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Abstract. Subjective memory complaints (SMC) are required when diagnosing amnestic mild cognitive impairment (aMCI),
although their relationship with objective memory performance and Alzheimer’s disease (AD) pathology remains unclear.
We investigated whether the sex of the patient/participant moderates these associations. Participants were 940 normal control
(NC) and aMCI participants from the Alzheimer’s Disease Neuroimaging Initiative. SMC were assessed via the memory
scale of the Everyday Cognition questionnaire. Discrepancy scores were calculated between self- and informant-reports and
categorized into “overestimates,” “comparable estimates”, and “underestimates” of SMC. We conducted linear and logistic
regressions to examine the interaction of sex with self- and informant-reported SMC and discrepancy group on the Rey
Auditory Verbal Learning Test (RAVLT) Immediate and Delayed Recall and on PET measures of amyloid-� (A�) positivity.
Diagnosis-stratified analyses were also conducted. Overall, there were sex by self- and informant-reported SMC interactions
for Immediate and Delayed Recall. Despite a higher proportion of “overestimates” in women, greater self- and informant-
reported SMC showed a stronger relationship to poorer RAVLT scores in women versus men. Diagnosis-stratified analyses
revealed that results were driven by aMCI participants. Conversely, overall, greater self- and informant-reported SMC related
to greater odds of A� positivity regardless of sex. In diagnosis-stratified analyses, only informant-reported SMC related to
A� positivity in aMCI. Relative to “comparable estimates,” “underestimates” of SMC were associated with poorer RAVLT
scores across sexes in the overall sample and in aMCI. The predictive utility of self-report SMC may be limited to women in
aMCI. Sex differences should be considered when evaluating SMC.
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INTRODUCTION

Individuals with amnestic mild cognitive impair-
ment (aMCI) are particularly vulnerable to develop-
ing Alzheimer’s disease (AD) at a rate of 10 to 15%
per year [1, 2]. Diagnostic criteria for aMCI typically
include clinically-evident episodic memory impair-
ment (usually defined as 1.5 standard deviations [SD]
or more below normative means on memory tests),
normal activities of daily living, a failure to meet
dementia criteria, and subjective memory complaints
(SMC), preferably verified by an informant [1, 3].
SMC are included in aMCI criteria because they are
thought to reflect the initial effects of AD pathology
on cognitive functioning that are often not detected
using cross-sectional cognitive testing [4]. However,
utility of SMC in diagnostic criteria is challenged by
inconsistent associations between SMC and objective
memory performance in MCI [5–8]. Individuals with
MCI underestimate their memory decline suggesting
that self-perception of cognitive ability decreases as
AD advances [6, 7, 9, 10]. In cognitively normal older
adults, the expected pattern of increases in SMC as
memory performance decreases are often [7, 11], but
not always observed [5, 8, 9]. Thus, the accuracy of
SMC is inconsistent across groups and, therefore, its
clinical utility in predicting cognitive impairment is
controversial. It would be informative to determine
when SMC reflect actual performance and identify
non-cognitive factors influencing SMC accuracy.

Previously-identified factors influencing SMC and
their relationship to memory performance include
depressive symptoms [6, 7, 10, 12] and person-
ality factors (e.g., conscientiousness, neuroticism)
[12, 13]. Few studies have examined the influence
of sex on SMC despite significant sex differences in
1) rates of MCI [14, 15], 2) the MCI-to-AD trajec-
tory [16, 17], 3) psychological symptom reporting
[18–20], and 4) depression rates [21]. Prevalence
rates of SMC have been reported to be higher
in women than men [22, 23] but not consistently
[24, 25]. However, the moderating role of sex on
the relationship between SMC and memory perfor-
mance has yet to be examined. Evidence suggests
that because of the well-replicated female advan-
tage in verbal memory [26], women have a more
precipitous verbal memory decline in the normal-
to-AD trajectory. For example, the relative decrease
in Logical Memory scores between AD patients and
controls is 1.6 times greater in women versus men
[27]. Cognitive decline was estimated to be two times

more precipitous in MCI women versus MCI men
[16]. Moreover, women outperform men in verbal
memory when AD biomarker burden (e.g., cortical
amyloid-� (A�) burden) is low to moderate, but not
severe [17, 28, 29] suggesting a more accelerated
verbal memory decline in women versus men. Find-
ings raise the question of whether a more precipitous
memory decline in women is more perceptible to the
individual and others and, thus, whether SMC more
accurately reflects memory performance in women
than in men.

We examined how self- and informant-reported
SMC and the discrepancy between them relate to
memory performance and AD pathology (i.e., cor-
tical A� deposition) in normal control (NC) and
aMCI participants from the Alzheimer’s Disease
Neuroimaging Initiative (ADNI) and whether these
relationships differ by sex. Because the ability of
SMC to discriminate between NC and aMCI is ques-
tionable, primary analyses were conducted in the
overall sample as well as within diagnostic groups.
We hypothesized that greater self- and informant-
reported SMC would relate more strongly to poorer
verbal memory performance in women versus men,
but would relate to greater amyloid deposition simi-
larly in women and men. We hypothesized that results
in the overall sample would be driven by the aMCI
group whereby greater self- and informant-reported
SMC would relate to poorer memory performance
in aMCI women but not men. Conversely, greater
SMC would be associated with poorer verbal memory
performance similarly in NC women and men. We
further hypothesized that underestimation of one’s
memory performance relative to informant-report
would be associated with poorer verbal memory per-
formance in both women and men in the overall
sample and this association would be driven by the
aMCI group. In order to provide evidence that a
more precipitous verbal memory decline in aMCI
women versus men may underlie sex differences in
SMC accuracy, we sought to support findings consis-
tent with a more precipitous decline in women and
determine specificity of findings to verbal memory.
Specifically, we compared verbal memory for women
and men at quintiles of A� deposition and hypothe-
sized that the difference in memory from the highest
to lowest quintile would be larger in women versus
men. Lastly, we examined sex differences in the rela-
tionship between subjective and objective executive
function performance and expected no differences in
associations between men and women.
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METHODS

Participants and data source

Data were obtained from ADNI (http://adni.
loni.usc.edu). ADNI is a longitudinal, multi-site,
cohort study that began in 2003 as a public-private
partnership, led by Michael W. Weiner, MD. The
broad aim of ADNI is to test whether neuroimag-
ing markers, other biological markers, and clinical
and neuropsychological assessment can be com-
bined to measure the progression of MCI and
early AD. Information about ADNI is provided at
http://www.adni-info.org. ADNI was approved by the
institutional review board at each site and written
consent was obtained from all participants.

Our sample consisted of 940 ADNI-GO and
ADNI-2 participants (393 NC, 547 aMCI). Partici-
pants represent a subsample of the larger ADNI pop-
ulation who had concurrent verbal memory testing
and SMC. aMCI diagnostic criteria included MMSE
score between 24 and 30, CDR of 0.5, SMC (prefer-
ably verified by an informant), and objective memory
impairment as indicated by education-adjusted scores
on the Wechsler Memory Scale Logical Memory
II Delayed Recall (LM-Delayed), but no significant
impairment in non-memory cognitive domains or
interference in everyday activities [30]. Classification
as NC required a MMSE score between 24 and 30,
CDR of 0, no SMC beyond what one would expect
for age, and memory scores on LM-Delayed above
the cutoffs for memory impairment.

Neuropsychological outcomes

The Rey Auditory Verbal Learning Test (RAVLT)
was used to assess verbal memory [31]. This is a serial
word list-learning test that involves reading aloud 15
words and immediately instructing the participant to
recall as many words as possible for five succes-
sive trials (Immediate Recall score, range: 0–75).
A distractor list is read aloud once, followed by
free recall of the initial 15 words. Following a 30-
min delay, free recall of the original word list is
obtained (Delayed Recall score, range: 0–15). The
Immediate and Delayed Recall scores were our pri-
mary outcomes. In exploratory analysis that tested the
specificity of findings to the verbal memory domain,
the Trail Making Test (TMT) part B [32] was used to
assess executive function (e.g., mental flexibility, set-
shifting). The participant is presented with a sheet of

paper with randomly-placed circled numbers and let-
ters and instructed to draw a line alternating between
numbers and letters in numerical and alphabetical
order as quickly as possible. The outcome measure
was time to completion. Raw scores on the RAVLT
and TMT were converted into education-adjusted,
standardized z-scores based on means and SD of the
NC group.

Subjective cognitive complaints

Subjective cognitive complaints were assessed via
ECog, a 39-item questionnaire with 6 subscales
(everyday memory, language, visuospatial abilities,
planning, organization, divided attention) [33]. Ques-
tions assess an individual’s daily cognitive function
relative to years prior according to the following
scale: 1 = no change/performs better than 10 years
ago; 2 = occasionally performs the task worse than 10
years ago; 3 = consistently performs the task a little
worse than 10 years ago; 4 = performs the task much
worse than 10 years ago; 5 = do not know (treated
as missing). Higher scores reflect greater cognitive
decline. We used the memory subscale (eight items)
in primary analyses, and secondary analyses used the
organization subscale to reflect executive function
complaints.

Participants and study-partners (informants) indi-
vidually completed the questionnaire. Discrepancy
scores between self and informant reports were cal-
culated by subtracting the informant’s subscale score
from the participant’s subscale score. A positive
discrepancy score denotes overestimation of one’s
cognitive decline relative to their informant, whereas
a negative score denotes underestimation of one’s
cognitive decline relative to their informant. The
ECog questionnaire has been validated in MCI and
AD samples [33].

AD biomarker

Levels of cortical A� plaque deposition were avail-
able for a subset (n = 823) and were measured by
[18F]AV45 (florbetapir) positron emission tomogra-
phy (18F-AV45 PET) as described at http://www.
adni-info.org. Mean florbetapir uptake was mea-
sured within four regions (frontal, anterior/posterior
cingulate, lateral parietal, lateral temporal) and
standardized uptake value ratios (SUVRs) were cal-
culated by averaging across cortical regions and
dividing by the whole cerebellum. Participants were

http://adni.loni.usc.edu
http://adni.loni.usc.edu
http://www.adni-info.org
http://www.adni-info.org
http://www.adni-info.org
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dichotomized into A� positive and negative groups
based on a previously-established SUVR threshold
of 1.11 [34].

Procedure

Participants’ “screening” visit included adminis-
tration of the MMSE, the Clinical Dementia Rating
Scale (CDR), and the Geriatric Depression Scale
(GDS). Participants’ “baseline” visit occurred ∼28
days after “screening” and included administration
of the neuropsychological tests, ECog questionnaire,
and [18F]AV45 PET.

Statistical analyses

All analyses were conducted in the overall sam-
ple and within diagnostic group. Differences in
RAVLT scores, ECog scores, and A� positivity
between sexes were examined using analyses of vari-
ance/analyses of covariance (ANOVA/ANCOVA).
Correlational analyses were used to examine the rela-
tionship between self-reported ECog memory and
GDS scores separately in women and in men. We
conducted linear regressions to examine the indepen-
dent effects of ECog memory outcomes (i.e., self-
and informant-reported ECog memory scores and
discrepancy group) and their interactive effects with
sex on RAVLT Immediate and Delayed Recall z-
scores adjusting for age, education, ApoE genotype,
and diagnosis (overall sample only). Because the data
indicated a non-linear relationship between discrep-
ancy and RAVLT scores, the distribution of discrep-
ancy scores were categorized into equally-sized ter-
tiles in the overall sample that represented those who,
relative to their informant, either: 1) underestimated
their memory decline (scores < 0.0), 2) had compa-
rable memory decline estimates (scores = 0.0–0.5),
and 3) overestimated their memory decline (scores
> 0.5). The under- and overestimate groups were
compared to the reference group of comparable esti-
mates in regressions. Sex-stratified analyses were
conducted if the interaction term was significant at
p < 0.10. Interaction terms at p ≥ 0.10 were removed
from the model. We conducted logistic regressions to
examine the independent effects of ECog memory
outcomes (i.e., self- and informant-reported ECog
memory scores and discrepancy group) and their
interactive effects with sex on A� positivity.

To demonstrate evidence of a more precipitous
memory decline in women versus men, we created
sex-specific quintiles of [18F]AV45 SUVR. Sex dif-

ferences in RAVLT means were examined at each
SUVR quintile using ANOVA. We ran linear regres-
sions to examine the interactive effects of sex by
SUVR quintile on RAVLT scores with the quintile
variable treated as continuous (range: 0–5).

We repeated linear regressions using subjective
and objective scores for executive function (TMT
part B). Among the ECog subscale scores reflecting
complaints in executive function, ECog organization
showed the strongest correlation with TMT part B
(r = 0.19, p < 0.001) and, thus, were used in analyses.
The distribution of organization discrepancy scores
were categorized into equally-sized tertiles in the
overall sample that represented those who, relative to
their informant, either: 1) underestimated their orga-
nization decline (scores < 0.0), 2) had comparable
memory decline estimates (scores = 0.0–0.17), and 3)
overestimated their memory decline (scores > 0.17).
Linear regressions adjusting for age, education and
ApoE genotype and diagnosis (overall sample only)
examined the independent effects of ECog organi-
zation outcomes (self- and informant-reported ECog
organization scores and discrepancy group) and their
interactive effects with sex on TMT part B scores.
Analyses were performed using SPSS 24 (SPSS Inc.,
Chicago, Illinois); significance defined as p ≤ 0.05
(two-sided).

RESULTS

Sample characteristics

In the overall sample (n = 940), women were
younger, less educated, less likely to be white,
and reported more depressive symptoms than men
(ps < 0.05; Table 1). Men had a higher proportion of
individuals with aMCI (p = 0.001) and lower MMSE
scores (p = 0.03). As expected, the female verbal
memory advantage was evident for RAVLT Immedi-
ate and Delayed Recall (ps ≤ 0.001); however, SUVR
and rates of A� positivity were similar between
women and men (ps > 0.05).

In diagnosis-stratified analyses, women were
younger and less educated than men in both NC and
aMCI groups (ps < 0.05; Table 2). Women were less
likely to be white than men in the aMCI (p < 0.01),
but not NC group. The female verbal memory advan-
tage was evident for RAVLT Immediate and Delayed
Recall (ps ≤ 0.001) in both groups. Consistent with
previous studies [29, 35], SUVR and the prevalence
of A� positivity was higher in NC women versus
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Table 1
Sample characteristics by sex

Women Men p-value
N = 444 N = 496

Mean (SD) Mean (SD)

Demographics
Age 71.89 (6.93) 73.54 (6.83) <0.001
Education, y 15.74 (2.66) 16.68 (2.67) <0.001
Race (% Caucasian) 92.32 95.96 0.02
APOE4 carrier (%) 37.78 38.89 0.72
GDS total score 1.63 (1.56) 1.38 (1.40) 0.04

Objective Cognitive Outcomes
aMCI diagnosis (%) 52.70 63.10 0.001
MMSE score 28.55 (1.60) 28.32 (1.67) 0.03
RAVLT Immediate Recall 44.17 (11.40) 37.27 (11.25) <0.001
RAVLT Delayed Recall 6.93 (4.45) 5.00 (4.02) <0.001
TMT Part B 97.90 (56.72) 99.35 (54.63) 0.80

ECog Outcomes
Self-reported ECog memory score 1.99 (0.69) 2.03 (0.68) 0.30
Informant-reported ECog memory score 1.21 (0.75) 1.94 (0.80) <0.001
Memory discrepancy score 0.28 (0.75) 0.10 (0.79) <0.001
% Overestimation relative to informant 33.2 24.9 0.005
% Underestimation relative to informant 33.9 43.9 0.002
Self-reported ECog organization score 1.46 (0.58) 1.50 (0.57) 0.40
Informant-reported ECog organization score 1.38 (0.63) 1.52 (0.70) 0.001
Organization discrepancy score 0.08 (0.67) –0.01 (0.73) 0.06
% Overestimation relative to informant 34.3 28.2 0.05
% Underestimation relative to informant 55.2 60.6 0.11

AD Biomarker
[18F]AV45 SUVR 1.17 (0.21) 1.17 (0.21) 0.79
A� positivity (%) 49.40 47.30 0.56

Differences in sample characteristics between sexes were examined using analyses of variance/analyses of covari-
ance (ANOVA/ANCOVA) for continuous variables and chi-square tests for categorical variables. aMCI, amnestic
mild cognitive impairment; AD, Alzheimer’s disease; GDS, Geriatric Depression Scale; MMSE, Mini-Mental State
Exam; RAVLT, Rey Auditory Verbal Learning Test; SMC, subjective memory complaint; SUVR, standardized
uptake value ratio; A�, amyloid-�.

men (ps = 0.006), but were similar in aMCI men and
women (ps > 0.05).

Sex differences in SMC

Overall sample
Mean self-reported ECog memory scores did not

differ by sex (Table 1). Informant-reported ECog
memory scores were higher in men versus women
(p < 0.001), whereas discrepancy scores were higher
in women versus men (p < 0.001). The proportion of
individuals that overestimated their memory decline
relative to informants was higher in women versus
men (p = 0.005), whereas the proportion of individ-
uals that underestimated was higher in men versus
women (p = 0.002). Regardless of the limited GDS
range in the ADNI sample (GDS > 6 were excluded),
higher GDS scores were associated with higher self-
reported ECog memory scores in both men (r = 0.37,
p < 0.001) and women (r = 0.32, p < 0.001). GDS
scores did not correlate with RAVLT Immediate

(r = –0.05, p = 0.22) or Delayed (r = –0.05, p = 0.23)
Recall and, thus, were not adjusted for in regressions.

Diagnostic groups
Within the NC group, mean self- and informant-

reported ECog memory scores, mean discrepancy
scores, and the proportion of those who over- and
underestimate their memory decline (relative to infor-
mants) did not differ between men and women
(Table 2). Within the aMCI group, self-report ECog
memory scores did not differ between men and
women; however, informant-reported ECog memory
scores were higher in men versus women (p = 0.02).
Conversely, mean discrepancy scores were higher in
aMCI women versus aMCI men (p = 0.007). Relative
to informant-report, the proportion of aMCI individ-
uals that overestimated their memory decline was
higher in women versus men (p = 0.005), whereas the
proportion of individuals who underestimated their
memory decline was higher in men versus women
(p = 0.03). GDS scores were similarly associated
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Table 2
Sample characteristics by sex and diagnostic group

NC N = 393 aMCI N = 547
Women Men p-value Women Men p-value
N = 210 N = 183 N = 234 N = 313

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Demographics
Age 72.93 (5.55) 74.55 (6.31) 0.006 70.94 (7.89) 72.96 (7.05) 0.002
Education, y 15.96 (2.64) 17.10 (2.45) <0.001 15.53 (2.67) 16.44 (2.76) <0.001
Race (% Caucasian) 91.55 93.33 0.51 93.04 97.46 0.01
APOE4 carrier (%) 30.55 25.00 0.22 44.44 46.87 0.57
GDS total score 0.84 (1.35) 0.50 (0.95) 0.08 1.90 (1.54) 1.64 (1.41) 0.06

Objective Cognitive Outcomes
MMSE score 29.07 (1.22) 28.98 (1.31) 0.50 28.08 (1.75) 27.94 (1.73) 0.36
RAVLT Immediate Recall 48.52 (9.32) 42.72 (11.08) <0.001 40.15 (11.69) 34.13 (10.10) <0.001
RAVLT Delayed Recall 8.52 (3.70) 6.70 (4.16) <0.001 5.46 (4.58) 4.02 (3.60) <0.001
TMT Part B 86.37 (50.83) 82.43 (33.66) 0.36 108.37 (59.78) 109.35 (61.76) 0.80

ECog Outcomes
Self-reported ECog memory scores 1.65 (0.50) 1.65 (0.52) 0.89 2.30 (0.70) 2.26 (0.67) 0.41
Informant-reported ECog memory scores 1.31 (0.39) 1.38 (0.47) 0.16 2.08 (0.80) 2.25 (0.77) 0.02
Memory discrepancy scores 0.35 (0.49) 0.27 (0.57) 0.16 0.22 (0.92) 0.00 (0.87) 0.007
% Overestimation relative to informant 30.3 25.3 0.27 35.8 24.7 0.005
% Underestimation relative to informant 26.4 33.1 0.15 40.5 50.0 0.03
Self-reported ECog organization scores 1.32 (0.42) 1.31 (0.37) 0.99 1.60 (0.66) 1.61 (0.64) 0.93
Informant-reported ECog organization scores 1.16 (0.34) 1.20 (0.46) 0.68 1.57 (0.76) 1.71 (0.75) 0.05
Organization ECog discrepancy score 0.15 (0.44) 0.11 (0.46) 0.92 0.02 (0.82) –0.08 (0.85) 0.13
% Overestimation relative to informant 32.2 28.9 0.50 36.2 27.8 0.04
% Underestimation relative to informant 55.8 58.4 0.61 54.7 62.0 0.10

AD Biomarker
[18F]AV45 SUVR 1.13 (0.19) 1.08 (0.16) 0.006 1.21 (0.22) 1.22 (0.22) 0.58
A� positivity (%) 42.28 27.52 0.006 55.00 57.85 0.52

Differences in sample characteristics between sexes were examined using analyses of variance/analyses of covariance (ANOVA/ANCOVA)
for continuous variables and chi-square tests for categorical variables. NC, normal controls; aMCI, amnestic mild cognitive impairment;
AD, Alzheimer’s disease; GDS, Geriatric Depression Scale; MMSE, Mini-Mental State Exam; RAVLT, Rey Auditory Verbal Learning Test;
SMC, subjective memory complaint; CDR, Clinical Dementia Rating; SUVR, standardized uptake value ratio; A�, amyloid-�.

with self-reported ECog memory scores in men
and women in the NC (Women: r = 0.21, p = 0.04;
Men: r = 0.26, p = 0.01) and aMCI (Women: r = 0.20,
p < 0.001; Men: r = 0.25, p < 0.001) groups.

Sex differences in relationship between SMC and
verbal memory performance

Overall sample
Our hypothesis that the relationship between

SMC scores and memory performance would be
stronger in women was supported by a sex by
self-reported ECog memory scores interaction that
was significant for Immediate Recall (B = 0.20,
� = 0.19, SE = 0.10, p = 0.04) and a trend for Delayed
Recall (B = 0.16, � = 0.16, SE = 0.10, p = 0.09). The
association between self-reported ECog memory
scores and RAVLT scores was either only sig-
nificant in women (Immediate Recall; Fig. 1A)
or was significant in both sexes but stronger in
women (Delayed Recall) as reflected in steeper slopes
for women versus men in Fig. 2A. The sex by

informant-reported ECog memory scores interac-
tion was significant for both Immediate (B = 0.17,
� = 0.16, SE = 0.09, p = 0.04) and Delayed Recall
(B = 0.19, � = 0.19, SE = 0.08, p = 0.03). The asso-
ciations between informant-reported ECog memory
scores and RAVLT scores were stronger in women
versus men (Immediate Recall: Fig. 3A; Delayed
Recall: Fig. 4A). All significant sex by self- or
informant-reported ECog memory score interactions
were of a moderate and clinically-meaningful effect
size according to effect size heuristic for standardized
beta coefficients [36]. There were no sex by discrep-
ancy group interactions for RAVLT scores (ps > 0.05;
Table 3). Regardless of sex, under- or overestimation
of one’s memory decline relative to informant was not
associated with Immediate Recall (ps > 0.05); how-
ever, underestimation, but not overestimation, was
associated with poorer Delayed Recall (p = 0.02).

Diagnostic groups
In the NC group, there were no interactive effects

between sex and self- or informant-reported ECog
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Fig. 1. Self-reported ECog memory scores as a function of sex and RAVLT Immediate Recall in (A) the overall sample, (B) NC, and
(C) aMCI. RAVLT, Rey Auditory Verbal Learning Test; β, sex-specific standardized regression coefficient of the relationship between
self-reported ECog memory scores and RAVLT scores controlling for age, education, ApoE4, and diagnostic group (overall sample only).

memory score or discrepancy group on Imme-
diate or Delayed Recall (ps > 0.05). Regardless
of sex, higher self-reported ECog memory scores
were associated with poorer Immediate (B = –0.24,
�=–0.11, SE = 0.10, p = 0.01; Fig. 1B) and Delayed
(B = –0.38, �=–0.18, SE = 0.10, p < 0.001; Fig. 2B)
Recall and higher informant-reported ECog mem-
ory scores were associated with poorer Delayed
Recall (B = –0.27, �=–0.11, SE = 0.12, p = 0.02;
Fig. 4B); trend for Immediate Recall (B = –0.20,
�=–0.08, SE = 0.12, p = 0.09; Fig. 3B). There were
no associations between under- or overestimation of
one’s memory decline (relative to informant) and
RAVLT scores in the NC group (ps > 0.05).

In the aMCI group, there was a sex by self-reported
ECog memory score interaction for Immediate Recall

(B = 0.30, � = 0.31, SE = 0.13, p = 0.02; Fig. 1C), but
not for Delayed Recall (p = 0.24; Fig. 2C). Higher
self-reported ECog memory scores were associ-
ated with poorer Immediate Recall in aMCI women
(B = –0.22, � = –0.12, SE = 0.11, p = 0.04) but not in
aMCI men (p = 0.55). Regardless of sex, there was
no association between self-reported ECog memory
scores and Delayed Recall in aMCI (p = 0.32). There
was a sex by informant-reported ECog memory score
interaction for Delayed Recall (B = 0.20, � = 0.23,
SE = 0.11, p = 0.05; Fig. 4C); trend for Immedi-
ate Recall (B = 0.21, � = 0.22, SE = 0.11, p = 0.07;
Fig. 3C). Informant-reported ECog memory scores
were associated with Immediate and Delayed Recall
in both aMCI women and men; however, associa-
tions were stronger in women (Immediate Recall:
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Fig. 2. Self-reported ECog memory scores as a function of sex and RAVLT Delayed Recall in (A) the overall sample, (B) NC, and (C) aMCI.
RAVLT, Rey Auditory Verbal Learning Test; β, sex-specific standardized regression coefficient of the relationship between self-reported
ECog memory scores and RAVLT scores controlling for age, education, ApoE4, and diagnostic group (overall sample only).

B = –0.36, � = –0.23, SE = 0.09, p < 0.001; Delayed
Recall: B = –0.47, � = –0.31, SE = 0.09, p < 0.001)
versus men (Immediate Recall: B = –0.23, � = –0.17,
SE = 0.07, p = 0.001; Delayed Recall: B = –0.35,
� = –0.28, SE = 0.06, p < 0.001). In aMCI, there were
no sex by discrepancy group interactions for RAVLT
scores. Regardless of sex, underestimation, but not
overestimation, of one’s memory decline (relative to
informant) was associated with poorer Immediate and
Delayed Recall (ps < 0.01).

Sex differences in relationship between SMC and
AD biomarker

Overall sample
There were no interactive effects between sex

and self- or informant-reported ECog memory score
or discrepancy group on the odds of A� positiv-
ity (ps > 0.05; Table 4). Regardless of sex, higher
self- and informant-reported ECog memory scores
was associated with greater odds of A� positivity
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Fig. 3. Informant-reported Ecog memory scores as a function of sex and RAVLT Immediate Recall in (A) in the overall sample, (B) NC,
and (C) aMCI. . RAVLT, Rey Auditory Verbal Learning Test; β, sex-specific standardized regression coefficient of the relationship between
self-reported ECog memory scores and RAVLT scores controlling for age, education, ApoE4, and overall sample.

(p < 0.001), although this association was a trend for
self-reported ECog memory scores (p = 0.09). Under-
estimation, but not overestimation, one’s memory
decline (relative to informant) was associated with
greater odds of A� positivity (p = 0.04).

Diagnostic groups
There were no interactive effects between sex and

self- or informant-reported ECog memory scores or
discrepancy group on the odds of A� positivity in

the NC or aMCI groups (ps > 0.05). Regardless of
sex, self- or informant-reported ECog memory scores
or discrepancy group was not associated with odds
of A� positivity in the NC group (ps > 0.05). In the
aMCI group, self-reported ECog memory scores was
not associated with A� positivity (p = 0.15); however,
higher informant-reported scores were associated
with greater odds of A� positivity (p < 0.001).
Underestimation, but not overestimation, of one’s
memory decline relative to informant was also
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Fig. 4. Informant-reported Ecog memory scores as a function of sex and RAVLT Delayed Recall in (A) in the overall sample, (B) NC, and
(C) aMCI. . The interactive effect of sex x informant-reported ECog memory scores was significant for both RAVLT Immediate and Delayed
Recall (ps<0.05). RAVLT, Rey Auditory Verbal Learning Test; β, sex-specific standardized regression coefficient of the relationship between
self-reported ECog memory scores and RAVLT scores controlling for age, education, ApoE4, and diagnosis (overall sample only).

associated with greater odds of A� positivity in aMCI
(p = 0.01).

Sex differences in verbal memory performance
across [18F]AV45 SUVR quintiles

The sex by [18F]AV45 SUVR quintile inter-
action was not significant for Immediate Recall
(B = 0.05, � = 0.08, SE = 0.05, p = 0.31); however,
the decrease in mean Immediate Recall z-score

from quintile 1 to 5 was larger in women
(mean z-score decrease = –0.87 SUVR) versus men
(mean z-score decrease = –0.55). The sex by SUVR
quintile interaction was significant for Delayed
Recall (B = 0.13, � = 0.20, SE = 0.05, p = 0.01;
Fig. 3). The association between SUVR quintile
and Delayed Recall scores was stronger in women
(B = –0.18, � = –0.22, SE = 0.04, p < 0.001) ver-
sus men (B = –0.10, � = –0.13, SE = 0.04, p = 0.01).
Among individuals in quintiles one to four (indicative
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Table 3
Results of multivariable linear regression analyses modeling the independent effect of under- or overestimation of one’s memory decline

(relative to informant) and their interactive effects with sex on RAVLT scores

Underestimation versus Overestimation versus Sex X underestimation Sex X overestimation
comparable estimate comparable estimate
B, � (SE) p-value B, � (SE) p-value B, � (SE) p-value B, � (SE) p-value

Overall Sample
RAVLT –0.13, –0.05 (0.08) 0.13 0.04, 0.02 (0.09) 0.61 0.03, 0.01 (0.16) 0.85 0.16, 0.05 (0.17) 0.34

Immediate Recall
RAVLT Delayed –0.19, –0.08 (0.08) 0.02 0.00, 0.00 (0.09) 1.00 0.13, 0.05 (0.16) 0.41 0.16, 0.05 (0.17) 0.35

Recall
NC

RAVLT 0.15, 0.07 (0.12) 0.20 0.003, 0.001 (0.12) 0.98 0.17, 0.06 (0.24) 0.48 0.28, 0.08 (0.25) 0.25
Immediate Recall

RAVLT Delayed 0.04, 0.02 (0.12) 0.77 –0.22, –0.10 (0.12) 0.08 0.21, 0.07 (0.25) 0.39 0.40, 0.12 (0.25) 0.11
Recall

aMCI
RAVLT –0.31, –0.13 (0.11) 0.006 0.03, 0.01 (0.12) 0.79 –0.03, –0.01 (0.23) 0.90 0.05, 0.02 (0.25) 0.83

Immediate Recall
RAVLT Delayed –0.30, –0.14 (0.11) 0.005 0.15, 0.06 (0.12) 0.19 –0.002, –0.001 (0.22) 0.99 –0.16, –0.05 (0.24) 0.51

Recall

All analyses were adjusted for age, education, ApoE status and diagnosis (overall sample only). B, unstandardized regression coefficient;
�, standardized regression coefficient; SE, standard error; NC, normal controls; aMCI, amnestic mild cognitive impairment; RAVLT, Rey
Auditory Verbal Learning Test.

Table 4
Results of multivariable logistic regression analyses modeling the independent effects of ECog memory variables (i.e., self- and informant-

reported ECog memory scores and discrepancy group) and their interactive effects with sex on A� positivity

ECog Memory Variable Overall Sample NC aMCI
OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value

Model 1: Self-reported ECog memory scores
Self-reported ECog memory scores 1.24 (0.97–1.59) 0.09 1.11 (0.69–1.78) 0.66 1.25 (0.92–1.67) 0.15
Sex X self-reported ECog memory scores 1.30 (0.83–2.05) 0.25 0.72 (0.27–1.93) 0.52 1.07 (0.58–1.96) 0.83

Model 2: Informant-reported ECog memory scores
Informant-reported ECog memory scores 1.61 (1.26–2.05 <0.001 0.97 (0.55–1.72) 0.92 1.85 (1.38–2.48) <0.001
Sex X informant-reported ECog memory scores 1.26 (0.81–1.93) 0.30 0.82 (0.26–2.64) 0.74 0.99 (0.55–1.77) 0.97

Model 3: Discrepancy group
Underestimation versus comparable estimate 1.48 (1.02–2.15) 0.04 0.98 (0.56–1.78) 0.99 1.95 (1.18–3.24) 0.01
Overestimation versus comparable estimate 1.11 (0.74–1.65) 0.62 1.30 (0.72–2.33) 0.38 1.04 (0.60–1.81) 0.88
Sex X underestimation 1.18 (0.56–2.46) 0.67 2.76 (0.84–9.10) 0.10 0.39 (0.14–1.10) 0.07
Sex X overestimation 1.01 (0.46–2.26) 0.97 2.52 (0.73–8.64) 0.14 0.39 (0.13–1.20) 0.10

All analyses were adjusted for age, education, ApoE status, and diagnosis (overall sample only). OR, odds ratio; CI, confidence interval;
NC, normal controls; aMCI, amnestic mild cognitive impairment; A�, amyloid-�.

of mild-to-moderate amyloid deposition), women
outperformed men on RAVLT outcomes (ps < 0.05),
but, in the highest quintile (indicative of severe
amyloid deposition), this female advantage was
eliminated for Delayed Recall and diminished for
Immediate Recall.

Testing specificity of findings: Analysis of
executive function

In the overall sample, there were no sex differences
in self-reported, informant-reported or mean discrep-
ancy scores for ECog organization scores; however,
a higher proportion of women overestimated their

organization decline relative to informants (p = 0.05).
There were no interactive effects between sex
and self- or informant-reported ECog organiza-
tion scores or organization discrepancy group on
TMT part B (ps > 0.05). Higher self- and informant-
reported ECog organization scores were similarly
related to poorer TMT Part B performance in
men (self-reported: B = 0.47, � = 0.22, SE = 0.09,
p < 0.001; informant-reported: B = 0.28, � = 0.14,
SE = 0.09, p = 0.003) and women (self-reported:
B = 0.29, � = 0.13, SE = 0.10, p = 0.005; informant-
reported: B = 0.33, � = 0.19, SE = 0.07, p < 0.001).
Regardless of sex, under- or overestimation of one’s
organization decline was not associated with TMT
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Part B scores (ps > 0.05). Results were unchanged
within diagnostic groups.

Sex X ApoE interaction

Because of evidence indicating a moderating role
of sex on the effects of ApoE on AD-related outcomes
[37–39], all analyses were repeated while adjusting
for a sex by ApoE interaction and results remained
the same.

DISCUSSION

Findings show that the sex of the participant
impacts the ability of SMC to predict impairment
on objective memory tests in aMCI. As hypothe-
sized, the significant relationship between self- and
informant-reported SMC and verbal memory perfor-
mance was stronger in women versus men in the
overall sample; however, this finding was driven by
the aMCI group. Similar to most previous findings,
we found that higher self-reported SMC was asso-
ciated with poorer memory in NC regardless of sex.
Conversely, self-reported SMC were associated with
verbal memory performance in aMCI women but
not aMCI men. This result suggests that the lack of
association between subjective and objective mem-
ory performance in MCI in previous studies may be
driven by over-representation of men or because of an
effect dilution due to failure to consider sex. Given the
higher prevalence of aMCI in men versus women [14,
15], men likely represent the majority in most aMCI
samples. This was true of our ADNI sample where
men comprised 57% of the sample. Results highlight
the importance of considering sex when examining
the clinical utility of SMC and suggest that sex dif-
ferences may contribute to disparate findings across
previous studies.

We found a relationship between higher self-
reported SMC and poorer memory in NC suggesting
that SMC is beneficial in detecting early cognitive
decline. However, the relationship between higher
SMC and poorer memory was weaker (i.e., Imme-
diate Recall) or non-existent (i.e., Delayed Recall)
in aMCI. Findings were opposite with informant-
reported SMC. Higher informant-reported SMC was
associated with poorer memory in aMCI, but this
relationship was weaker (i.e., Delayed Recall) or non-
existent (i.e., Immediate Recall) in NC. These results
provide converging evidence that self-reported SMC
can reflect objective memory in healthy, older adults,
and may be superior to informant-reported SMC,

but self-perception of cognitive ability decreases
as disease develops. We extend these findings by
demonstrating that, among individuals with aMCI,
self-reported SMC may continue to have predictive
value in women only.

Consistent with hypotheses, we found that
underestimating one’s memory decline relative to
informant-report was associated with poorer verbal
memory performance in aMCI and this association
was similar in women and men. This finding provides
further support for the theory that underestimation is
a harbinger for cognitive decline. Conversely, overes-
timation of one’s memory decline was not associated
with verbal memory performance across or within
diagnostic groups. Edmonds et al. [6] previously
found that that one-third or more of individuals that
were diagnosed with MCI using conventional diag-
nostic criteria perform normally on more extensive
cognitive testing despite their MCI diagnosis. This
“cognitively-normal” MCI subgroup overestimated
their cognitive problems relative to their informant
[6]. Together, findings suggest that overestimation
of cognitive deficits may be characteristic of normal
cognitive aging. Overestimation was more preva-
lent in women versus men and this may reflect a
gender bias in reporting health-related symptoms.
Evidence suggests that women endorse more health-
related symptoms than men that are not correlated
with objective measures of health possibly due to gen-
der differences in willingness to disclose discomfort
or sensitivity to minor health-related perturbations
[40, 41]. Given women’s tendency to overestimate
cognitive compromise in normal cognitive aging,
underestimating may be more meaningful and reflec-
tive of real cognitive decline in women versus men.

Biological and/or psychosocial factors could
explain the sex difference we observed. Depressive
symptoms were higher in women, but likely do not
underlie the sex difference since they related similarly
to SMC in men and women. As mentioned previously,
there is a gender difference in reporting health-related
symptoms which may underlie the higher rates of
SMC overestimation in women versus men; however,
it likely does not underlie the greater predictive util-
ity of informant-reported SMC in women versus men
since it is reasonable to assume that the majority of
women’s informants were a male spouse (although
sex of the informant was unavailable).

As mentioned previously, another potential expla-
nation for the sex difference may be a more
precipitous and perceptible memory decline in
women versus men in the aMCI to AD transition.
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We found a significant sex by A� quintile interac-
tion on Delayed Recall where women outperformed
men at lower quintiles of A� deposition, yet men
and women performed similarly at the highest quin-
tile. This interaction suggests women have greater
and more accelerated disease-related decline in ver-
bal memory. The more precipitous decline in women
despite their initial advantage in verbal memory is
consistent with the cognitive reserve theory. This
theory proposes that favorable premorbid factors
(e.g., advanced education) confer a “reserve” capac-
ity to engage compensatory brain networks and/or
cognitive strategies as to maintain cognition despite
encroaching brain pathology [42–44]. Those with
higher cognitive reserve are better able to delay
clinical onset of cognitive impairment until a later
disease stage [42–44]; however, once brain pathology
depletes brain resources past a threshold level, cogni-
tive decline begins and is more accelerated because of

the more advanced pathology. The female advantage
in verbal memory may serve as a form of cognitive
reserve allowing women to maintain normal verbal
memory operations for longer than men despite com-
parable AD pathology [17, 28, 29]. In support of this
theory, [18F]AV45 SUVR and the prevalence of A�
positivity was higher in NC women versus men sug-
gesting that women are better able to maintain normal
verbal memory performance despite accumulating
pathology. However, women may have more acceler-
ated decline after pathology reaches a threshold point
[43, 44] which appears to be quintile 3 (Fig. 3).

Our hypothesis that greater self- or informant-
reported SMC would relate to greater odds of A�
positivity similarly in women and men was supported
in the overall sample. This finding is somewhat coun-
terintuitive given that self- and informant-reported
SMC were more predictive of memory performance
in women than men; however, it is consistent with the

Fig. 5. Sex differences in RAVLT Immediate (A) and Delayed (B) Recall scores across [18F]AV45 SUVR quintiles. *p < 0.05, **p < 0.01,
***p < 0.001.
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possibility that greater cognitive reserve may delay
onset of memory decline in women despite accumu-
lating AD pathology. A delayed onset of memory
decline despite accumulating pathology in women
would create a misalignment between memory and
AD biomarkers, whereas, in men, the trajectories of
memory decline and advancing pathology are more
linear and concordant. In diagnosis-stratified analy-
ses, informant-reported scores were associated with
the odds of A� positivity in both aMCI women and
men; however, self-reported SMC were not related to
A� positivity in either diagnostic group. This could
be due to a weak relationship that is undetectable
when statistical power decreases in diagnosis-specific
analyses. However, the weak A� and SMC relation-
ship is expected given reports of no relationships
between A� and subjective and objective memory in
NC [45–47], and the low variability in SMC in aMCI
considering that SMC is required for aMCI diagnosis.

In contrast to our findings with SMC, ECog orga-
nization scores were consistently associated with
executive function performance in both NC and aMCI
men and women suggesting that individuals may be
more perceptive of declines in executive function per-
haps because of the large degree to which executive
function contributes to everyday activities. This dis-
parity in findings suggests that the sex differences in
the relationship between subjective cognitive com-
plaints and objective performance does not generalize
to all cognitive domains and may be specific to verbal
memory. The fact that the executive function domain
does not typically show a sex difference may support
our theory that a female-specific cognitive reserve in
verbal memory may contribute to our sex difference
findings with memory.

Strengths of the current study include 1) use of sex
by SMC interaction terms and sex-stratified analy-
ses to examine a sex difference in SMC utility in a
large cohort of cognitively normal older adults and
those with MCI; 2) comparison of SMC to an AD
biomarker in addition to objective memory perfor-
mance; and 3) testing the generalizability of results to
executive function. A limitation is that cross-sectional
analysis precluded examination of sex differences in
the relationship between change in subjective and
objective memory performance over time. Another
limitation is that results cannot be easily generalized
to other types of memory or to populations that dif-
fer significantly from the predominantly white and
well-educated convenience sample of ADNI.

In summary, our results are consistent with the
broader literature in finding that self-reported SMC

predict memory performance in NC, suggesting
that they may be a harbinger of later cognitive
decline. However, the predictive ability of self-
reported SMC in aMCI is limited to women. This
sex difference may contribute to disparities in find-
ings from previous studies of SMC to the degree
that studies vary in the proportion of men they con-
tain. A more precipitous and perceptible decline in
verbal memory with advancing AD pathology in
women than in men may underlie the sex differ-
ence in the clinical utility of SMC. Taken together,
these results indicate the importance of conduct-
ing sex-stratified analyses when examining SMC
and their correlates. From a clinical perspective, the
requirement for SMC in aMCI diagnostic criteria is
challenged given its dependence on sex, its relation-
ship to other previously-identified correlates (e.g.,
depressive symptoms), and variable self-awareness
or memory changes. Clinicians should consider the
patient’s sex when evaluating SMC.
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[42] Östlin P, George A, Sen G, Evans T, Whitehead M, Diderich-
sen F, Bhuiya A, Wirth M (2001) Gender, health, and equity:
The intersections, challenging inequities in health: From
ethics to action. Oxford University Press, New York, NY.

[43] Klonoff EA & Landrine H (1992) Sex roles, occupational
roles, and symptom-reporting: A test of competing hypothe-
ses on sex differences. J Behav Med 15, 355-364.

[44] Stern Y, Gurland B, Tatemichi TK, Tang MX, Wilder D,
Mayeux R (1994) Influence of education and occupation
on the incidence of Alzheimer’s disease. JAMA 271, 1004-
1010.

[45] Stern Y (2002) What is cognitive reserve? Theory and
research application of the reserve concept. J Int Neuropsy-
chol Soc 8, 448-460.

[46] Stern Y, Zarahn E, Hilton HJ, Flynn J, DeLaPaz R, Rakitin
B (2003) Exploring the neural basis of cognitive reserve.
J Clin Exp Neuropsychol 25, 691-701.

[47] Rowe CC, Ellis KA, Rimajova M, Bourgeat P, Pike KE,
Jones G, Fripp J, Tochon-Danguy H, Morandeau L, O’Keefe
G, Price R, Raniga P, Robins P, Acosta O, Lenzo N, Szoeke
C, Salvado O, Head R, Martins R, Masters CL, Ames D,
Villemagne VL (2010). Amyloid imaging results from the
Australian Imaging, Biomarkers and Lifestyle (AIBL) study
of aging. Neurobiol Aging 31, 1275-1283.


