals
ith specific familial deterministic mutations (PS1, PS2,
AU), we could not analyze the outcome of genetic testing

or each mutation separately. Results for the deterministic
roup therefore represent the impact of deterministic ge-
etic testing in a cohort at risk for either inherited AD or
nherited frontotemporal dementia. Because these disorders
re both dementias inherited in an autosomal dominant
ashion, we considered the implications of genotype disclo-
ure to be similar enough to pool both groups together in
nalyses.

.3. IES

The IES is a well-validated, 15-item scale that anchors
istress to a specific event (in this case, disclosure of genetic
isk information) and quantifies the symptoms of distress
nto two categories, intrusion and avoidance [18]. Intrusion
s described by Horowitz et al [18] as “unbidden thoughts
nd images, troubled dreams, strong pangs or waves of
eelings, and repetitive behavior” in regard to the psycho-
ogically significant event and is assessed on the IES instru-
ent with questions such as “I thought about it when I

idn’t mean to.” Avoidance is described as “ideational con-
triction, denial of meanings and consequences of the event,
lunted sensation, behavioral inhibition or counterphobic
ctivity, and awareness of emotional numbness” in regard to
he psychologically significant event and is assessed on the
ES with questions such as “I tried to remove it from my
emory.” For each item, participants are asked to indicate

he occurrence of an intrusion or avoidance event. Specifi-
ally, the instructions on the IES instrument used in our
tudy read: “Recently we told you the results of your risk
ssessment for Alzheimer Disease. Below is a list of com-
ents made by people after they have experienced similar

vents. Please circle each item, indicating how frequently
hese comments were true for you DURING THE PAST
EVEN DAYS. If they did not occur during that time,
lease mark the” not at all “column.” Scoring was calcu-
ated by the following scale: never, 0; seldom, 1; sometimes,
; often, 5. The intrusion subscale consists of seven items
ith a maximum score of 35, and the avoidance subscale is

ight items with a maximum score of 40, giving a total
aximum score of 75. There is no baseline score for the IES

ecause it is given after and in response to a specific event

in this case, genetic disclosure). r
Although initially constructed as a measure of the re-
ponse to trauma, the IES has been successfully used to
ssess the impact of genotype disclosure in other genetic
esting studies [19–22]. Furthermore, the reliability of the
ES has been validated and its psychometric properties
erified in the literature, with the conclusion that this in-
trument is a legitimate measure of distress after a variety of
ignificant events [23].

.4. Statistical analyses

Total IES scores and subscale scores were evaluated at
he time point closest to 1 year at which IES data were
vailable for the susceptibility protocol (mean, 12.9 � 1.4
onths; range, 7 to 16 months from disclosure) and for the

eterministic protocol (mean, 16.6 � 8.9 months; range, 6
o 36 months from disclosure). We controlled for the dis-
arity in time points by including a time from disclosure
ariable in a linear regression model. Linear regression
nalysis included variables for type of genetic test, result,
ender, age, and time from disclosure (in months) to assess
heir predictive importance to log-transformed IES scores
n each subscale. IES scores were log-transformed in the
inear regression model as a result of non-normal distribu-
ion of the raw scores. Mean IES scores in each group were
ompared by using analysis of variance (ANOVA). With
tandard convention of alpha � 0.05 and beta � 0.80, we
alculated that this study was powered to reliably detect a
ifference of 5.3 in mean IES scores between two groups.
AS (SAS Institute Inc, Cary, NC) computer software was
sed in all analyses.

We also analyzed IES outcomes according to cutoff
oints indicative of possible clinical significance. Although
here is no universally accepted score to indicate clinically
ignificant distress on the IES, previously published work
as established score ranges that might be suggestive of
linical distress [21,24,25]. Although these studies have
sed different cutoff points, we considered individuals with
alues of �13 for avoidance, �15 for intrusion, and �28 in
otal as being potentially significantly distressed. These cut-
ff points fall in the range established by other reports.

. Results

Demographic characteristics for the two sample popula-
ions are shown in Table 1. Of the participants included in
ur analyses, 49 were APOE �4�, 52 were APOE �4�,
ine tested positive for a deterministic genotype, and 13
ested negative for a deterministic genotype. In the deter-
inistic group, nine individuals were tested for PS1 (four

ositive, five negative), six individuals were tested for PS2
three positive, three negative), and six individuals were
ested for TAU (two positive, four negative). Study partic-
pants in both susceptibility and deterministic protocols
ere predominantly white, with no significant difference in
ace distribution between the two protocols (P � .311).
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here was a greater representation of women than men
mong both sample populations (71.3% female in the sus-
eptibility protocol, 59.1% in the deterministic protocol);
here was no significant difference in gender representation
etween the two protocols (P � .262). Mean age was 51.9
ears in the susceptibility protocol and 40.7 years in the
eterministic protocol (P � .0001).

There were 17 individuals in the susceptibility protocol who
ad family members involved in the study. Of these, seven
amilies had two siblings, and one family had three siblings. In
hree families, both siblings tested �4�. In three other families,
oth siblings tested �4�. There was a single family in which
ne sibling tested �4� and the other tested �4�. For the
ingle family with three siblings, one tested �4�, and two
ested �4�. The 22 individuals in the deterministic study
epresented 11 distinct families, with four sibling pairs. In
wo of these sibling pairs, both siblings tested positive. In
he other two sibling pairs, one sibling was positive, and one
ibling was negative. Members of other families were more
istant relatives.

In the susceptibility protocol, the overall response rate to
ES questionnaire was 88.3%. There was no difference in
esponse rate between subjects testing �4� and those testing
4� (P � .607). In the deterministic protocol, the overall
esponse rate to mail-in questionnaires was 75%. For those
esting positive, the response rate was 73%. For those test-
ng negative, the response rate was 77%. One individual
esting positive asked not to be re-contacted, so no ques-
ionnaires were sent to this subject.

Comparing the impact of susceptibility versus determin-
stic testing, we found no significant differences in mean
otal IES scores between individuals positive for the sus-
eptibility gene and those positive for a deterministic gene
mean IES, 8.1, standard deviation [SD], 8.7 vs mean IES,
.1, SD, 14.8; P � .78; Table 2). However, individuals who
ested negative in the deterministic protocol scored signifi-
antly higher on the IES intrusion scale than individuals
ho tested negative in the susceptibility protocol (mean

ES, 5.8, SD, 8.9 vs mean IES, 2.0, SD, 4.9; P � .045).
In the susceptibility protocol, mean total IES score at 1

ear after disclosure for APOE �4� individuals was signif-
cantly higher than the mean IES score for individuals who
eceived disclosure of APOE �4� genotype (mean IES, 8.1,
D, 8.7 vs mean IES, 4.4, SD, 8.8; P � .035; Table 2).
igher total IES scores among APOE �4� individuals com-
ared with the APOE �4� group were driven by high mean
cores on the avoidance subscale of the IES in particular
mean, 5.2, SD, 5.9 vs mean, 2.4, SD, 4.7; P � .009). In
ontrast, after deterministic testing, individuals who re-
eived negative disclosure results experienced approxi-
ately as much distress as those who tested positive, with
ean scores of 8.2, SD, 11.4, and 9.1, SD, 14.8, respec-

ively (P � .88).
A linear regression model (Table 3) with log-
transformed IES score as outcome measure and variablesT
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or test result (positive vs negative), type of genetic testing
susceptibility vs deterministic), age, gender, and time from
enotype disclosure (in months) revealed no significant pre-
ictive value of time from disclosure on IES scores, lending
alidity to the comparison of disparate time points necessi-
ated by this analysis. The genetic test result (negative or
ositive) was predictive of total IES, with individuals who
eceived a positive result scoring 56.8% higher than the
egative group when adjusting for all other variables in the
odel (P � .01). Test result was also predictive of the IES

voidance subscale scores, with the positive group scoring
4% higher than the negative group (P � .005). Result was
ot a significant predictor of IES intrusion subscale scores.
ype of genetic testing (susceptibility or deterministic) was
ot significantly predictive of total IES score, and it was not
significant predictor of the subscale IES scores when

djusting for other variables. Neither age nor gender played
predictive role in IES scores.
It is important to note that the majority of participants in

oth protocols scored well below clinical cutoffs in re-

able 2
ES scores by type of testing and genetic test result

Susceptibility prot

APOE �4�
(n � 52)

APOE �4�
(n � 49)

otal IES scores
Mean (SD) 4.4 (8.8)* 8.1 (8.7)*
Range 0–41 0–32
No. of persons scoring above

clinical significance (%)
3 (5.8%) 2 (4.1%)

ntrusion subscale IES scores
Mean (SD) 2.0 (4.9)† 3.0 (3.5)
Range 0–25 0–13
No. of persons scoring above

clinical significance (%)
3 (5.8%) 0 (0.0%)

voidance subscale IES scores
Mean (SD) 2.4 (4.7)‡ 5.2 (5.9)‡
Range 0–24 0–22
No. of persons scoring above

clinical significance (%)
2 (3.9%) 6 (12.2%)

* Significant difference, P � .035.
† Significant difference, P � .045.
‡ Significant difference, P � .009.

able 3
inear regression analysis predicting log-transformed IES scale scores*

ariable Total IES

b 95% CI P

enetic test (deterministic vs susceptibility) 0.31 �0.33 to 0.95 .
esult (positive vs negative) 0.57 0.14 to 1.00 .
ender (male vs female) �0.39 �0.85 to 0.05 .
ge (y) 0.004 �0.01 to 0.02 .
ime from disclosure (mo) 0.01 �0.04 to 0.07 .
* Estimates are made with susceptibility testing, negative result, and female ge
ponse to genetic testing (Table 2). In the susceptibility
rotocol, 5.8% of those testing �4� scored in the range of
otential clinical significance, whereas 4.1% of those testing
4� scored in that range. In the deterministic protocol,
.7% of participants who tested negative scored in the
linically significant range, whereas 11.1% (one individual
ut of nine) of those testing positive scored in that range.

. Discussion

Our primary finding is that there was no significant
ifference in distress as measured with the IES instrument
etween those who underwent susceptibility testing and
hose who underwent deterministic testing. We also found
hat both susceptibility and deterministic genetic testing
ppeared to be well-tolerated by using disclosure protocols
hat provided screening, education, counseling, and follow-
p. Of interest, individuals who tested positive for the
POE �4 allele in the susceptibility protocol experienced
ore test-specific distress over the first year after disclosure

Deterministic protocol

ll (n � 101) Negative
(n � 13)

Positive
(n � 9)

All (n � 22)

2 (8.9) 8.2 (11.4) 9.1 (14.8) 8.6 (12.6)
41 0–40 0–45 0–45
5 (5.0%) 1 (7.7%) 1 (11.1%) 2 (9.1%)

5 (4.3) 5.8 (8.9)† 5.1 (10.6) 5.5 (9.4)
25 0–30 0–33 0–33
3 (3.0%) 2 (15.4%) 1 (11.1%) 3 (13.6%)

7 (5.5) 2.5 (3.3) 4.0 (5.8) 3.1 (4.4)
24 0–10 0–13 0–13
8 (7.9%) 0 (0.0%) 1 (11.1%) 1 (4.6%)

Intrusion IES Avoidance IES

b 95% CI P value b 95% CI P value

0.41 �0.04 to 0.92 .10 �0.003 �0.56 to 0.56 .99
0.32 �0.02 to 0.65 .06 0.54 0.16 to 0.91 .005

�0.31 �0.67 to 0.04 .08 �0.29 �0.70 to 0.11 .16
0.01 �0.01 to 0.02 .42 �0.001 �0.01 to 0.02 .90
0.02 �0.02 to 0.06 .31 �0.01 �0.06 to 0.04 .62
ocol

A

6.
0–

2.
0–

3.
0–
value

34
01
07
69
67
nder as reference variables.
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han those who tested negative, whereas individuals who
ested negative for autosomal dominant dementia in the
eterministic protocol experienced approximately the same
egree of distress as those who tested positive.

Despite the lack of significant difference in mean IES
cores between positive and negative groups in the deter-
inistic protocol, our linear regression model showed that

est result was the only significant variable in predicting the
otal and avoidance IES score outcome measure when con-
rolling for other variables. Indeed, the linear regression
odel showed that the type of genetic testing did not play a

ignificant predictive role in IES outcome, and age, gender,
r time from disclosure also did not. This suggests that the
ype of genetic testing might not greatly influence post-
isclosure distress, despite the very different genetic impli-
ations of susceptibility versus deterministic testing.

Our results showed a statistically significant difference in
ES scores between those who tested positive for APOE �4
nd those who tested negative for the genotype. However, it
emains unclear whether this difference in distress as re-
ected by quantitative IES score is indicative of clinically
erceivable differences in qualitative distress. Although sta-
istically significant, the numeric disparity between total
ES score means of the APOE �4� and �4� groups was
nly 3.7 points on a scale that ranges from 0 to 75. Fur-
hermore, both groups showed mean IES scores in the low
ange of the scale. It is therefore difficult to interpret how
he differences between the APOE groups detected by this
tudy might be manifested clinically.

We were surprised to observe that those receiving neg-
tive test results with deterministic testing had average IES
otal scores that were nearly as high as those testing posi-
ive. These results might be considered in light of the fact
hat subjects presenting for deterministic testing are more
ikely to have witnessed siblings and multiple family mem-
ers affected by the disease, potentially resulting in “survi-
or guilt” even if they are spared a positive result on
redictive testing [26].

Most participants in both protocols appeared to tolerate
enetic testing well, with only a small minority of individ-
als having IES scores above a cutoff that could be consid-
red clinically significant and none of the participants in
ither study reporting severe adverse events such as suicide
ttempts. These observations are consistent with studies on
he impact of disclosure in Huntington’s disease (HD),
reast cancer, and colon cancer [20,26–39], along with
ore limited studies of other autosomal dominant diseases

22,40], which have reported an overall ability of subjects to
ope successfully with genetic test results when provided in
he context of a formal genetic counseling and education
rotocol. HD studies are particularly relevant because this is
neurodegenerative disease for which there is worldwide

xperience. Although initial surveys of anticipated re-
ponses and anecdotal reports on the impact of HD testing

uggested the possibility of severe psychological risks s
41–47], systematic studies are more reassuring. With re-
pect to suicide after HD testing, a worldwide survey of
atastrophic events among those who received testing for
D did not suggest that suicide was more common than the
eneral population among persons receiving positive test
esults who were truly presymptomatic [48]. With respect to
he emotional toll of testing, there is extensive evidence and
emarkable consensus that with appropriate screening, edu-
ation, and counseling, individuals testing positive for HD
ight experience modestly increased anger, despair, or dis-

ress during the first weeks or months after disclosure.
owever, in the longer-term, they are not emotionally more
istressed than they were before being tested. There is also
vidence that those who receive a negative test experience
ubstantial emotional relief [26–28,30,33,34,49].

Because genetic testing is not widely available, partici-
ants in genetic testing studies represent persons who have
ctively sought out these services within research protocols.
esearch reports have suggested that those responding and
illing to participate in genetic testing studies are likely to
e individuals who are well-prepared to receive results,
ave often known for years of their high-risk status, and
herefore tend to cope well in the immediate aftermath of
eceiving genotype disclosure [50,51]. This might account,
n part, for the fact that no differences in distress were
bserved between deterministic and susceptibility proto-
ols. Because of the selection bias inherent to genetic testing
esearch, the findings of this and other genetic testing stud-
es might not be generalizable to the population at large.
owever, one study has compared the impact of genetic

esting for hemochromatosis in high-risk groups with the
mpact of population-based genetic testing for the same
isorder and found similar levels of distress in both groups
52]. Although the disclosure for the hemochromatosis gene
olds different health implications than might be expected
n genetic testing for AD, this study might suggest that
opulation-based genetic testing could be as well-tolerated
s that in more prepared high-risk groups.

Our study was limited by small sample sizes, particularly
n the deterministic protocol, which might not have revealed
ifferences in psychological impact between protocols as a
esult of low statistical power. Therefore, the results of this
ilot study should be considered preliminary. Although
mall, however, the data in the deterministic protocol rep-
esent the largest study of its kind and the best information
n genetic testing for dominantly inherited AD and fronto-
emporal dementia currently available.

The differences in the protocol design between the two
tudies compared in this research are also limiting factors.
n particular, the inclusion of a support person at the genetic
ounseling sessions in the deterministic protocol was not a
eature of the susceptibility protocol design. This might
ave resulted in more emotional and social support in the
eterministic group, which could have influenced IES

cores during the post-test period. Also of note, the response
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ate to IES questionnaires was higher in the susceptibility
roup than in the deterministic group. One person testing
ositive in the deterministic group specifically requested not
o be contacted in follow-up. These differences in response
ates might impose some bias on the results of our study,
ecause those who are more distressed might be less likely
o return IES questionnaires. Although our small sample
ize necessitated considering the results of genetic testing
or the TAU gene, which is related to frontotemporal de-
entia, as having similar psychological impact to disclosure

f a deterministic genotype for AD, in reality these two
ementias are not identical. As such, the impact of disclo-
ure of the TAU genotype might in actuality have a different
sychological impact that was not detected in our study and
ight therefore have skewed the IES scores in the deter-
inistic group.
The study population demographics might also introduce

limitation to our conclusions, because there was an over-
epresentation of white, highly educated participants. These
ndividuals are likely to be better equipped to understand the
mplications of complex genetic information than would
ess educated members of the general population. In addi-
ion, there are other potentially significant factors influenc-
ng the individual response to genetic testing that were not
ccounted for in our analyses, such as baseline psycholog-
cal functioning and social support [26,53]. Another limita-
ion lies in the fact that we did not examine a broad range of
sychological outcomes in this study, relying instead exclu-
ively on the IES, which was the only validated measure
ommon to both protocols. Finally, although the limited
vailability of data in the deterministic protocol necessitated
omparison of IES outcomes at disparate post-disclosure
ime points, controlling for this variable in a linear regres-
ion model showed no significant impact of time from
isclosure in prediction of IES scores.

Further research is needed on the long-term psycholog-
cal impact of both susceptibility and deterministic testing
or AD. Future studies should aim to analyze the conse-
uences of genetic testing for potentially distressing diag-
oses in larger clinical samples and should attempt to elu-
idate the individual baseline psychological or demographic
haracteristics that might predict a poor response to geno-
ype disclosure in candidates for genetic testing. Additional
nowledge is also needed on the long-term impact of ge-
etic testing for AD to ascertain how distress might change
s those who have received genotype disclosure progress
loser toward the age of onset.

Clinical genetic testing paradigms to date have evolved
rom experiences with rare deterministic mutations such as
D. Yet, the future of genetic testing in clinical medicine is
ore likely to involve susceptibility testing in complex

enetic disorders. Research on genetic testing in AD, where
oth types of genetic testing are available, might provide
ome insight into the changing parameters of genetic risk

ssessment in the future.
cknowledgements

This research was supported by NIH grants RO1-HG/
G-02213 (The REVEAL Study), K24-AG027841, RO1-
G09029 (The MIRAGE Study), P30-AG13846 (Boston
niversity Alzheimer’s Disease Core Center), P50-
G05136-22 (University of Washington Alzheimer’s Dis-

ase Center), and VA research funds.

eferences

[1] Farrer LA, Cupples LA, Haines JL, Hyman B, Kukull WA, Mayeux
R, et al. Effects of age, sex and ethnicity on the association between
apolipoprotein E genotype and Alzheimer’s disease: a meta-analysis.
JAMA 1997 278:1349–56.

[2] Rogaeva E. The solved and unsolved mysteries of the genetics of
early-onset Alzheimer’s disease. Neuromolecular Medicine 2002;2:
1–10.

[3] Roberts JS, Connell CM. Illness representations among first-degree
relatives of people with Alzheimer disease. Alzheimer Dis Assoc
Disord 2000;14:129–36.

[4] Neumann PJ, Hammitt JK, Mueller C, Fillit HM, Hill J, Tetteh NA,
et al. Public attitudes about genetic testing for Alzheimer’s disease.
Health Affairs 2001;20:252–64.

[5] Hipps YG, Roberts JS, Farrer LA, Green RC. Differences between
African Americans and whites in their attitudes toward genetic testing
for Alzheimer’s disease. Genet Test 2003;7:39–44.

[6] Green RC. Genetic susceptibility testing for Alzheimer’s disease: has
the moment arrived? Alzheimer’s Care Quarterly 2002;3:208–14.

[7] Steinbart EJ, Smith CO, Poorkaj P, Bird TD. Impact of DNA testing
for early-onset familial Alzheimer disease and frontotemporal demen-
tia. Arch Neurol 2001;58:1828–31.

[8] Roberts JS, LaRusse SA, Katzen H, Whitehouse PJ, Barber M, Post
SG, et al. Reasons for seeking genetic susceptibility testing among
first-degree relatives of people with Alzheimer’s Disease. Alzheimer
Dis Assoc Disord 2003;17:86–93.

[9] Roberts JS, Cupples LA, Relkin NR, Whitehouse PJ, Green RC;
REVEAL (Risk Evaluation and Education for Alzheimer’s Disease)
Study Group. Genetic risk assessment for adult children of people
with Alzheimer’s disease: the Risk Evaluation and Education for
Alzheimer’s Disease (REVEAL) Study. J Geriatr Psychiatr Neurol
2005;18:250–5.

10] Zick CD, Mathews CJ, Roberts JS, Cook-Deegan R, Pokorski RJ,
Green RC. Genetic susceptibility testing for Alzheimer’s disease and
its impact on insurance behavior. Health Affairs 2005;24:483–90.

11] Farrer LA, Brin MF, Elsas L, Goate A, Kennedy J, Mayeux R, et al.
Statement on use of Apolipoprotein E testing for Alzheimer’s disease.
JAMA 1995;274:1627–9.

12] Lovestone S. The genetics of Alzheimer’s disease: new opportunities
and new challenges. Int J Geriatr Psychiatry 1995;10:1–7.

13] Relkin NR, Tanzi R, Breitner J, Farrer L, Gandy S, Haines J, et al.
NIA/Alzheimer’s Association Working Group. Apolipoprotein E
genotyping in Alzheimer’s disease. Lancet 1996;347:1091–5.

14] Post SG, Whitehouse PJ, Binstock RH, Bird TD, Eckert SK, Farrer
LA, et al. The clinical introduction of genetic testing for Alzheimer’s
disease: an ethical perspective. JAMA 1997;277:832–6.

15] McConnell LM, Koenig BA, Greely HT, Raffin TA. Genetic testing
and Alzheimer disease: has the time come? Nat Med 1998;5:757–9.

16] Lennox A, Karlinsky H, Meschino W, Buchanan KA, Percy ME,
Berg JM. Molecular genetic predictive testing for Alzheimer’s dis-
ease: deliberations and preliminary recommendations. Alzheimer Dis

Assoc Disord 1994;8:126–47.



[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

413M.R. Cassidy et al. / Alzheimer’s & Dementia 4 (2008) 406–413
17] Cupples LA, Farrer LA, Sadovnick D, Relkin N, Whitehorse P, Green
RC. Estimating risk curves for first-degree relatives of patients with
Alzheimer’s disease: the REVEAL Study. Genet Med 2004;6:192–6.

18] Horowitz M, Wilner N, Alvarez MA. Impact of event scale: a mea-
sure of subjective distress. Psychosom Med 1979;41:209–18.

19] Tibbens A, Stevens M, de Wert GMWR, Niermeijer MF, van Duijn
CM, van Swieten JC. Preparing for presymptomatic DNA testing for
early onset Alzheimer’s disease/cerebral haemorrhage and hereditary
Pick disease. J Med Genet 1997;34:63–72.

20] Croyle RT, Smith KR, Botkin JR, Baty B, Nash J. Psychological
responses to BRCA1 metation testing: preliminary findings. Health
Psychol 1997;16:63–72.

21] Read CY. Using the Impact of Event Scale to evaluate the psycho-
logical response to being a phenylketonuria gene carrier. J Genet
Couns 2004;13:207–19.

22] Smith CO, Lipe HP, Bird TD. Impact of presymptomatic genetic
testing for hereditary ataxia and neuromuscular disorders. Arch Neu-
rol 2004;61:875–80.

23] Sundin EC, Horowitz MJ. Impact of Event Scale: psychometric
properties. Br J Psychiatry 2002;180:205–9.

24] Sobel SK, Cowan DB. Impact of genetic testing for Huntington
disease on the family system. Am J Med Genet 2000;90:49–59.

25] Hendriks KSWH, Grosfeld FJM, van Tintelen JP. Can parents adjust
to the idea that their child is at risk for a sudden death? psychological
impact of risk for long QT syndrome. Am J Med Genet 2005;138A:
107–12.

26] DudokdeWit AC, Tibben A, Duivenvoorden HJ, Niermeijer MF,
Passchier J. Predicting adaptation to presymptomatic DNA testing for
late onset disorders: who will experience distress? J Med Genet
1998;35:745–54.

27] Brandt J, Quaid KA, Folstein SE, Garber P, Maestri NE, Abbott MH,
et al. Presymptomatic diagnosis of delayed-onset disease with linked
DNA markers: the experience in Huntington’s disease. JAMA 1989;
261:3108–14.

28] Wiggins S, Whyte P, Huggins M, Adam S, Theilmann J, Bloch M,
et al. The psychological consequences of predictive testing for
Huntington’s disease. N Engl J Med 1992;327:1401–5.

29] Watson M, Lloyd SM, Eeles R. Psychosocial impact of testing (by
linkage) for the BRCA1 breast cancer gene. Psychooncology 1996;
5:233–9.

30] Decruyenaere M, Evers-Kiebooms G, Boogaerts A, Cassiman JJ,
Cloostermans T, Demyttenaere K, et al. Prediction of psychological
functioning one year after the predictive test for Huntington’s disease
and impact of the test result on reproductive decision making. J Med
Genet 1996;33:737–43.

31] Lerman C, Narod S, Schulman K, Hughes C, Gomez-Caminero A,
Bonney G, et al. BRCA1 testing in families with hereditary breast-
ovarian cancer: a prospective study of patient decision making and
outcomes. JAMA 1996;275:1885–92.

32] Codori AM, Slavney PR, Young C, Miglioretti DL, Brandt J. Pre-
dictors of psychological adjustment to genetic testing for Hunting-
ton’s disease. Health Psychol 1997;16:36–50.

33] Tibben A, Timman R, Bannink EC, Duivenvoorden HJ. Three-year
follow-up after presymptomatic testing for Huntington’s disease in
tested individuals and partners. Health Psychol 1997;16:20–35.

34] DudokdeWit AC, Duivenvoorden HJ, Passchier J, Niermeijer MF,
Tibben A. Course of distress experienced by persons at risk for an
autosomal dominant inherited disorder participating in a predictive
testing program: an explorative study—Rotterdam/Leiden Genetics

Workgroup. Psychosom Med 1998;60:543–9.
35] Aktan-Collan K, Haukkala A, Mecklin JP, Uutela A, Kääriäinen H.
Psychological consequences of predictive genetic testing for heredi-
tary non-polyposis colorectal cancer (HNPCC): a prospective fol-
low-up study. Int J Cancer 2001;93:608–11.

36] Michie S, Bobrow M, Marteau T. Predictive genetic testing in chil-
dren and adults: a study of emotional impact. J Med Genet 2001;38:
519–26.

37] Schwartz MD, Peshkin BN, Hughes C, Main D, Isaacs C, Lerman C.
Impact of BRCA1/BRCA2 mutation testing on psychologic distress
in a clinic-based sample. J Clin Oncol 2002;20:514–20.

38] van Oostrom I, Meijers-Heijboer H, Lodder LN, Duivenvoorden HJ,
van Gool AR, Seynaeve C, et al. Long-term psychological impact of
carrying a BRCA1/2 mutation and prophylactic surgery: a 5-year
follow-up study. J Clin Oncol 2003;21:3867–74.

39] Meiser B, Collins V, Warren R, Gaff C, St John DJ, Young MA,
et al. Psychological impact of genetic testing for hereditary non-
polyposis rectal cancer. Clin Genet 2004;66:502–11.

40] Charron P, Héron D, Gargiulo M, Richard P, Dubourg O, Desnos M,
et al. Genetic testing and genetic counselling in hypertrophic cardio-
myopathy: the French experience. J Med Genet 2002;39:741–6.

41] Markel DS, Young AB, Penney JB. At risk persons’ attitudes toward
presymptomatic and prenatal testing of Huntington’s disease in Mich-
igan. Am J Med Genet 1987;26:295–305.

42] Kessler S, Field T, Worth L, Mosbarger H. Attitudes of persons at
risk for Huntington’s disease toward predictive testing. Am J Med
Genet 1987;26:259–70.

43] Meissen GJ, Mastromauro CA, Kiely DK, McNamara DS, Myers RH.
Understanding the decision to take the predictive test for Huntington
disease. Am J Med Genet 1991;39:404–10.

44] Bloch M, Adam S, Wiggins S, Huggins M, Hayden MR. Predictive
testing for Huntington’s disease in Canada: the experience of those
receiving an increased risk. Am J Med Genet 1992;42:499–507.

45] Lynch HT, Watson P, Conway TA, Lynch JF, Slominski-Caster SM,
Narod SA, et al. DNA screening for breast/ovarian cancer suscepti-
bility based on linked markers: a family study. Arch Intern Med
1993;153:1979–87.

46] Biesecker BB, Boehnke M, Calzone K, Markel DS, Garber JE,
Collins FS, et al. Genetic counseling for families with inherited
susceptibility for breast and ovarian cancer. JAMA 1993;269:
1970–4.

47] Lerman C, Croyle RT. Psychological issues in genetic testing for
breast cancer susceptibility. Arch Intern Med 1994;154:609–16.

48] Almqvist EW, Bloch M, Brinkman R, Craufurd D, Hayden MR. A
worldwide assessment of the frequency of suicide, suicide attempts,
or psychiatric hospitalization after predictive testing for Huntington
disease. Am J Hum Genet 1999;64:1293–304.

49] Huggins M, Bloch M, Wiggins S, Adam S, Suchowersky O, Trew M,
et al. Predictive testing for Huntington’s disease in Canada: adverse
effects and unexpected results in those receiving a decreased risk.
Am J Med Genet 1992;42:508–15.

50] Marteau TM, Croyle RT. The new genetics: psychological responses
to genetic testing. Br Med J 1998;316:693–6.

51] Newman JE, Sorenson JR, DeVellis BM, Cheuvront B. Gender dif-
ferences in psychosocial reactions to cystic fibrosis carrier testing.
Am J Med Genet 2002;113:151–7.

52] Power TE, Adams PC. Psychosocial impact of C282Y mutation
testing for hemochromatosis. Genet Test 2001;5:107–10.

53] Meiser B. Psychological impact of genetic testing for cancer
susceptibility: an update of the literature. Psychooncology 2005;

14:1060 –74.


	Comparing test-specific distress of susceptibility versus deterministicgenetic testing for Alzheimer’s disease
	1. Introduction
	2. Materials and methods
	2.1. Susceptibility testing protocol
	2.2. Deterministic testing protocol
	2.3. IES
	2.4. Statistical analyses

	3. Results
	4. Discussion
	Acknowledgements
	References


