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Abstract.
Background: Informant-based measures are effective screening tools for cognitive impairment. The Alzheimer’s Question-
naire (AQ) is a subjective, informant-based measure that detects amnestic mild cognitive impairment (aMCI) and Alzheimer’s
disease (AD) with high sensitivity and specificity and has been shown to predict amyloid burden.
Objective: To determine whether informant-based report of cognitive decline correlates with hippocampal volume changes
in MCI and AD.
Methods: Retrospective chart review of 139 clinically referred patients with clinical diagnoses of aMCI or mild dementia
due to AD was conducted. Diagnostic status (clinical diagnosis made by a neurologist), NeuroQuant measured MRI brain
with percentile rank hippocampal volume, Montreal Cognitive Assessment (MoCA) total, AQ-Total score, and demographic
variables were extracted from medical records. Spearman correlation was used to assess the relationship between hippocampal
volume and AQ-Total. The AQ was used to assign diagnostic status. Thus, the relationship between the AQ and diagnostic
status was excluded.
Results: The sample include 88 female and 51 male participants. The mean age was 74.37 ± 9.45, mean MOCA was
22.65 ± 4.18, mean education was 14.80 ± 3.35, and mean AQ score was 10.54 ± 5.22. Hippocampal volume and the AQ
correlation was r = –0.33 [95%CI – 0.47 to –0.17], p < 0.0001.
Conclusion: In a mixed-clinical sample of patients presenting to an outpatient memory disorders center, higher endorseme-
nts of functional impairments by caregivers were significantly associated with smaller hippocampal volumes. When used in
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conjunction with other available measures, these findings further support the role of the AQ in clinical decision-
making and demonstrate an additional relationship between clinical measures and volumetric MRI.
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INTRODUCTION

Increasing evidence suggests that informant-
based questionnaires that capture subjective memory
complaints (SMC) are viable screening measures
sensitive to objective cognitive impairment and that
qualitative analysis of SMCs can predict prodromal
clinical manifestations of dementia [1]. Examples
of published questionnaires for SMC include the
AD8 [2], the Informant Questionnaire on Cognitive
Decline in the Elderly [3], and the Memory Function-
ing Questionnaire (MFQ) [4].

Evidence also suggests that SMC can predict amy-
loid positivity [5]. Some early studies with the MFQ
have shown that poorer subjective ratings of memory,
executive functioning, and overall cognition were sig-
nificantly correlated with greater positron emission
tomography (PET) tracer uptake, indicating greater
amyloid burden [6, 7] and neurodegeneration [8].
Additionally, individuals with a higher number of
SMCs were more likely to be amyloid positive even
after controlling for neurodegeneration status (posi-
tive or negative), age, and education [6]. One study
that explored the link between SMC and magnetic
resonance imaging (MRI) reveals that SMC is asso-
ciated with increased white matter hyperintensity
volume and small vessel disease [9].

The Alzheimer’s Questionnaire (AQ) [10] is an
informant-based SMC questionnaire that evaluates
five domains associated with Alzheimer’s disease
(AD), including memory, orientation, functional abil-
ity, visuospatial, and language. Prior research with
the AQ has demonstrated its ability to differenti-
ate patients with clinically diagnosed mild cognitive
impairment (MCI) and AD from normal aging with
high sensitivity (89.0% for MCI and 99.0% for
AD) and specificity (91.0% for MCI and 96.0% for
AD) [11].

The current primary aim is to determine the ability
of subjective reports captured by the informant-based
AQ to correlate to hippocampal (HC) volume in order
to determine if an increase in subjective memory
complaints is associated with neurodegeneration, as
considered by HC atrophy in the brain. Given past
research with the AQ showing that individuals with
MCI and AD score higher than cognitively normal

individuals, we hypothesized that individuals with
lower HC volume will have higher AQ scores.

METHODS

Subjects

Archival records were queried from 139 patients
who sought treatment at the Cleveland Clinic Lou
Ruvo Center for Brain Health and who underwent a
structural and volumetric MRI. Records from par-
ticipants over the age of 50 with a diagnosis of
mild to moderate AD or MCI, a completed an amy-
loid PET scan, data from the informant-based AQ,
and with Mini-Mental State Examination [12] scores
between 15–30 were included. Prospectively eval-
uated patients with mild to moderate AD or MCI
also were enrolled. All participants with diagnoses
of AD met the criteria established by the National
Institute on Aging and the Alzheimer’s Association
[13], and the diagnosis of MCI was based on the
Petersen criteria [14]. Exclusion criteria included evi-
dence of vascular, traumatic, or inflammatory causes
of amnestic MCI (aMCI) evident by non-contrast
MRI and history of major systemic diseases that could
affect cognitive function, including other dementias
(e.g., dementia with Lewy bodies, frontotemporal
dementia, primary progressive aphasia, Parkinson’s
disease dementia, vascular dementia), cardiopul-
monary failure, hepatic or renal failure, diabetes
mellitus, head injury, stroke, or other neurodegen-
erative diseases. Additional variables gathered from
patients’ medical records include age, sex, education
level, clinical diagnosis (established by a behav-
ioral neurologist), and additional significant medical
history. All study procedures were reviewed and
approved through a minimal risk protocol by the Insti-
tutional Review Board at the Cleveland Clinic.

MRI procedure

MRI data acquisition and pre-processing
MR images were acquired on a 3T Siemens Trio

scanner with a 12-channel head coil. Specifically, a
3D volumetric magnetization-prepared rapid acqui-
sition (MPRAGE) T1-weighted scan was acquired
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with the following parameters: repetition time (TR)
2300 ms, echo time (TE) 3.31 ms, inversion time
(TI) 900 ms, flip angle (FA) 9◦, a field-of-view
(FOV) of 256 mm, and a voxel resolution of 1.0
× 1.0 × 1.2 mm3. This T1-weighted structural image
was used for the quantification of hippocampal vol-
ume by the NeuroQuant software package (CorTechs
Laboratories, La Jolla, CA).

Other sequences in multiple planes were acquired
for clinical qualitative evaluation, including a diff-
usion weighted imaging sequence (TR 5100 ms,
TE 105 ms, FA 180◦, bandwidth 723 Hz/Px, FOV
220 mm, voxel resolution 1.2 × 1.2 × 4.0 mm3), a
fluid attenuation inversion recovery (FLAIR) axial
sequence (TR 9000 ms, TE 109 ms, FOV 240 mm,
voxel resolution 0.8 × 0.8 × 5.0 mm3), a T2 fat supp-
ressed axial sequence (TR 4560 ms, TE 104 ms, FA
160◦, FOV 240 mm, voxel resolution 0.5 × 0.5
× 5.0 mm3), a T1-weighted axial sequence (TR
600 ms, TE 9 ms, FOV 240 mm, voxel resolution
0.9 × 0.9 × 5.0 mm3), an axial gradient echo seq-
uence (TR 250 ms, TE 20 ms, voxel resolution
1.3 × 0.9 × 5.0 mm3), a T2 axial susceptibility-
weighted images sequence (TR 27 ms, TE
20 ms, FA 17◦, FOV 220 mm, voxel resolution
0.9 × 0.9 × 1.6 mm3), and a FLAIR sagittal sequence
(TR 5000 ms, TE 388 ms, TI 2400 ms, band-
width 751 Hz/Px, FOV 230 mm, voxel resolution
1.0 × 1.0 × 1.0 mm3).

NeuroQuant is a fully automated software pack-
age that was specifically developed for segmentation
and volumetric analysis of brain structures. The soft-
ware provides volumetric analysis of multiple brain
structures for each hemisphere (right and left) as a
percentage of the total intracranial volume; this value
is based on the sum of all segmented brain struc-
tures, the brainstem, meninges, and cerebrospinal
fluid (CSF) external to the brain surface, allowing
for interindividual comparisons. The automatic seg-
mentation process includes image filtering, artifact
correction, segmentation, error measurement, and
report generation. For the hippocampus, lateral ven-
tricles, and the temporal horn of the lateral ventricles,
a normative range based on previous segmentations
of healthy individuals aged 50 to 95 years is pro-
vided. In this study we report age-adjusted percentile
volumes for the hippocampus and the other areas of
the brain included in the AD NeuroQuant evalua-
tion, these being the forebrain parenchyma, cortical
gray matter, cerebellum, amygdala, pallidum, puta-
men, caudate nucleus, thalamus, lateral ventricles,
and inferior lateral ventricles.

Alzheimer’s Questionnaire

The AQ was administered to an informant accom-
panying the patient during clinical consultation as the
standard of care. Each question is answered either
“yes” or “no” and the sum of the positively endorsed
items add up to a total score from 0 to 27. Six AQ
items are weighted (i.e., worth two points) given
their status as highly predictive of a clinical diagno-
sis of AD (e.g., repeating questions, disorientation to
time) [10].

Analyses

All data were analyzed using Prizm GraphPad.
Pearson bivariate correlations were conducted to
measure the associations between demographic vari-
ables (age and education) and the AQ total score. Chi
square analyses were conducted to measure poten-
tial differences in diagnostic status (aMCI versus
dementia) by amyloid status (positive versus nega-
tive) and to measure differences in sex by diagnostic
status and amyloid status. Independent samples t-
tests were conducted to measure potential differences
using age and education level as dependent vari-
ables, with amyloid status, diagnostic status, and
sex as independent variables. Of note, education
data was unavailable for 18 patients who were thus
excluded from the t-test analysis evaluating differ-
ences in education level. An analysis of covariance
(ANCOVA) was conducted to measure differences in
the AQ total score with sex as the independent vari-
able and education as a covariate. An independent
samples t-test was conducted to measure differences
in AQ total score using amyloid status (positive
versus negative) as the independent variable. Dif-
ferences in the AQ score by diagnostic status were
excluded from analyses as the AQ was used, in
part, to determine clinical diagnosis of MCI and
AD. Finally, receiver operating characteristic (ROC)
curves were plotted to assess overall classifica-
tion accuracy of the AQ in predicting amyloid
positivity.

RESULTS

The sample include 88 female and 51 male par-
ticipants. Mean age was 74.37 ± 9.45, mean MOCA
was 22.65 ± 4.18, mean education was 14.80 ± 3.35,
mean AQ score was 10.54 ± 5.22

The correlation between HC volume and AQ are
presented in Fig. 1. The AQ score was significantly
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Fig. 1. Higher AQ scores are significantly correlated with a
decrease in HC volume, as indicated by the inverse proportionality
between AQ score and HC volume.

correlated with HC volume (r = –0.33 [95%CI –0.47
to –0.17], p < 0.0001).

DISCUSSION

In a mixed-clinical sample of patients, higher
endorsements of functional impairments by care-
givers were significantly associated with smaller
hippocampal volumes. When used in conjunction
with other available measures, these findings further
support the role of the AQ in clinical decision-
making and demonstrate an additional relationship
with established AD biomarker outcomes with volu-
metric MRI.

Subjective memory complaints and MRI have been
investigated in other studies. Ryu et al. compared
subjects with SMC and subjects without SMC and
found micro- and macrostructural differences in HC
and entorhinal cortex [15]. In another study of 28
patients from a memory clinic with isolated SCD,
35 community-recruited elders with similarly high
levels of self-reported cognitive difficulties, and 35
community-recruited controls with low self-reported
cognitive difficulties, high self-reported difficul-
ties were associated with increased anxiety and
amyloid-� deposition, whereas subclinical depres-
sion and (HC) atrophy were specifically associated
with medical help seeking [16]. Other groups have
detected diffusion tensor imaging changes associ-
ated with SMC [17] and cortical thinning [18]. The
MEMENTO study is currently analyzing 2,300 par-
ticipants with SMC and MCI to assess MRI and
FDG PET. This study includes neuropsychological
testing to determine the natural history of these condi-
tions [19]

The findings from this study indicate that the AQ
shows promise as a tool to improve diagnostic accu-
racy in individuals with potential AD (i.e., those
with clinical diagnoses of amnestic MCI and AD).
The data suggest that the stronger the subjective
complaint, the more likely there is for HC atrophy.
Thus, informant-based questionnaires may have a
measure of predicting neurodegeneration. However,
those with atypical presentations of AD (e.g., poste-
rior cortical atrophy or logopenic primary progressive
aphasia) may not be accurately classified by the AQ,
as the types of cognitive complaints assessed by the
measure as specific to typically presenting AD symp-
tomology.

Overall, this study highlights the potential utility
for informant-based subjective cognitive question-
naires in screening individuals with concerns of AD
pathology. In this study, AD pathology (CSF, PET, or
plasma) was not directly measured. The AQ is a cost-
effective screening tool for inclusion in clinical trials
and to improve diagnostic accuracy and appropri-
ate referrals in settings where testing may be limited
by resources and time demands (e.g., primary care).
Further research is needed to determine the accuracy
of informant-based measures in predicting neurode-
generation, but our findings indicate that the AQ has
promise as an important diagnostic screening tool in
clinical practice.
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