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ABSTRACT

Objective: To cross-sectionally study subjective memory complaints (SMC) in autosomal dominant
Alzheimer disease (ADAD).

Methods: We examined self-reported and study partner–based SMC in 52 young, cognitively
unimpaired individuals from a Colombian kindred with early-onset ADAD. Twenty-six carried the
PSEN-1 E280A mutation, averaging 7 years of age younger than the kindred’s expected clinical
onset. Twenty-six were age-matched noncarriers. Participants also underwent structural MRI and
cognitive testing.

Results: Self-reported SMC were greater in carriers than noncarriers (p 5 0.02). Study partner–
based SMC did not differ between groups (p5 0.21), but in carriers increased with age (r5 0.66,
p , 0.001) and decreased with hippocampal volume (r 5 20.35, p 5 0.08).

Conclusions: Cognitively unimpaired PSEN-1 carriers have elevated SMC. Self-reported SMC
may be a relatively early indicator of preclinical AD, while partner- reported SMC increases later
in preclinical AD, closer to clinical onset. Neurology® 2017;89:1464–1470

GLOSSARY
AD 5 Alzheimer disease; ADAD 5 autosomal dominant Alzheimer disease; CERAD 5 Consortium to Establish a Registry for
Alzheimer’s Disease; CI 5 confidence interval; GDS 5 Geriatric Depression Scale–15; MCI 5 mild cognitive impairment;
MMSE 5 Mini-Mental State Examination; SMC 5 subjective memory complaints.

Early detection of Alzheimer disease (AD) has become a priority in research, as treatments now
in development must be administered as early as possible, preferably in the preclinical stage.1,2

Subjective memory complaints (SMC) are an easily acquired indicator of subtle cognitive
decline in AD,3–5 which confer risk of dementia progression,6–11 and track with AD bio-
markers.10,11 Still, their predictive utility could be improved by clarifying how other variables
moderate SMC during the preclinical stage.4,8

Studying SMC in cognitively unimpaired individuals with autosomal dominant AD
(ADAD), whose future disease course is known with relative certainty, can provide insight in
this regard. In such individuals, the course of SMC across the preclinical stage and beyond
can be documented precisely, as has been done with other biomarkers in ADAD.12–14 Studying
ADAD has the added benefit of removing confounding sources of SMC that emerge when
studying aging individuals.

We examined SMC in individuals from a Colombian kindred with high prevalence of the
presenilin-1 (PSEN-1) E280A mutation.15 We compared SMC in carriers and noncarriers using
both self and study partner report, and regressed SMC against age to estimate its course during
the preclinical stage. Finally, we correlated SMC with hippocampal volume and cognitive
performance. We hypothesized that self-reported SMC would be elevated earlier than study
partner–reported SMC,4 and that study partner–based SMC would covary more closely with
hippocampal volume and objective memory performance,8 indicating a closer link to variables
that change proximally to clinical onset.
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METHODS Participants. Participants were 52 volunteers

from a Colombian kindred with early-onset ADAD due to the

PSEN-1 280A mutation, 26 were carriers of the mutation, and 26

were noncarrier family members. Mutation carriers from this

cohort have a mean onset of mild cognitive impairment (MCI) at

age 44 years (95% confidence interval [CI] 43–45) and a mean

onset of dementia at age 49 years (95%CI 49–50).15 The age range

for carriers was 24–53 years and for noncarriers it was 24–48 years.

All participants were cognitively unimpaired as defined by a score of

2 or lower on the Functional Assessment Staging Test, which

ranges from 1 (normal) to 7 (severe dementia),16 which was

administered by a neurologist, blind to carrier status. A score of 1

indicates no difficulties, either subjectively or objectively. A score of

2 indicates that there may be somememory concerns that are in the

normal range for aging adults. A score of 3, which resulted in

exclusion from the study, indicates that memory problems are

affecting performance at work. All participants were unaware of

their own genetic status, which is the cultural standard in this

community, but all participants had a parent who was a carrier.

Only participants living in the metropolitan area of the Aburra

Valley, within 105 miles of the University of Antioquia, were

invited to participate in the study. Potential participants were

screened in advance for the presence of neurologic and psychiatric

disorders, drug use, and eligibility to undergo MRI. All cognitively

unimpaired carriers and noncarriers had a Mini-Mental State

Examination (MMSE)17 score of at least 25/30, and all participants

screened negative for depression, as defined by a score of 5 or lower

on the Geriatric Depression Scale–15 (GDS).18

Standard protocol approvals, registrations, and patient
consents. The study was approved by both the institutional

review board committees of the University of Antioquia in

Colombia and Massachusetts General Hospital in Boston. All

participants gave signed informed consent before participating.

Subjective memory complaints and other cognitive
measures. Participant/study partner dyads completed the Mem-

ory Complaint Scale in Spanish.19 The scale comprised 15 indi-

vidual items concerning difficulties in daily life memory tasks,

each rated on a Likert scale from 0 (no complaints) to 3 (maximal

complaints). The items focus on perceived memory problems and

do not compare current memory ability to ability earlier in life.

For example, “Do you often forget the first or last name of known

people?” and “Have you gotten lost in familiar places?” This scale

conforms to the recommendations made by Rabin et al.,20 in that

it is appropriate to the demographic characteristics of this sample,

focuses on a single cognitive construct (memory), and combines

multiple specific items rather than general ones. All participants

were administered the Spanish-language version of the Consor-

tium to Establish a Registry for Alzheimer’s Disease (CERAD),

which has been validated in this population including individuals

in the age range used here.21

Structural MRI. Anatomic data were acquired on a 1.5T Phi-

lips (Best, the Netherlands) Achieva MRI scanner at the Instituto

de Alta Tecnología Médica in Medellin, Colombia. For each

participant, 2 high-resolution T1-weighted structural MRI

scans were collected to examine hippocampal volumes (3D fast

field echo, repetition time 2,530 ms, echo time 3.39 ms, flip

angle 78, field of view 256 3 256, voxel size 1.0 3 1.0 3

1.0 mm, 176 slices). Automatic shimming procedures were per-

formed. Hippocampal volumes were automatically estimated

using an established algorithm available in the Freesurfer (V.4.5)

data analytics package. For each participant, raw hippocampal

volumes were normalized by dividing by the individual’s intra-

cranial volume and then multiplying that proportion by the mean

intracranial volume of the entire sample. Left and right hippo-

campal volumes were averaged to create a single metric for each

participant, for use in group comparisons and correlations with

other variables.

Analysis. We compared groups using t tests, and Pearson corre-

lation coefficients (r) were used to explore the associations

between ratings of SMC and other variables. In addition, to

ascertain the age at which carriers began to reliably differ from

noncarriers, we performed curvilinear regressions of study partner

and self-reported SMC with age, using quadratic, linear, or sig-

moidal curves, and determined the best fit based on Akaike cri-

teria, as described previously.12,13 As is typical for analyses with

this kindred, we used age as the only indicator of proximity to

symptom onset, rather than including parental age, since all

carriers had the same mutation.19

Study partner data were missing for 2 noncarriers and were

replaced with multiple imputations based on a regression equa-

tion derived from the rest of the noncarrier dataset, which

included self-reported SMC scores, age, education, sex, and hip-

pocampal volume. Missing data were imputed 10 times.22 Anal-

yses involving these multiply imputed data were done once for

each imputed dataset, and in reporting these results below, we

describe the mean statistic along with 95% CIs.

RESULTS Clinical and demographic characteristics.

Table 1 summarizes further clinical and demographic
information on the sample. Cognitively unimpaired car-
riers did not differ from noncarriers in terms of age,
education, or ratio of men to women. Carriers and non-
carriers did not differ significantly in performance on
any of the clinical or cognitive tests administered,
including GDS, MMSE, and CERAD subtests.

Group differences and courses of SMC with age. Carriers
showed higher self-reported SMC scores (mean 14.7,
SD 10.3) than noncarriers (mean 9.0, SD 5.8),
t(39.5) 5 2.5, p 5 0.019, d 5 0.65. For study
partner–based scores, carriers showed higher SMC
(mean 13.3, SD 11.6) than noncarriers (mean 9.7,
95% CI from 10 iterations of multiple imputations
9.41–9.92, SD 8.6, 95% CI 8.28–8.86), but the
difference was nonsignificant, t(44.8–47.0) 5 1.28
(95% CI 1.11–1.45), p5 0.21 (95% CI 0.15–0.27),
d 5 0.36 (95% CI 0.32–0.40). Self-reported and
study partner–reported SMC as a function of age are
shown in figure 1. In carriers, study partner–based
SMC scores correlated with age, r(24) 5 0.66, p ,

0.001, while self-reported SMC scores did not,
r(24)5 0.18, p5 0.39. In noncarriers, age correlated
with neither self-reported, r 5 20.07, p 5 0.74, nor
study partner–based SMC, r 5 0.13 (95% CI 0.06–
0.21), p 5 0.54 (95% CI 0.35–0.74). In carriers,
self-reported and study partner–based SMC were
correlated with one another, r(24) 5 0.69, p ,

0.001, as they were in noncarriers to a lesser degree,
r(24) 5 0.44 (95% CI 0.39–0.48), p 5 0.037 (95%
CI 0.013–0.061).

Age at reliable dissociation. Linear, quadratic, and sig-
moidal curves were fit to SMC scores in carriers
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and noncarriers separately, each as a function of age.
The best-fitting model out of those 3 is reported
below, for each group and form of SMC. For self-
reported SMC, carriers did not show a relation
between age and SMC for any of the 3 models
(maximum r2 5 0.052). For study partner–reported
SMC in carriers, the relation to age was best fit with
a sigmoidal function, r2 5 0.45. In noncarriers, the
relation between age and SMC was significant for
neither self-report (maximum r2 5 0.004) nor study
partner report (maximum r2 5 0.042, 95% CI from
10 iterations of multiple imputations analysis

between 0.018 and 0.066). Since there was a signifi-
cant relation between age and study partner–based
SMC in carriers, but not in noncarriers, we exam-
ined the age at which carriers began to reliably dis-
sociate from noncarriers for this metric. Carriers
began to show elevated study partner–based SMC
scores as compared to noncarriers at age 38.3 years,
5.7 years before the expected onset of MCI (95% CI
32.2–43.0).

We also examined the relative courses of objective
memory performance, as measured by the CERAD
word delayed recall, and hippocampal volume along-
side, shown in figure 2. Study partner–based SMC, as
well as memory performance and hippocampal vol-
ume, began to distinguish carriers from noncarriers in
the mid to late 30s, with hippocampal volume
emerging first at age 35.3 years, followed by CERAD
delayed recall at age 36.1 years, and then study
partner–based SMC at age 38.3 years.

Relation of SMC to cognitive variables and hippocampal

volume. Self-reported and study partner–based SMC
were related to performance on selective cognitive
tests in carriers, including CERAD delayed recall and
word list learning, as well as the MMSE (table 2).
Carriers had smaller normalized hippocampal vol-
umes than noncarriers (t[49.3] 5 2.83, p 5 0.007).
The average hippocampal volume for the noncarriers
was 4,195.9 mm3 (SD 388.6 mm3) and for carriers
was 3,873.67 mm3 (SD 438.84 mm3). Hippocampal
volume in carriers was negatively but nonsignificantly
associated with study partner–reported SMC,
r(24)520.35, p5 0.08, but less so for self-reported
SMC, r(24) 5 20.12, p 5 0.56. In noncarriers,

Figure 1 Subjectivememory complaints (SMC) as a function of age in autosomal
dominant Alzheimer disease

Regression lines are shown for the best fitting function out of the 3 that were tested: sigmoi-
dal, linear, and quadratic. For carriers, study partner–based SMCwere best fit by a sigmoidal
function (r2 5 0.45) (A), while self-reported SMC did not vary significantly as a function of
age for any of the 3 models used (r2 , 0.06) (B), and a linear model is shown. For noncarriers,
none of the 3 functions fit the data significantly, and linear models are shown.

Table 1 Participant demographic and neuropsychological data

Noncarriers
(n 5 26)

Cognitively
unimpaired
carriers (n 5 26)

Cohen d; p value for
group comparison

Age, y, mean (SD) 37.2 (6.5) 35.6 (7.7) 20.21; 0.44

Education, y, mean (SD) 10.2 (3.5) 10.1 (3.0) 20.04; 0.90

Male/female 3/23 7/19 x2 5 1.98; 0.16

FAST 1.1 (0.27) 1.3 (0.45) 0.50; 0.07

MMSE, mean (SD) 29.7 (0.47) 29.1 (1.4) 20.53; 0.06

GDS-15 2.9 (3.5) 1.5 (1.7) 20.47; 0.09

CERAD

Word learning/30 19.4 (3.8) 18.1 (5.5) 20.29; 0.31

Word delayed recall/10 7.3 (1.8) 6.0 (2.7) 20.52; 06

Semantic fluency (animals) 19.6 (5.4) 17.5 (4.3) 20.41; 0.14

Naming/15 13.2 (1.5) 13.3 (1.7) 0.10; 0.73

Abbreviations: CERAD 5 Consortium to Establish a Registry for Alzheimer’s Disease; FAST 5 Functional Assessment
Staging Test; GDS-15 5 Geriatric Depression Scale–15; MMSE 5 Mini-Mental State Examination.
p Values comparing cognitively unimpaired carriers to noncarriers were calculated using independent samples t tests for
all variables except sex, which was calculated using x2.
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averaged hippocampal volume did not correlate with
study partner–reported SMC, r(24)5 0.10 (95% CI
0.05–0.16), p 5 0.63 (95% CI 0.46–0.80), or self-
reported SMC, r(24) 5 20.03, p 5 0.89. Age was
correlated negatively with hippocampal volume in
carriers, r(24) 5 20.49, p 5 0.011, but not in
noncarriers, r(24) 5 0.042, p 5 0.84, as expected.

DISCUSSION This study found that SMC in carriers
of the PSEN-1 E280A mutation differ from those in
noncarriers prior to the clinical onset of AD. Despite

the cross-sectional design employed here, the
homogenous nature of disease trajectory in this kin-
dred, combined with the wide age range of the
present sample, allowed an examination of the pre-
clinical course of SMC in carriers over decades. Study
partner–reported SMC progressed with age in
mutation carriers, following a sigmoidal function. In
contrast, self-reported SMC were significantly higher
in carriers than noncarriers, but did not progress with
age in either group. Regression analyses showed that
study partner–reported SMC in carriers began to
reliably differ from noncarriers at age 38.3 years—
roughly 5.7 years before expected MCI onset and
10.7 years before expected dementia onset. In the
present sample, this difference in study partner–
reported SMC emerged roughly 2 years later than
the reliable difference in objective memory perfor-
mance (CERAD word delayed recall), and 3 years
later than the reliable difference in hippocampal
volume (these estimates are similar but not identical
to those we reported previously13). Study partner and
self-reported SMC correlated with other measures of
cognition beyond memory, including naming and
fluency, as well as MMSE. This is consistent with the
start of a decline shown in those tests during the mid
to late 30s in this kindred.23 In noncarriers, SMC of
both types did not correlate with objective measures
of memory performance, suggesting that the SMC
scores in the noncarrier group are driven by other
factors, such as perhaps neuroticism, as has been
discussed in the healthy aging and sporadic AD
literature.24

The differences observed between SMC in cogni-
tively normal carriers and noncarriers can be attrib-
uted, with great confidence, to AD-related
processes. The complete penetrance of the PSEN-1
E280A mutation means that virtually all of the car-
riers in this study will in fact develop AD in their mid-
40s.15 Further, the young age of the sample removes

Figure 2 Subjective memory complaint changes relative to objective cognitive
and brain structural changes

Age-associated curves for PSEN1 mutation carriers shown for subjective memory com-
plaints (study partner–based memory complaints), Consortium to Establish a Registry for
Alzheimer’s Disease (CERAD) word delayed recall scores, and hippocampal volume. Ages at
which carriers and noncarriers began to reliably differ are also shown on each metric.

Table 2 Correlations between subjective memory complaints (SMC) and clinical, cognitive, and demographic
variables

Carrier study
partner–based SMC

Carrier
self-reported SMC

Noncarrier study
partner–based SMCa

Noncarrier
self-reported SMC

MMSE 20.57b 20.59b 20.14 0.30

CERAD

Word list learning 20.61b 20.46c 0.00 20.10

Word delayed recall 20.67b 20.54b 0.13 20.24

Semantic fluency 20.49c 20.37 0.13 20.16

Naming 20.36 20.41c 20.09 20.07

Abbreviations: CERAD 5 Consortium to Establish a Registry for Alzheimer’s Disease; MMSE 5 Mini-Mental State
Examination.
a n 5 24 due to 2 missing data points as described in Methods.
bp , 0.01.
cp , 0.05.
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the confound of other common age-related condi-
tions that hinder memory and influence studies of
sporadic AD in aging populations. In addition, in
research with healthy aging and sporadic AD, SMC
is influenced by psychological factors such as neurot-
icism and depression.24,25 In this sample, carriers and
noncarriers did not differ in terms of depressive symp-
toms as measured by the GDS, meaning depression
was not likely a factor in the group differences. In
carriers, increased study partner–based SMC was
marginally related to decreased hippocampal volume,
and both study partner–based and self-reported SMC
related significantly to cognitive performance. These
correlations are consistent with the idea that SMC is
in fact tapping subtle cognitive changes that occur
during preclinical AD.

A curious point in the present results is that self-
reported SMC did not significantly relate to age, line-
arly or otherwise, while informant-reported SMC and
hippocampal volume both did. While it is difficult to
address the reason for this pattern of results given the
present sample size, 2 factors emerge as tentative ex-
planations. First, in some cases, carriers’ ability to accu-
rately assess their ownmemory difficulties may become
reduced as they get closer to the age at which symptom
onset is expected in this kindred. This may have
reduced SMC in some of the older carriers in this
sample. Second, several of the youngest carriers in this
sample—those in their mid to late 20s—displayed ele-
vated levels of SMC, reducing the overall positive slope
of SMC against age in carriers. Speculatively, if self-
reported SMCwere reliably elevated decades before the
expected onset of MCI, it would indicate a longstand-
ing phenotype that would be useful clinically and
empirically, especially if it generalized to sporadic
AD. However, at this point, lack of awareness of mem-
ory difficulties in late preclinical AD and heightened
SMC very early in the preclinical stage both remain to
be demonstrated in a reliable fashion.

A previous study on ADAD, which studied a dif-
ferent group of several mutations than the presently
studied Colombian kindred, did not find any differ-
ence between cognitively unimpaired carriers and
noncarriers of AD-causing mutations.5 The difference
between the results of that study and the present one
may arise partially from the fact that the previous
study relied on a single item to define SMC, which
may have hampered sensitivity, while the present
study used a 15-item measure, shown to be sensitive
to early memory problems.19 Another important dif-
ference between the 2 studies is that, while in the
present study all participants were blind to their
genetic status, an estimated 40% of those in the pre-
vious study knew their genetic status, which has been
shown to interact with self-reported SMC,26 with
knowledge of genetic risk increasing the harshness

of self-directed memory ratings. Finally, the previous
study was not limited to a single PSEN-1 mutation,
and included other mutations that cause ADAD.

Limitations of the present study include a relatively
small sample size and uncertainty in the extent to
which our findings may be generalizable to other
AD-causing mutations or sporadic late-onset AD.
While our sample is relatively small compared to
studies of sporadic AD, it is one of the largest of its
kind in individuals with a single AD-causing muta-
tion. There are also considerations that must be made
when drawing inferences from this particular kindred
to aging populations without known genetic risk fac-
tors. The main caveat here is that all individuals in the
present study were aware of their high risk of develop-
ing AD, despite being unaware of their own genetic
status. This puts all participants in this study on high
alert for memory problems in themselves and in their
relatives as they approach their early to mid-40s. To
confirm this, it would have been ideal to compare
the carriers and noncarriers studied here with individ-
uals who were unrelated to the kindred, but these data
were not available. The degree to which this height-
ened concern for memory problems in early middle
age parallels the concern for memory problems that
arises in late middle age in normal aging populations
with no family history of ADAD is unclear. The
course of SMC in preclinical ADAD also remains to
be confirmed in a longitudinal sample.

The present results from cognitively unimpaired in-
dividuals with ADAD confirm that SMC are a promis-
ing early marker of AD—one that has the advantage of
being intimately linked to the actual experience of
affected individuals and their families. Self-reported
SMC may be one of the earliest signs of cognitive
changes in the preclinical stage of AD, and appear
useful for identifying individuals who are at elevated
risk of AD, even decades prior to clinical onset. How-
ever, self-reported SMC may not be particularly useful
for identifying individuals at risk for imminent decline,
given that in the present study, they did not increase
with proximity to clinical onset. In contrast, increases
in study partner–reported SMC over time may confer
risk of clinical progression in cognitively normal in-
dividuals, which may prove useful for researchers in the
process of clinical trial selection, and to clinicians in
their efforts to form early diagnoses. In future studies,
it will be important to compare SMC to other bio-
markers, to longitudinally confirm the courses of self-
reported and study partner–reported SMC, and to
ascertain whether the present results from ADAD
transfer to late-onset, sporadic AD.
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Register for January Breakthroughs in Neurology
Conference in Florida

Mark your calendars for the 2018 Breakthroughs in Neurology Conference set for January 12–15
at the Caribe Royale in Orlando, FL. Don’t miss this unique opportunity to earn up to 25.25
valuable CME credits (11.25 of which qualify for self-assessment CME) in one convenient
weekend while getting a year-in-review of the best neurology science and education through
exciting programming led by 14 experts in the field. Early registration savings end January 3,
2018. Visit AAN.com/view/Breakthroughs today.

NEW Career Essentials Conference: January 13-15, 2018
Mark your calendars for the AAN’s newest conference, Career Essentials: Foundation for Your
Future, set to take place January 13–15, 2018, at the Caribe Royale in Orlando, FL, co-located
with the Breakthroughs in Neurology conference. Designed specifically for neurologists in private
practice and academia who are no more than five years post-residency, this family-friendly
conference will offer an excellent opportunity for early career neurologists to learn things they
weren’t taught in residency that will help lay the foundation for a successful career. Register before
January 3, 2018, at AAN.com/view/CareerEssentials.
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