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ABSTRACT

Few longitudinal studies have been carried out to investigate the cognitive decline in early onset of familial
Alzheimer’s disease (FAD). In this study 12 patients with FAD (M age = 49.61 years, SD = 4.99), 10
patients with sporadic Alzheimer’s disease (SAD) (M age = 71.40, SD =10.00), and 15 matched normal
controls (M age = 45.01, SD = 7.24) were selected. A comprehensive neuropsychological battery was
administered three times over a period of 18 months. Individuals designated as FAD met the criteria for
dementia and were positive for the E280A presenilin 1 mutation. Participants with SAD met the criteria for
dementia and were negative for the E280A presenilin 1 mutation. Normal control participants were the
FAD patients’ relatives, who were negative for the mutation. Two groups of neuropsychological instru-
ments were administered: (1) The Consortium to Establish a Registry for Alzheimer’s Disease (CERAD)
neuropsychological test battery, and (2) additional neuropsychological tests of abstraction and
constructional abilities. Patients with FAD were significantly impaired on all measures at the first examina-
tion except for reading of words. While the performance of the normal controls remained unchanged over
the 18 months for most neuropsychological tests, the patients with FAD displayed a decline in verbal
memory, language, constructional and abstraction tests. The greatest decline was observed on the Mini-
Mental State Exam scores. Patients with SAD demonstrated a similar pattern of cognitive decline, but the
decline was faster in FAD than in SAD participants.

Patients with Alzheimer’s disease (AD) undergo
a progressive cognitive decline (Cummings &
Benson, 1992). This decline can have an early or
a late onset (before or after the age of 65) (Li et
al., 1995). The AD with an early onset frequent-
ly, but not always, exhibits a familial pattern.
Several groups of patients with familial AD
(FAD) have been documented (Alzheimer’s Dis-
ease Collaborative Group, 1995; Cook, Bard, &
Austin, 1979; Goate et al., 1991; Haltia et al.,
1994; Levy-Lahad et al., 1995; Lopera et al.,

1997; Nee et al., 1983; Sadovnick, Tuokko, Hor-
ton, Baird, & Beattie, 1988; Sherrington et al.,
1995; St. George-Hyslop et al., 1987). Individu-
als with a family history of autosomal dominant
AD and one parent affected carry a 50% chance
of developing the disease, and the age of onset
within the family has been reported as relatively
constant (Fox, Warrington, Seiffer, Agnew, &
Rossor, 1998).

Memory deficits are usually found as the ear-
liest dementia symptoms (Cummings & Benson,
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1992). A more rapid decline and early symptoms
of aphasia and apraxia have been more com-
monly described in FAD than in sporadic AD
(SAD) without a family pattern (Chang-Chui,
Lee-Teng, Henderson, & Moy, 1985; Feldman,
Chandler, Lewy, & Glaser, 1963; Frommelt,
Schnabel, Kuhne, & Nee, 1991; Karlinsky et al.,
1992; Lampe et al., 1994; Martin et al., 1991).
Kennedy et al. (1995) reported a neuropsycho-
logical profile characterized by an initial mem-
ory deficit with early dyscalculia and an impair-
ment in speech production with very mild ano-
mia. Lehtovirta et al. (1996), however, failed to
confirm the earlier reports of severe aphasia,
agnosia and apraxia in FAD.

There are studies that have described the clin-
ical features of FAD (Alzheimer’s Disease Col-
laborative Group, 1995; Cook, Bard & Austin,
1979; Haltia et al., 1994; Nee et al., 1983; St.
George-Hyslop et al., 1987; Sadovnick et al.,
1988), but few of them have analyzed the longi-
tudinal cognitive changes. In general, it has been
observed that memory deficits precede more
widespread deterioration in individuals at risk
for FAD (Ardila et al., in press; Fox, Warring-
ton, Seiffer, Agnew, & Rossor, 1998). Some
longitudinal studies of cognitive decline in SAD
have been reported. Tierney et al., (1996) con-
ducted alongitudinal study of memory-impaired
non-demented patients at risk for developing
probable AD. In a two year follow-up, they
found that the delay forms of two verbal tests
were the best predictors of AD. Botwinick, Sto-
randt, & Berg (1988) studied a group of 18 pa-
tients with mild AD and 30 normal matched
controls using four testing sessions over a four
year period. The patients with AD exhibited the
greatest decline in tests of logical verbal mem-
ory, symbol coding and rapid sequencing com-
pared to other neuropsychological tests. Butters,
Lopez, and Becker (1996) carried out three cog-
nitive evaluations of patients with AD over a 2-
year period and suggested the possibility of
identifying subgroups of cognitive decline in
AD. Accordingly, they define four groups based
on the type of cognitive decline. Three of the
groups presented different degrees of executive
function deficits in association with the memory
loss. The fourth group, however, showed decline

in semantic and episodic memory, albeit at a
slower rate. Rebok, Brandt, and Folstein (1990)
administered a neuropsychological battery at 6-
month intervals over a 2-year period to 51 pa-
tients with AD and 22 matched controls. The
greatest decline in patients with AD was on tests
requiring lexical/semantic processing and com-
prehension of semantic relationships. Perfor-
mance on visuospatial tests declined less rap-
idly. The authors emphasize the language im-
pairment as central to AD.

Recently, a large familial nucleus of FAD
with an E280A presenilin-1 mutation was found
in Colombia (South America). An initial clini-
cal, epidemiological, genetic and pathological
description of this group has been presented
elsewhere (Alzheimer’s Disease Collaborative
Group, 1995; Lopera et al., 1994, 1997). It was
observed that the most frequent dementia pre-
sentation was memory impairments and progres-
sive loss of language ability. Memory com-
plaints represented the earliest symptom of this
FAD group. In addition to the memory difficul-
ties, during the earliest dementia stages other
minor cognitive impairments were also noted,
including, anomia, concentration difficulties and
defects in the understanding of complex verbal
material (Ardila et al., in press).

The present report describes a three-step fol-
low-up of patients with FAD and a matched con-
trol sample over a period of 18 months. Changes
in their neuropsychological test scores over
three consecutive testing sessions are analyzed.
The major aim of the study was to describe the
pattern of decline in different cognitive domains
in cases of FAD associated with an E280A
presenilin-1 mutation. In a subsequent analysis,
the cognitive profile and the cognitive decline
pattern in patients with FAD and SAD were
compared.

METHOD

Participants

Twenty-two patients with FAD and 26 normal con-
trols, matched by age and education, enrolled in
the FAD Research Program at the Department of
Neurology, Antioquia University (Medellin, Co-
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lombia, South America) agreed to participate in
this study during their first visit. From this sample,
only 12 participants with FAD (age range: 39 to 55
years; educational range: 0 to 11 years) and 15
controls (age range: 40 to 59 years; education
range: 0 to 12 years) completed three consecutive
neuropsychological evaluations, and their data are
analyzed and presented here. All participants with
FAD met the criteria for dementia using the DSM-
IV (American Psychiatric Association, 1994). The
diagnosis of dementia was made by an examining
neurologist using information from an initial inter-
view with a family member, a standard neurologi-
cal history, the Mini Mental State Exam (MMSE)
and the results from the Functional Assessment
Staging Test (FAST). All participants had scores
below 23/30 and above 14/30 for the MMSE (5
had a MMSE > 19 and < 23; and 7 had a MMSE >
14 and < 19). A score of twenty three points has
been shown to be an appropriate MMSE cut off
score for dementia, among subjects with low level
of education (Ardila, Rosselli, & Puente, 1994).
The average MMSE (Folstein, Folstein, &
McHugh, 1975) score in this group was 18.33 with
a standard deviation of 3.84. None of the patients
had scores higher than 7 on the Hachinscki Isch-
emic Scale or evidence of psychiatric disorders.
Laboratory tests and either a CT or MRI were used
to rule out other causes of cognitive impairment.
The average length of time since the first com-
plaints of cognitive decline was 3.92 years. All
patients were positive for the presence of a muta-
tion in the presenilin-1 gene (E280A, substitution
of glutamic acid for alanine) (Alzheimer’s Disease
Collaborative Group, 1995; Lendon et al., 1997).

Table 1. Characteristics and MMSE scores of the sample.

In order to compare the profile and the cogni-
tive decline of patients with FAD and SAD, 10
patients with SAD were further selected. Patients
with SAD were matched with participants with
FAD according to educational level (F =3.01; p <
0.10) and MMSE score (F = 3.61; p < 0.072). Pa-
tients with SAD, however, were significantly older
than patients with FAD (F = 61.45; p < 0.001).
Dementia selection criteria were similar to those
used for patients with FAD.

The control sample included family members of
the patients with FAD. All of the controls had a
normal neurological exam and were free of psychi-
atric or neurological antecedents. They were func-
tionally normal, with no complaints of memory
impairment. Their average MMSE score was
28.81. All of the subjects in this control group
were found to be negative for the presence of an
E280A mutation in the PS1 gene. A summary of
the demographic and clinical description of the
three groups is presented in Table 1. The FAD and
control groups did not differ significantly in age (F
= 3.49; p = 0.074) or education (F = 2.51; p =
0.124). There were more females than males in
both groups.

The level of function of each participant was
assessed using the FAST (Reisberg, 1988; Sclan &
Reisberg, 1992) This measure assesses level of
function within a range from 1 (no objective or
subjective cognitive complains) to 16 (severe cog-
nitive and behavioral problems). All controls had
scores below 2 and patient’s scores were equal to
or above 2 but below 6.

Normal controls FAD patients SAD patients
(n=15) (n=12) (n=10)

M (8D) M (SD) M (SD)
Age 1st visit 45.01 (7.24) 49.61 (4.99) 71.40 (10.00)
Age onset — 4491 (4.92) 66.50 (9.59)
Length of time since onset — 3.92 2.97) 4.90 (2.55)
Education (yrs) 4.73 (3.74) 2.66 (2.93) 5.00 (3.20)
Interval between visit 1 & 2 8.33 (2.12) 8.94 (2.73) 9.30 (2.54)
Interval between visit 2 & 3 10.63 (2.67) 10.21 (3.14) 9.92 2.37)
MMSE 28.81 (0.98) 18.33 (3.84) 20.30 (2.40)
FAST 1.00 (0.00) 3.33 (1.11) 4.40 (2.06)

Note. MMSE = Mini-Mental Status Exam; FAD = Familial Alzheimer’s Disease; SAD = Sporadic Alzheimer’s
Disease; FAST = Functional Assessment Staging Test. There were 12 females and 3 males in the control group,
7 females and 5 males in the FAD group, and 8 females and 2 males in the SAD group.
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Instruments

All participants were individually administered the
neuropsychological test battery of the Consortium
to Establish a Registry for Alzheimer’s Disease
(CERAD) (Morris et al., 1989) as well as addi-
tional neuropsychological instruments to further
assess constructional abilities and abstraction. This
group of tests was translated into Spanish and
adapted to the cultural and linguistic idiosyncrasies
of the target population. The neuropsychological
tests used have been described elsewhere (Lopera
et al., 1997). Only data from those tests that were
given on each of the three consecutive assessments
were analyzed in this paper. The following are the
cognitive areas and the neuropsychological tests
analyzed in the present report:

(1) General cognitive function: (a) MMSE (Fol-
stein, Folstein & McHugh, 1975). Maximum score
is 30; (b) Raven Test (Raven, 1982). Only Part A
was included. Maximum score = 12

(2) Oral Language: (a)Verbal fluency (CE-
RAD); (b) Naming (CERAD), maximum total test
score is 15

(3) Written Language: Mechanics of reading
(CERAD), maximum score 10

(4) Memory: Verbal memory: Word Memory
(CERAD), the maximum score for first trial and
delayed recall is 10; the maximum score for three
trials is 30. Non verbal memory: (a) Immediate
Design (circle, diamond, rectangles, and cube) Re-
call (CERAD), maximum score = 11; (b) The im-
mediate recall of the Rey-Osterrieth Complex Fig-
ure (ROCF) (Osterrieth, 1944; Lezak, 1995). Max-
imum score = 36.

(5) Visuo-constructional : (a) the Rey-Oster-
rieth Complex Figure (Osterrieth, 1944; Lezak,
1995), maximum score = 36. (b) Constructional
praxis total (CERAD): Copying of simple designs
(circle, diamond, rectangles, and cube). Maximum
score = 11.

The Rey-Osterrieth Complex Figure and the
verbal fluency tests have been previously normal-
ized in a Colombian population using different age
and educational groups (Ardila & Rosselli, 1989,
1994; Ardila, Rosselli, & Puente, 1994; Rosselli,
& Ardila, 1991; Rosselli, Ardila, & Rosas, 1989).

Procedure

Each participant signed the informed consent form
and received a clinical assessment during the first
visit to the Dementia Research Program at the De-
partment of Neurology of the Antioquia University
(Medellin, Colombia). The clinical assessment

consisted of a clinical interview, and a neurologi-
cal examination. The MMSE and the FAST were
administered. In addition, a close family member
was interviewed for the AD groups. A standard
interview protocol was used requesting informa-
tion about cognitive deficits (memory, attention,
language, visuo-spatial, abstraction, perceptual
problems) and behavioral problems. Each partici-
pant was then scheduled for neuropsychological
assessment. As mentioned in the Method section,
laboratory tests and either CT’s or MRI’s were
used to rule out neurological conditions different
from AD. The progression of decline was tested in
3 consecutive visits over a period of 18 months.
Due to the fact that most participants had to travel
long distances to attend the assessment sessions,
the follow-up was not completed precisely every
nine months as designed. The interval between
visit 1 and 2 was an average 8.85 months and the
mean interval in between visit 2 and 3 was 10.25
months (See Table 1). There was no significant
difference in the visit intervals between the groups.

In each follow-up evaluation, the neuropsycho-
logical test battery was re-administered. Testing
was performed by professional psychologists and
by supervised graduate neuropsychology students.
In all cases, the CERAD neuropsychological test
battery was administered in one session and the
administration of the other neuropsychological
tests in a different session.

All participants were administered a blood test
for the presence of a mutation in the Presenilin-1
(E280A, substitution of glutamic acid for alanine)
(Alzheimer’s Disease Collaborative Group, 1995)
during their first visit. All the FAD patients were
positive, while SAD and controls were negative for
this mutation. The neuropsychological examiner
was blind to the blood results but had access to the
test results of the previous visit. Two people other
than the examiner scored each of the neuropsycho-
logical tests.

Statistical Procedure

Differences between groups were analyzed for sig-
nificance using a Group (normals, FAD, SAD) by
Visit (1, 2, 3) two-way repeated measures ANOVA
for each neuropsychological test. A p > 0.05 was
considered non-significant. When the interaction
effect was significant, a post-hoc one-way ANO-
VA was used to compare the groups with regard to
change from Visit 1 to Visit 3. A Visit 3 minus
Visit 1 difference score was obtained for each neu-
ropsychological test.
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RESULTS

Means, standard deviations, F and p values for
the three groups on the CERAD and on all neu-
ropsychological tests at each of the three visits
are presented in Table 2. A significant group
effect was found for all measures, except for
reading of words. Across visits, patients with
FAD were significantly more impaired than pa-
tients with SAD on the MMSE and Raven tests.
A Visit effect was found significant for the
MMSE, Raven test, FAST, Verbal Fluency,
Naming, Memory of Words, and Constructional
Praxis (CERAD). Nonetheless, a significant in-
teraction was observed in the MMSE, Raven
test, Word Memory (Immediate Memory, Total
Correct after 3 trials, and Delayed Recall).
While the controls demonstrated some score
improvement, the FAD and SAD groups showed
a score decline.

Table 3 presents the one-way ANOVA of the
mean difference score between Visit 1 and Visit
3 for those neuropsychological tests in which the
interaction Group x Visit was significant. A sig-
nificant decline in both FAD and SAD test
scores was observed in the Raven Test, Immedi-
ate Word Memory, and Total Words after 3 Tri-
als. In the MMSE and Delayed Word Recall, a
significant negative change from Visit 1 to Visit
3 was only observed in the FAD group.

DISCUSSION

The present longitudinal study analyzed neuro-
psychological decline in patients with FAD. It
was found that the MMSE was the most sensi-
tive indicator of the progression of dementia in
mild to moderate FAD, over an 18-month fol-
low-up. Significant decline was observed in sev-
eral cognitive domains. Abstraction abilities as
measured by the Raven Test, and verbal memory
tested with Memory of Words (both immediate
recall and delayed) showed a significant decline
between visits 1 and 3. In these tests, scores of
patients with FAD significantly decreased be-
tween visits 1 and 3, while the scores of the con-
trols remained the same or showed some im-
provement. The decline at follow-up was also

significant for simple constructional tests. The
written language (Reading Words) test did not
show a significant decline over visits.

Our results are consistent with previous find-
ings that verbal memory is more vulnerable to
decline in the first five years of FAD. Previous
longitudinal studies have shown the predictive
value of verbal memory tasks in at-risk Alzhei-
mer subjects (Fox et al., 1998). Tierney et al.
(1996) followed up 123 memory-impaired non-
demented patients. After two years, 29 of these
patients developed dementia. They found that
those patients who presented significantly lower
scores in the delay recall of the Rey Auditory
Verbal Learning Test and Mental Control were
those who developed dementia. Fox et al. (1998)
conducted a six year longitudinal study of
asymptomatic individuals at risk of early onset
AD. All participants had a family history of au-
tosomal dominant familial AD. The group of
participants who went on to develop AD had
significantly reduced scores on verbal recogni-
tion memory tests before becoming symptom-
atic. Once they met the criteria for probable de-
mentia, verbal and visual memory was impaired
as well as arithmetic abilities. No significant
differences in naming tests were seen between
the affected and the non-affected group in Fox et
al.’s sample. Although many studies have sup-
ported the importance of memory decline as the
initial symptom of FAD (Fox, Warrington,
Seiffer, Agnew, & Rossor, 1998; Tierney et al.,
1996; Lopera et al., 1997; Ardila et al., in press;
Karlinsky et al., 1992), it is also clear from our
results that the decline occurs in other cognitive
domains as well.

Our results also suggest that patients with
SAD and FAD who have similar initial cognitive
profiles show similar patterns of cognitive de-
cline, but decline is faster in patients with FAD
than in individuals with SAD. During the first
visit, no significant differences between groups
were observed in the MMSE. Scores, however,
decreased more severely between visits for the
FAD group than for the SAD patient group. The
lack of statistical differences between the two
patient groups in other neuropyschological tests,
however, has to be interpreted very cautiously
due to the small sample size.
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Karlinsky et al. (1992) stated that during the
early phase of FAD, language and visuospatial
functions appear relatively intact, as does global
performance on cognitive screening. According
to the authors, the earliest clinical manifesta-
tions reflect deficits in memory, cognitive pro-
cessing speed and attention to complex cogni-
tive sets. Later, deficits in concept formation are
seen. These conclusions are based on the analy-
sis of five cases. Our results showed that, on
average, at 5 years post-onset, most of the tests
were affected. In fact, only Reading Words was
not significantly affected.

Constructional abilities as measured by the
copy of simple geometric designs (CERAD) and
the copy of the ROCF were about 2 standard
deviations below the mean of the control group
at the first visit. A significant cognitive decline
was observed only in the copying of simple de-
signs. The possible explanation for the lack of
decline over the ROCEF is that the initial perfor-
mance of the group was extremely low. Accord-
ingly, a floor effect may have affected the sub-
sequent results. The ROCF is a complex task
influenced by level of education (Rosselli &
Ardila, 1991). Our sample had a very low level
of education, and, although we used a control
group, even for this normal healthy group the
mean score was low and no improvement across
visits was seen. The ROCEF, therefore, does not
appear to be the best yardstick for assessing con-
structional decline in FAD subjects who have
low levels of education.

Despite observing no significant decline be-
tween visits on some tests, two different situa-
tions must be distinguished: (1) The situation in
which there was truly no decline, the test perfor-
mance remaining relatively stable, despite the
dementia process. This situation was observed
for the Reading Words test. (2) The situation in
which there were no observable differences be-
tween visits because of a floor effect. Perfor-
mance was so impaired on the first visit that the
test was not sensitive to decline. This situation
was observed in memory (Delayed Word Recall,
Immediate Design Recall, ROCF-Immediate
Recall), and constructional (ROCF-Copy and
Constructional praxis total) tests.

The present study is important because it is
one of the few longitudinal studies with FAD
participants, and because all members of the
sample were tested for the mutation. Studies that
have examined the pattern of decline of AD us-
ing elderly patients have the confounding effect
of other variables such as variability in age de-
cline and the comorbidity of vascular problems
(Fox, et al., 1998). Most of the longitudinal
studies have used individuals at-risk for FAD.
We can be certain that the cognitive changes in
our sample were due to FAD and that the con-
trols were not symptomatic for FAD, because
blood analysis was used to confirm or rule out
the presence of the mutation in Presenilin-1 for
all participants. Some potential limitations, how-
ever, of the present study should be noted. First
of all, the sample size is small. From an initial
sample of 22 FAD patients and 26 matched con-
trols, only 12 individuals with FAD and 15 con-
trols came for the two follow-up evaluations.
Most of the patients came from rural areas
where access to the city was not always possi-
ble. It may also be that those patients who came
for follow up were precisely those who pre-
sented more accelerated declines and for this
reason may represent a different group from
those who did not follow-up. The fact that the
same rate of attrition of the FAD group was ob-
served in the control group, however, argues
against this second possibility. The second limi-
tation of our study is the low level of education
of our sample, which may affect the ability to
generalize from our results to those patients who
have higher levels of education. It has been hy-
pothesized that education may influence the ex-
pression of AD (Katzman, 1993) and the mortal-
ity of patients with AD (Stern, Tang, Denaro, &
Mayeux, 1995). Hill et al. (1993) reported that
more highly educated patients die earlier than
less educated patients. Although the influence of
education in the expression of FAD is unknown,
it may be an influential variable as well as in
AD.

In summary, this study demonstrates that a
mild decline takes place in FAD patients over 18
months of follow-up. The main decline takes
place in verbal memory, constructional, and ab-
straction abilities. Except for the rate of progres-
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sion, no significant differences were observed
between FAD and SAD individuals. More neu-
ropsychological studies on the cognitive decline
of FAD are required to establish the differences
between different types of FAD. Replications of
this study may help us to better understand the
differences between FAD and SAD. Only fur-
ther research will establish the generalizability
of these findings.

REFERENCES

Alzheimer’s Disease Collaborative Group (1995). The
structure of the presenilin 1 (S182) gene and iden-
tification of six novel mutations in early onset AD
families. Nature Genetics, 11,219-222.

American Psychiatric Association (1994). Diagnostic
and statistical manual of mental disorders: Fourth
edition. Washington, D.C.: American Psychiatric
Association.

Ardila, A., Lopera, F., Rosselli, M., Moreno, S., Mad-
rigal, L., Arango-Lasprilla, J.C., Arcos, M.,
Murcia, C., Arango-Viana, J.C., Ossa, J., Goate,
A., & Kosik, K.S. Neuropsychological profile of a
large kindred with familial Alzheimer’s disease
caused by the E280A single presenilin-1 mutation.
Archives of Clinical Neuropsychology (in press).

Ardila, A., & Rosselli, M. (1989). Neuropsychologi-
cal characteristics of normal aging. Developmental
Neuropsychology, 5, 307-320.

Ardila, A., & Rosselli, M.(1994). Development of
language, memory and visuospatial abilities in 5-
to 12-year-old children using a neuropsychological
battery. Developmental Neuropsychology, 10, 97-
120.

Ardila, A., Rosselli, M., & Puente, A. (1994). Neuro-
psychological evaluation of the Spanish speaker.
New York: Plenum Press.

Botwinick, J., Storandt, M., & Berg, L. (1986). A lon-
gitudinal behavioral study of senile dementia of the
Alzheimer type. Archives of Neurology, 43, 1124-
1127.

Butters, M., Lopez, O., & Becker, J.T. (1996). Focal
temporal lobe dysfunction in probable Alzheimer’s
disease predicts a slow rate of cognitive decline.
Neurology, 46, 687-692.

Chang-Chui, H., Lee-Teng, E., Henderson, V.W.,
Moy, A.C. (1985). Clinical subtypes of dementia
of the Alzheimer’s type. Neurology, 35, 1544-
1550.

Cook, R.,H., Bard, B.E., Austin, J.H.(1979). Studies
in aging of the brain: IV. Familial Alzheimer’s dis-
ease relation to transmissible dementia, aneu-
ploidy, and microtubular defects. Neurology, 29,
1402-1412.

Cummings, J.L.. & Benson, D.F. (1992). Dementia: A
clinical approach. London: Butterworths, 2nd edi-
tion.

De Renzi E., & Faglioni, P (1978). Development of a
shortened version of the Token test. Cortex, 14,
42-49,

Fox, N.C., Warrington, E.K., Freeborough, P.A.,
Hartikainen, P., Kennedy, A.M., Stevens, J.M., &
Rossor, M.N.. (1996). Presymptomatic hippocam-
pal atrophy in Alzheimer’s disease: A longitudinal
study. Brain, 119, 2001-2007.

Feldman, R.G., Chandler, K.A., Lewy, L.L., &
Glaser, G.H. (1963). Familial Alzheimer’s disease.
Neurology, 13, 811-824.

Fox, N.C., Warrington, E.K., Seiffer, A.L., Agnew,
S.K., & Rossor, M.N. (1998). Presymptomatic cog-
nitive deficits in individuals at risk of familial Alz-
heimer’s disease: A longitudinal prospective
study.Brain, 121, 1631-1639.

Folstein, M.F., Folstein, S.E. & McHugh, P.R. (1975).
Mini-mental state. ““A practical method for grad-
ing the cognitive state of patients for the clini-
cian”. Journal of Psychiatric Research, 12, 189-
198.

Frommelt, P., Schnabel, R., Kuhne, W. & Nee, L,
(1991). Familial Alzheimer disease: A large, multi
generation German Kindred. Alzheimer’s Disease
Association Disorders, 5, 36-43.

Goate, A., Chartier-Harlin, M., Mullan, M., Brown, J.,
Crawford, F., Fidani, L., Giuffra, L. Haynes, A.,
Irving, N., & James, L., (1991). Segregation of a
missense mutation of the amyloid precursor protein
gene with familial Alzheimer’s disease. Nature,
349, 704-706.

Goodglass, H., & Kaplan, H. (1983) Evaluacion de
las afasias y de transtornos similares. 2nd. Edition.
Buenos Aires: Editorial Mdica Panamericana.

Haltia, M., Vitanen, M., Sulkava, R., Ala-Hurula, V.,
Poyhonen, M., Goldfarb, L., Brown, P., Levy, E.,
Houlden, H., Crook, R., Goate, A., Clarck, R.,
Koreblat, K., Pandit, S., Keller, H.D., Lilius, L.,
Liu, L., Axelman, K., Forsell, L., Winblad, B.,
Pannfelt, L., & Hardy, J. (1994). Chromosome 14-
encoded Alzheimer’s disease: Genetic and clinico-
pathological description. Annals of Neurology, 36,
362-367.

Hill, L.R., Klauber, M.R., Salmon, D.P., Liu, W.T.,
Zhang, M., & Katzman, R. (1990). Functional sta-
tus, education and the diagnosis of dementia in the
Shangai survey. Neurology, 43, 138-145.

Jacobs D, Sano M, Merder K., Bell, K., Bylsma, F.,
Lafleche, G., Albert, M., Brandt, J. & Stern, Y.
(1994). Age at onset of Alzheimer’s disease: rela-
tion to pattern of cognitive dysfunction and rate of
decline. Neurology, 44, 1215-1220.

Karlinsky, H,, Vaula, G., Haines, J.L., Ridgley, J.,
Bergerson, C., Mortilla, M., Tupler, R.G., Percy,
M.E., Robitaille, Y., Noldy, N.E., Yip, T.C.K,,
Ranzi, R.E., Gusella, J.F., Becker, R., Berg, J.M.,



494 MONICA ROSSELLI ET AL.

D.R.C., McLachlan, & St. George-Hyslop. (1992).
Molecular and prospective phenotypic character-
ization of a pedigree with familial Alzheimer’s
disease and a missense mutation in codon 717 of
the B-amyloid precursor protein gene. Neurology,
42, 1445-1453.

Katzman, R. (1993). Education and the prevalence of
dementia and Alzheimer Disease. Neurology, 43,
13-20.

Kennedy, A.M., Newman, S.K., Frackowiak, V.J,
Cunningham, V.J., Roques, P., Stevens, J., Neary,
D., Bruton, C.J., Warrington, E.K., & Rossor,
M.N. (1995). Chromosome 14 linked familial Alz-
heimer’s disease. A clinico-pathological study of a
single pedigree. Brain, 118, 185-206.

Knopman, D.S. & Ryberg, S. (1989). A verbal mem-
ory test with high predictive accuracy for dementia
of the Alzheimer type. Archives of Neurology, 46,
141-145.

Koss, E., Edland, S., Fillenbaum, G., Mohs, R., Clark,
C., Galasko, D., & Morris, J.C. (1996). Clinical
and neuropsychological differences between pa-
tients with earlier and later onset of Alzheimer’s
disease: A CERAD analysis, Part XII. Neurology,
46, 136-141.

Lampe, T.H., Bird, T.D., Nochlin, D., Nemens, E.,
Risse, S.C, Sumi, S.K., Koerker, R., Loaird, B.,
Wier, M. & Rakind, M.A. (1994). Phenotype of
chromosome 14-linked familial Alzheimer’s dis-
ease in a large kindred. Annals of Neurology, 36,
368-378.

Lehtovirta, M., Soininen, H., Helisalmi, S.,
Mannermaa, A., Helkala, E.L., Hartikainen, P.,
Hanninen, T., Ryynamen, M. & Riekkinen, P.J.
(1996). Clinical and neuropsychological
characterististics in familial and sporadic Alzhei-
mer’s disease: relation to apolipoprotein E poly-
morphism. Neurology, 46, 413-419.

Lendon, C.A., Martinez, A., Berhens, M.1., Kosik, K.,
Madrigal, L., Norton, J., Neuman, R., Myers, A.,
Busfield, F., Ruiz, A., Wragg, M., Arcos, M.,
Arango-Viana, J.C., Ossa, J., Ruiz, A., Goate,
A.M., & Lopera, F. (1997). The E280A PS-1 Mu-
tation causes Alzheimer’s disease but age of dis-
ease onset is not determined by ApoE alleles. Hu-
man Mutation 10, 186-195.

Lezak, M.D. (1995). Neuropsychological assessment.
New York: Oxford University Press.

Levy-Lahad, E., Wasco, W., Poorkaj, P., Romano,
D.M., Oshima, J., Pettingell, W.H., Yu, C.E.,
Jondro, P.D., Schmidt, S.D., & Wang, K. (1995).
Candidate gene for the chromosome 1 familial Alz-
heimer’s disease locus. Science, 269, 973-997.

Li, G., Silverman, J.M., Smith, C.J., Zaccario, M.L.,
Schmeidler, J., Mohs, R., & Davis, K. (1995). Age
at onset and familial risk in Alzheimer’s disease.
American Journal of Psychiatry, 152, 424-430.

Lippa, C.F., Saunders, A.M., Smith, T.W., Swearer,
J.M., Drachman, D.A., Ghetti, B., Nee, L., Pulaski-

Salo, D., Dickson, D., Robitaille, Y., Bergeron, C.,
Crain, B., Benson, M.D., Farlow, M., Hyman,
B.T., St. George-Hyslop, P., Roses, A.D., & Pol-
len, D.A. (1996). Familial and sporadic Alzhei-
mer’s disease: neuropathology cannot exclude a
final common pathway. Neurology, 46, 406-412.

Lopera, F., Arcos, M., Madrigal, L., Kosik, K.,
Cornerjo, W., & Ossa, J. (1994). Demencia de tipo
Alzheimer con agregacin familiar en Antioquia,
Colombia. Acta Neurologica Colombiana, 10, 173-
187.

Lopera, F., Ardila, A., Martinez, A.l.,, Madrigal, L.,
Arango-Viana, J.C., Lemere, C., Arango-Lasprilla,
J.C., Hincapie, L., Arcos, M., Ossa, J.E., Behrens,
I.M., Norton, J., Lendon, C., Goates, A., Ruiz-
Linares, A., Rosselli, M., & Kosik, K.S. (1997).
Clinical features of early-onset Alzheimer’s dis-
ease in a large kindred with an E280A Presenilin-1
mutation JAMA, 277, 793-799.

Martin, J.J., Gheuens, J., Bruyland, M., Cras, P,
Vanderbeerghe, A. , Masters, L.., Beyreuther, K.,
Dom, R., Ceuterick, C., Lubke, U., Van Heuvers-
wijn, H., De Winter, G. & Van Broeckhover, C.
(1991). Early-onset Alzheimer’s disease in 2 large
Belgian families. Neurology, 41, 62-68.

Morris, J.C., Heyman, A., Mohs, R.C., Hughes, J.P.,
van Belle, G., Fillenbaum, G., Mellits, E.D., &
Clarck, C. (1989). The Consortium to Establish a
Registry for Alzheimer’s Disease (CERAD). PartI.
Clinical and neuropsychological assessment of
Alzheimer’s disease. Neurology, 39, 1159-1165.

Nee, L.E., Polinsky, R.J., Eldridge, R., Weingartner,
H., Smallberg, S., & Ebert, M.A.(1983). family
with histologically confirmed Alzheimer’s disease.
Archives of Neurology, 40, 203-208.

Raven, J.C. (1982). Revised Manual for Raven’s Pro-
gressive Matrices and Vocabulary Scale. Windson,
UK: NFER Nelson.

Osterrieth, P.A. (1944). Le test de copie d’une figure
complexe. Archives de Psychologie, 30, 206-356

Rebok, G., Brandt, J. & Folstein, M. (1990). Longitu-
dinal cognitive decline in patients with Alzheimer
disease. Journal of Geriatric Psychiatry and Neu-
rology, 3, 91-97.

Reisberg G. (1988). Functional Assessment Staging
(FAST). Psychopharmacology Bulletin, 24, 653-
659.

Rosselli, M., Ardila, A., & Rosas, P. (1990) Neuro-
psychological assessment in illiterates II: Lan-
guage and praxic abilities. Brain and Cognition,
12,281-296

Rosselli, M., & Ardila, A. Effects of age, education
and gender on the Rey-Osterrieth Complex Figure.
The Clinical Neuropsychologist, 5,370-376. 1991.

Sadovnick, A.D., Tuokko, H., Horton, A., Baird, P.A.
& Beattie, B.L. (1988). Familial Alzheimer’s dis-
ease. Canadian Journal of Neurological Sciences,
15, 142-146.



COGNITIVE DECLINE AND ALZHEIMER’S DISEASE 495

Sclan, S.G. & Reisberg, B. (1992). Functional Assess-
ment Staging (FAST) in Alzheimer’s disease: Reli-
ability, validity and ordinality. International Psy-
chogeriatrics, 4, supp 1, 55-69.

Sherrington, R., Rogaev, E.I., Liang, Y., et al.,
(1995). Cloning of a novel gene bearing missense
mutations in early onset familial Alzheimer dis-
ease. Nature, 375, 754-760.

St. George-Hyslop, P.H., Tanzi, R.E., Polinsky, R.J.,
Haines, J.L., Nee, L., & Wakins, P.C (1987). The
genetic defect causing familial Alzheimer’s disease
maps on chromosome 21. Science, 235, 885-890.

Stern, Y., Tang, M. X., Denaro, J., & Mayeux, R
(1995). Increased risk of mortality in Alzheimer’s
Disease patients with more advanced educational

and occupational attainment. Annals of Neurology,
37,590-595.

Tierney, M.C., Szalai, J.P., Snow, W.G., Fisher, M.B.,
Nore, M.A., Nadon, M.D., Dunn, M.D., & George-
Hyslop, P.H. (1996). Prediction of Probable Alz-
heimers? Disease in memory-impaired patients: A
prospective longitudinal study. Neurology, 46,
661-665.

Wechsler, D. (1945). A standarized memory test for
clinical use. The Journal of Psychology, 19, 87-95.

Willingham, D.B., Peterson, E.W., Manning, C., &
Brashear H.R. (1997). Patients with Alzheimer’s
disease who cannot perform some motor skills
show normal learning of other motor skills. Neuro-
psychology, 11,261-271.



