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Abstract Introduction: To investigate whether baseline subjective cognitive complaints (SCCs) predict lon-
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gitudinal decline on neuropsychological testing and whether SCC increases longitudinally, in the
setting of high levels of amyloid burden.
Methods: Two hundred seventy-nine clinically normal older participants (mean age 5 73.7 6 6.1
years) from the Harvard Aging Brain Study, a cohort of community-dwelling individuals, were fol-
lowed longitudinally (4.27 6 1.35 years) with annual subjective memory questionnaires and neuro-
psychological assessment. 11C Pittsburgh compound-B positron emission tomography was used to
measure cortical amyloid and to classify status (Ab1/Ab2) at baseline.
Results: Higher baseline SCC predicted more rapid cognitive decline on neuropsychological mea-
sures among those with elevated amyloid (t 5 22.18, P , .0001). In addition, longitudinal report
of SCC significantly increased over time, with SCC progression most pronounced among Ab1 in-
dividuals (t 5 2.24, P 5 .0005).
Discussion: SCC may inform risk for future cognitive decline and track progression of self-
perceived decline, particularly in those along the AD trajectory, providing potentially important in-
dicators of clinical meaningfulness in AD prevention trials.
� 2018 The Authors. Published by Elsevier Inc. on behalf of the Alzheimer’s Association. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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1. Introduction

Experiencing persistent subjective cognitive complaints
(SCCs) in the absence of clinical impairment may represent
one of the earliest manifestations of Alzheimer’s disease
(AD) [1,2]. SCCs offer complementary information to
standard neuropsychological assessment in that they reflect
the person’s own perspective, an important component in
tracking early disease progression. Several cross-sectional
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studies have shown that greater SCCs, in older individuals
who are otherwise clinically normal, are associated with
AD biomarkers, including increased beta-amyloid (Ab)
and neurodegeneration [3–7] and greater entorhinal cortical
tau burden [8]. Longitudinal studies using baseline SCC to
predict cognitive and clinical outcomes have been mixed
[9–14], but a few recent studies have suggested that SCC in
the context of elevated AD biomarkers predict worse
cognitive and clinical outcomes than SCC alone [15–17].

The longitudinal trajectory of SCC, particularly in
individuals with elevated AD biomarkers, is not known.
While it has been shown that cognitive performance on
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Table 1

Demographics table at baseline

All Ab1 Ab2

N 279 70 209

Age (years) 73.4 (6.1) 75.0 (5.7) 72.9 (6.0)

Sex (% female) 59 61 59

Years of education 15.8 (3.0) 16.3 (3.0) 15.7 (3.1)

APOE ε4 status (% carriers) 29 61 18

Logical Memory delayed

recall

13.7 (3.3) 14.0 (2.1) 13.6 (3.3)

MMSE 29.0 (1.1) 28.8 (1.0) 29.1 (1.1)

Free and Cued Selective

Reminding Test (/96)

80.9 (5.9) 80.7 (6.0) 81.0 (5.9)

Digit Symbol Coding Test 47.23 (10.7) 46.9 (10.0) 47.3 (11)

Sum of STIDA (/7) 1.14 (1.2) 1.4 (1.3) 1.03 (1.2)

Abbreviations: MMSE, Mini–Mental State Examination; STIDA, Struc-

tured Telephone Interview of Dementia Assessment.

NOTE. Values represent mean (standard deviation) except for sex and

amyloid status in which values represent percentages.
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neuropsychological assessment declines more steeply in in-
dividuals with preclinical AD [18–20], it has yet to be
determined whether individuals with preclinical AD show
an increase in SCC longitudinally. If a longitudinal
increase in SCC was observed in individuals on the AD
continuum, this would provide further support for the
concept of SCC as valuable marker of AD, in that
individuals perceive increasing cognitive difficulties as the
disease progresses.

In the present study, we sought to examine the role of
SCC in predicting and tracking disease progression in clini-
cally normal individuals with abnormal Ab levels measured
by Pittsburgh compound B positron emission tomography
(PIB-PET). First, we hypothesized that greater baseline
SCC would predict steeper decline on objective neuropsy-
chological measures particularly in the context of elevated
Ab compared to those with lower levels. Second, we pre-
dicted that SCC would increase more rapidly in individuals
with abnormal Ab compared to those with lower levels.
2. Methods

2.1. Participants

To be enrolled in HABS at baseline, participants were
clinically normal, defined as a global score of 0 on the Clin-
ical Dementia Rating Scale [21], greater than 25 on the
Mini–Mental State Examination [22], less than 11 on the
30-item Geriatric Depression Scale [23], and normal perfor-
mance within validated education-adjusted norms on
Logical Memory II delayed recall [24]. A detailed review
of medical history and functional performance as well as
physical and neurologic examinations confirmed their status
as clinically normal. None of the participants had a history of
alcoholism, drug abuse, head trauma, or current serious
medical or psychiatric illness. All study staff who assessed
subjects clinically were blinded to the biomarker status of
the subjects. This study included 279 HABS participants at
baseline.

Participants were followed for an average of
4.27 6 1.35 years (range: 2–6 years) with annual cognitive
testing. Participants underwent APOE genotyping. Demo-
graphics at baseline can be found in Table 1. Study protocols
were approved by the Partners Institutional Review Board,
and all participants provided informed consent before under-
going any study procedures.

2.2. Test battery and timeline

HABS participants were administered a set of seven yes
or no questions annually, adapted from the Structured Tele-
phone Interview for Dementia Assessment (STIDA) used in
a large epidemiological study of nurses for assessing cogni-
tive change in older individuals [25,26]. Answers on these
questions (0 5 no, 1 5 yes) were added together to create
a summary score that was used in statistical analyses.
Subsequently, a z-score, using the baseline average, was
calculated for each year of the study that was used in
analyses. Higher scores on the STIDA z-score indicate
greater subjective cognitive concerns.

Objective cognitive performance was examined using the
Preclinical Alzheimer Cognitive Composite (PACC)
[20,27], a cognitive composite that has previously been
shown to be sensitive to amyloid-related decline. The
PACC comprised the following neuropsychological tests:
(1) Logical Memory delayed recall [24] (2) Free and Cued
Selective Reminding Test free and total cued recall score
[28], (3) number completed on the digit-symbol test [29],
and (4) Mini–Mental State Examination total score [22].
Measures were z-transformed based on the mean and stan-
dard deviation from the larger HABS baseline sample and
averaged. Lower scores on the PACC z-score indicate lower
cognitive performance. Participants were administered mea-
sures from the PACC annually.

2.3. PiB-PET imaging

11C Pittsburgh compound-B PET data were collected at
baseline, as previously been described in detail [30]. PiB-
PET cerebellar gray matter was used as the reference region
from the Freesurfer aseg atlas as previously described
[31,32], and a summary distribution volume ratio was
used. A composite PiB distribution volume ratio measure
of cortical amyloid burden that comprised frontal, lateral,
and retrosplenial regions [33] was calculated for each partic-
ipant. Baseline amyloid status (Ab1/Ab2) was classified
using a previously reported Gaussian mixture modeling
approach with a cutoff of 1.19 [34].

2.4. Statistical analyses

Two sets of longitudinal analyses were conducted. First,
linear mixed models in which baseline STIDA score was
used to predict longitudinal PACC performance were as-
sessed with covariates that included age, education, and
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sex. Second, linear mixed models in which baseline Ab sta-
tus was used to predict longitudinal STIDA scores were as-
sessed with covariates that included age, education, and sex.
We also ran secondary models with GDS and APOE ε4 car-
rier status in separate models.

In the first series of models, baseline STIDA score and
covariates were used to predict PACC score (PACC w
STIDA*time 1 age*time 1 sex*time 1 education*time).
Subsequent models included an interaction term between
baseline Ab status and STIDA score to predict PACC decline
with covariates (PACCwAbstatus*STIDA*time1 age*time
1 sex*time 1 education*time).

In addition, we examined the STIDA as a longitudinal
outcome to determine whether there was an increase in
report of symptoms over time, controlling for covariates
(STIDAw time1 age*time1 sex*time1 education*time)
and whether differences could be observed by Ab group
(STIDAwAbstatus*time1age*time1 sex*time1educatio-
n*time). All analyses using Ab status were repeated using
amyloid as continuous variable. We used the statistical pack-
age R version 3.3.2 for all statistical analyses.
3. Results

In the first set of longitudinal models, baseline STIDA
score did not predict longitudinal PACC performance across
participants (t 5 21.3, P 5 .19). However, when we exam-
ined the impact of baseline Ab status on the relationship be-
tween STIDA and PACC decline, the interaction term was
significant (t 5 22.18, P , .0001) such that higher STIDA
score was more strongly associated with longitudinal PACC
decline in Ab1 individuals compared to Ab2 individuals
(Fig. 1). Findings were also significant for all models
when Ab was used as a continuous measure (t 5 23.13,
P5 .0018). GDS was not a significant independent predictor
in the model and did not impact overall findings of SCC by
Ab to predict PACC. Similarly, adding APOE ε4 carrier sta-
Fig. 1. STIDA predicting PACC decline separated by Ab group. Visit oc-

curs on an annual basis. Abbreviations: PACC, Preclinical Alzheimer

Cognitive Composite; SD, standard deviation; STIDA, Structured Tele-

phone Interview for Dementia Assessment.
tus as an independent predictor in the model was not signif-
icant and did not impact overall findings of SCC to predict
PACC.

In the second set of models, we examined the longitudinal
trajectory of the STIDA over the course of the study, control-
ling for covariates. Overall, STIDA score significantly
increased over time (t 5 2.24, P 5 .025) (Fig. 2). The time
by Ab group interaction was significant (t 5 3.52,
P 5 .0005), such that Ab1 individuals demonstrated a
greater increase in STIDA score over time compared to
Ab2 individuals (Fig. 3). Taken in a different way, there
was an annual increase in STIDA score of 0.03 in Ab2 in-
dividuals compared to 0.14 in Ab1 individuals. When using
amyloid as a continuous measure, the results were consistent
with analyses using Ab group, such that the interaction term
with amyloid and time significantly predicted an increase in
STIDA score (t5 2.52, P5 .017). When GDS was added as
an independent predictor, it did not significantly predict lon-
gitudinal SCC. When APOE ε4 carrier status was included
in the model, APOE ε4 carrier status was not a significant
predictor, but Ab positivity remained a significant predictor
of increasing SCC.
4. Discussion

In the present study, we found that higher self-report of
cognitive complaints (i.e., STIDA) at baseline was associ-
ated with longitudinal cognitive decline on a neuropsycho-
logical composite sensitive to change in preclinical AD
(i.e., PACC) in the setting of elevated Ab. In addition, we
found that SCC showed an overall increase during the study
and that this increase was most evident in individuals who
were Ab1 at baseline.

Only a few previous studies have investigated the role of
SCC in predicting longitudinal outcomes in the context of
AD biomarker positivity. One previous study [15] demon-
strated that in clinically normal individuals who were
Ab1, greater SCC predicted greater rates of clinical pro-
gression to mild cognitive impairment or dementia, although
Fig. 2. Greater endorsement on STIDA over the course of the study. Visit

occurs on an annual basis. Abbreviation: STIDA, Structured Telephone

Interview for Dementia Assessment.



Fig. 3. Longitudinal STIDA by baseline Ab group. Visit occurs on an

annual basis. Abbreviations: STIDA, Structured Telephone Interview for

Dementia Assessment; Ab group, amyloid group.
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they did not find evidence of higher rates of cognitive decline
in this relatively small sample. In studies examiningmemory
clinic patients who had memory concerns but were cogni-
tively unimpaired on testing, one found that reduced glucose
metabolism in the right precuneus at baseline predicted
memory decline [16] and another found steeper cognitive
decline was related to evidence of preclinical AD based on
cerebrospinal fluid biomarkers [17]. Our results in the pre-
sent study are in keeping with these findings, but unique in
that our sample includes individuals recruited from the com-
munity who were not selected on the basis of SCC or from
clinics where patients were evaluated for cognitive concerns.

Very limited studies have investigated the trajectory of
SCC with longitudinal subjective report. The few studies
that have compared longitudinal SCC with longitudinal
cognitive performance found alignment between these mea-
sures in cognitively unimpaired individuals [35,36]. Not
surprisingly, however, longitudinal self-report trajectories
and neuropsychological performance were shown to diverge
as individuals reached dementia, when anosognosia be-
comes quite common [37]. In the present study, we had the
advantage of examining the natural course of SCC progres-
sion in individuals thought to be in the preclinical stages of
AD based on Ab biomarker evidence. Our findings are in
support of the notion that SCC does in fact reflect progres-
sion of AD, as an increase in SCC was observed in Ab1 in-
dividuals, even after controlling for the impact of age and
other covariates.

A few limitations to the present study are worth high-
lighting. The SCC measure used in the present study was
brief; however, we were nonetheless able to observe change
over time on this measure. Furthermore, its brevity makes it
more appropriate for clinical settings as in lengthy AD pre-
vention trials. In addition, our sample was community based
and participants were not required to have baseline SCC to
participate in the study. While we, nonetheless, observed a
longitudinal increase in SCC symptoms in our sample, it
will be important to evaluate if this effect is even stronger
in individuals who report high levels of SCC, such as from
a memory clinic setting [38].

In the context of elevated amyloid, we provide evidence
for the potential added value of SCC assessment to predict
and track cognitive decline, as well as to understand disease
progression from the person’s own perspective that may
impact everyday functioning. Longitudinal monitoring of
SCC has the potential to offer insight into clinically mean-
ingful therapeutic effects of interventions being tested in
clinical trials that cannot be fully realized by objective
cognitive test measures alone. Importantly, our findings sug-
gest that longitudinal assessment of SCC in the setting of
preclinical AD biomarkers may be particularly valuable
for tracking progression of the earliest symptomatic changes
of AD.
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RESEARCH IN CONTEXT

1. Systematic review: The authors reviewed the litera-
ture using traditional (e.g., PubMed) sources and
meeting abstracts and presentations. While there is
growing consensus that subjective cognitive com-
plaints (SCCs) is a useful marker within the context
of preclinical Alzheimer’s disease (AD), no studies
have examined longitudinal SCC report in clinically
normal older individuals with elevated amyloid.

2. Interpretation: We demonstrate that SCC report in-
creases longitudinally in individuals with elevated
amyloid. Our findings suggest that longitudinal
assessment of SCCs in the setting of preclinical AD
biomarkers may be particularly valuable for tracking
progression of the earliest symptomatic changes of
AD.

3. Future directions: Secondary AD prevention trials
are in search of sensitive tools to track clinically
meaningful treatment effects in response to interven-
tions. This article provides support for using SCC
questionnaires as an outcome measure in prevention
trials.
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