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(APOE) ε4 genotype on incident mild cognitive impairment (MCI) were examined for men and
women separately.
Methods: Cognitively normal participants with and without SCD were included from the first
follow-up examination of the population-based Heinz Nixdorf Recall study. Sex-stratified logistic
regression models estimatedmain effects and interactions (additive, multiplicative) of SCD at the first
follow-up (yes1/no2) and APOE ε4 (positive1/negative2) groups for MCI 5 years later.
Results: Odds forMCI 5 years later were higher in SCD/APOE ε4 group1/1 than the sum of groups
1/2 and 2/1 in women, with a trend for positive interaction. Odds for incident MCI in men was
highest in group 1/2, with no interaction effect.
Discussion: Our findings indicate thatAPOE ε4may play an important role in the association of SCD
and incident MCI, especially considering sex. Further studies need to examine these associations with
larger sample sizes.
� 2019 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

Identification of populations with elevated risk of
developing dementia for early prevention strategies at an
asymptomatic stage is of high public health relevance. The
apolipoprotein E (APOE) ε4 allele is not only the main
genetic risk factor for Alzheimer’s disease (AD) but also
for earlier stages such as mild cognitive impairment (MCI)
[1,2]. There is evidence pointing toward the APOE ε4
genotype influencing cognition even in a pre-MCI state.
Subjective cognitive decline (SCD) is proposed to be such
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a preclinical stage defined by self-perceived cognitive
worsening, while cognitive performance is not impaired.
Some studies report SCD as a risk factor for memory
decline, MCI, and AD [3,4], whereas other studies report
no association with cognitive decline [5]. It is well known
that sex plays an important role in AD research. Studies
show higher MCI and AD prevalence in women [6,7].
Sex-specific differences are known to occur in the course
of dementia [1,8] and even male and female brains show
structural differences altering dementia-related processes
[9]. Nevertheless, sex-stratified analyses in AD research
and especially SCD are rare and often report heterogeneous
results. For sex and APOE ε4 genotype, some studies
indicate a sex-dependent APOE ε4 risk for AD [10], whereas
other studies report no interaction with sex [11]. For SCD
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and APOE ε4 genotype, one study reported positive joint
effects leading to accelerated cognitive decline [12]. There
are no studies examining this association regarding the risk
of MCI, especially not considering sex. Therefore, we
examined the joint effects of SCD and APOE ε4 genotype
for the risk of incident MCI in men and women separately.
We sought to characterize our analysis sample and the
general cognitive performance for SCD investigation.
Then, we examined the sex-stratified associations of SCD
and APOE ε4 genotype groups with incident MCI after 5
years. For a comprehensive understanding, we examined
the association of SCD and incident MCI in APOE ε4
carriers and noncarriers. Possible interaction effect of SCD
and APOE ε4 genotype on incident MCI was examined.
With the insights from these analyses, we aim to contribute
to a better specification and identification of potential at risk
populations that are suitable for early intervention.
n=1198 no MCI/incident MCI at t2

Analysis sample

Fig. 1. A sample flowchart for the present study. Abbreviations: APOE,

apolipoprotein E; MCI, mild cognitive impairment; SCD, subjective

cognitive decline; t1, first follow-up examination; t2, second follow-up

examination.
2. Methods

2.1. Study population

In the Heinz Nixdorf Recall (Risk Factors, Evaluation of
Coronary Calcification, and Lifestyle) study, participants
were randomly sampled in three cities in Germany. The study
design has previously been described [13,14]. Briefly, 4814
participants aged 45 to 75 years were enrolled between
2000 and 2003 (t0, baseline). Participants were not
examined regarding their cognitive performance at t0.
Participants were invited for follow-up examinations every
5 years (t1, n 5 4157, 2005–2008; t2, n 5 3087, 2010–
2015). A standardized cognitive performance assessment
was not conducted at t0 and was first introduced at t1, the first
follow-up examination. The cognitive assessment was
extended for the second follow-up examination, t2. The anal-
ysis sample was selected as shown in Fig. 1. The following
definitions were used for exclusion of participants based on
cognitive impairment, clinically relevant depressive symp-
toms, and dementia. Cognitive impairment at t1 was defined
as a performance of one standard deviation (SD) below the
age- and education-adjusted mean except for the clock-
drawing test, where a performance �3 was rated as impaired
(for a detailed description, see the study by Winkler et al.
[15]). A Center for Epidemiologic Studies Depression scale
score of �18 was defined as clinically relevant depressive
symptoms (CES-D, see 2.5 [16]). Dementia diagnosis was
defined as a previous physician’s diagnosis of dementia,
meeting the DSM-IV (Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition [17]) dementia diagnosis
criteria or taking cholinesterase inhibitors (anatomic-
therapeutic-chemical classification issued by the World
Health Organization [8], code: N06DA) or other antidementia
drugs (N06DX). All participants provided written informed
consent. The study was approved by the University of
Duisburg-Essen Institutional Review Board and followed
established guidelines of good epidemiological practice.
2.2. Cognitive assessment procedures

The extended cognitive performance assessment con-
sisted of eight subtests: (1) immediate and (2) delayed
word list, (3) Labyrinth test, (4) verbal fluency “animals”,
(5) clock-drawing test, (6,7) Trail Making Test A and B,
(8) Color-Word test (card 1, card 2, difference card 3–card
2). For a detailed description of tests (1) to (5), see the study
by Wege et al. [18] and for the extended cognitive
assessment (6) to (8), see the study by Tebr€ugge et al.
[19]. For the five subtests that have already been used at
t1, we performed z-transformation of the raw data at t2 using
our own defined norm-data from t1: raw data were
z-transformed based on the mean and SD of the appropriate
age and education group at t1 (age: 50–59 years, 60–69 years,
and �70 years; education: �10 years, 11–13 years, and
�14 years). For the subtests of the extended cognitive
performance assessment, z-transformation was based on
the same education groups from t1 and the following three
age groups from t2: 55–64 years, 65–74 years, and
�75 years. Except for the clock-drawing test, the age- and
education-adjusted test scores were scaled to have a mean
of 10 and an SD of 3 [20]. Tests were grouped into four
domains: (1) attention—Trail Making Test A, Color-Word
test card 1 and card 2; (2) executive function—Trail
Making Test B, Labyrinth test, Color-Word test
interference performance, verbal fluency; (3) verbal
memory—eight-word list immediate and delayed recall;
(4) visuoconstruction—clock-drawing test. Within each
domain, newly scaled scores of the tests were added.
To account for the differing numbers of tests in each



D. M€uller-Gerards et al. / Alzheimer’s & Dementia: Diagnosis, Assessment & Disease Monitoring 11 (2019) 221-230 223
domain, domain scores were then scaled to have a mean of
10 and a SD of 3. Cognitive impairment was defined as a
performance of more than one SD below the mean (�7) in
at least one total domain score of the domains attention,
executive function, verbal memory, or as a score of �3 in
visuoconstruction [21].

2.3. Definition of SCD and MCI

Subjective cognitive decline was assessed at t1 with the
question: “In comparison to two years ago, would you rate
your memory function as better, same or worse?” Subjective
cognitive decline was defined as present if the participant’s
answer was “worse”. Participants responding “better” or
“same” were defined as not having SCD.

The outcome variable was MCI assessed at t2. The MCI
diagnosis was based on meeting all of the following
published MCI criteria [22]: (1) cognitive impairment in at
least one of the above reported four domains; (2) subjective
cognitive decline; (3) normal functional abilities and daily
activities; (4) no dementia diagnosis. To examine incident
MCI, participants with MCI at t1 were excluded as reported
previously (Fig. 1). Participants at t2 not meeting MCI
criteria as described above were categorized as “no MCI”.

2.4. Apolipoprotein E

Cardio-MetaboChip BeadArrays were used for
genotyping of two single-nucleotide polymorphisms
(rs7412 and rs429358) to discriminate between the
APOE alleles ε2, ε3, and ε4. Participants defined as
APOE ε4–positive had at least one allele 4 (2/4, 3/4, 4/4).
All other participants were defined as APOE ε4–negative.

2.5. Assessment of covariates

Information about participants’ socioeconomic status was
collected by computer-assisted interviews. Education
was defined according to the International Standard
Classification of Education based on total years of formal
education, combining school, and vocational training [23].
The four education categories were �10 years, 11–13 years,
14–17 years, and �18 years. Depressive symptoms were
measured using the 15-item short assessment form of the
German version of the CES-D [16,24].

2.6. Statistical analysis

All analyses were conducted separately for men and
women. Participants with and without SCD at t1 were
compared regarding sociodemographic characteristics and
performance on cognitive tests at t2 using Mann-Whitney
U tests or Pearson’s chi square tests, as appropriate.

For logistic regression analyses, we defined the
following four groups to examine possible joint effects of
SCD at t1 and APOE ε4 genotype on MCI 5 years later
at t2: participants without SCD and APOE ε4–negative
genotype (group A, reference group), participants with
SCD only (group B, single-risk), participants with APOE
ε4–positive genotype only (group C, single-risk) and
participants with SCD and APOE ε4–positive genotype
(group D, high-risk). We performed binomial logistic
regression models to estimate odds ratios (ORs) and their
95% confidence interval (CI) for all groups and the risk
of MCI 5 years later (unadjusted and adjusted for age
[t2], education and score on CES-D [t2]). We checked
for possible additive effects comparing the OR of the
high-risk group to the added ORs of both single-risk
groups. This was further examined calculating the relative
excess risk due to interaction (RERI) using the formula:

RERI 5 ORðgroup DÞ2ORðgroup CÞ2ORðgroup BÞ 1 1

The 95% CIs for RERI were obtained using the delta
method, with RERI 5 0 as reference and positive and
negative scores indicating a positive or negative interaction,
respectively [25].

Logistic regression models were calculated to examine
the association of SCD at t1 and MCI 5 years later at t2 in
APOE ε4 genotype groups (unadjusted, adjusted for age
[t2], education, and score on CES-D [t2]). Odds ratios for
incident MCI in APOE ε4–positive participants with SCD
were compared with ORs in APOE ε4–negative participants
with SCD. This was further investigated calculating the
measure of interaction on a multiplicative scale based on
the following logistic regression model:

ln½p=ð12pÞ� 5 b01b1 � SCD1 b2

�APOE ε4 1 b3 � SCD � APOE ε4

p/(12p) were the odds of the outcome and b3 was the
regression coefficient of the modification effect on a
multiplicative scale [26]. A score of 1 describes no
interaction, a score smaller than 1 indicates a negative
interaction and a score of more than 1 indicates a positive
interaction.

Post hoc power analyses were performed to identify the
minimum sample size per group that was needed to reach
a statistically significant result with a power of
1 2 b 5 0.8. Level of significance was set a priori as
a 5 0.05. Analyses were conducted using IBM SPSS
Statistics 25.0 and R Statistical Software (version 3.4.2;
R Foundation for Statistical Computing, Vienna, Austria).
3. Results

Table 1 shows the sociodemographic characteristics of
participants without and with SCD stratified for sex and
APOE ε4 status. Male APOE ε4–positive participants without
SCD did not differ in any characteristic compared with male
APOE ε4–positive participants with SCD. APOE ε4–negative
men without SCD showed lower scores on the CES-D for
both examinations and a lower percentage of incident MCI
cases compared with APOE ε4–negative men with SCD.



Table 1

Sex-stratified sociodemographic characteristics in total and for APOE 34–positive and –negative SCD2/SCD1 participants

Sociodemographic characteristics Total

APOE 34–positive*

P valuey

APOE 34–negative

P valuey

SCD2 SCD1 SCD2 SCD1

Men n 5 605 n 5 117 n 5 34 n 5 361 n 5 93

Age (Years), t2 68.15 6 6.9 67.26 6 6.9 68.56 6 6.7 .28 68.10 6 6.9 69.33 6 7.1 .14

Educationz

� 10 Years 22 (4) 2 (2) 3 (9) .11 12 (3) 5 (5) .77

11–13 Years 243 (40) 49 (42) 9 (27) 146 (40) 39 (42)

14–17 Years 210 (35) 38 (33) 12 (35) 128 (36) 32 (34)

� 18 Years 130 (22) 28 (24) 10 (29) 75 (21) 17 (18)

Score On Depression Scale (CES-D)x, t1 5.27 6 3.7 5.00 6 3.7 6.50 6 4.5 .08 4.86 6 3.5 6.75 6 4.0 ,.001

Score On Depression Scale (CES-D)x, t2 5.08 6 4.1 5.22 6 4.1 6.00 6 4.6 .43 4.65 6 3.8 6.25 6 4.5 .002

Incident MCI, t2 55 (9) 10 (9) 5 (15) .29 23 (6) 17 (18) ,.001

Women n 5 593 n 5 108 n 5 49 n 5 320 n 5 116

Age (Years), t2 67.45 6 6.8 66.89 6 7.5 69.45 6 6.8 .028 67.43 6 6.6 67.18 6 6.7 .69

Educationz

� 10 Years 43 (7) 7 (7) 6 (12) .38 24 (8) 6 (5) .38

11–13 Years 390 (66) 66 (61) 29 (59) 221 (69) 74 (64)

14–17 Years 81 (14) 22 (20) 6 (12) 35 (11) 18 (16)

� 18 Years 79 (13) 13 (12) 8 (16) 40 (13) 18 (16)

Score On Depression Scale (CES-D)x, t1 6.09 6 4.2 5.56 6 4.1 6.92 6 4.4 .045 5.82 6 4.2 6.97 6 4.3 .012

Score On Depression Scale (CES-D)x, t2 5.99 6 4.2 5.57 6 3.9 7.61 6 4.8 .015 5.56 6 4.1 6.91 6 4.3 .002

Incident MCI, t2 43 (7) 7 (7) 10 (20) .011 16 (5) 10 (9) .17

Abbreviations: APOE, apolipoprotein E; CES-D, Center for Epidemiologic Studies Depression Scale; MCI, mild cognitive impairment; SCD (1/2), with

and without subjective cognitive decline; t1, first follow-up examination; t2, second follow-up examination.

NOTE. Data are presented as means (6standard deviation) or numbers (%) unless otherwise indicated.

*APOE 34–positive 5 at least one 4 allele (2/4, 3/4, 4/4).
yComparisons between SCD groups calculated using Mann-Whitney-U test and Pearson’s chi square test, as appropriate.
zOwing to rounding, percentages do not always total 100.
xParticipants with a score of �18 were excluded.
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Female APOE ε4–positive participants without SCD were
significantly younger, had a lower percentage of incident
MCI cases and showed lower scores on the CES-D for both
examinations compared with female APOE ε4–positive
participants with SCD. APOE ε4–negative women without
SCD showed lower scores on theCES-D for both examinations
in comparison with APOE ε4–negative women with SCD.

Table 2 shows the cognitive performance of
participants without and with SCD stratified for sex
and APOE ε4 status. Male APOE ε4–positive
participants without SCD did not differ from male
APOE ε4–positive participants with SCD in any cognitive
test performed. APOE ε4–negative men without SCD
performed significantly better than APOE ε4–negative
men with SCD in verbal fluency. Female APOE
ε4–positive participants without SCD did not differ
from APOE ε4–positive female participants with SCD
in any cognitive test performed. APOE ε4–negative
women without SCD performed significantly better than
APOE ε4–negative women with SCD in 8-word list
(delayed) and Trail Making Test B.

Results of binary logistic regression analyses for men
are shown in Table 3. The regression model calculating
ORs for incident MCI for groups B, C, and D with group
A as reference group showed the highest OR for group B.
The high-risk group D showed a lower OR. For group C,
we observed the lowest OR. This was present in
unadjusted as well as adjusted models. Odds ratio for
incident MCI in the high-risk group was almost half of
the sum of single-risk group ORs. No additive effects
of SCD and APOE ε4–positive genotype were observed,
although RERI scores showed an insignificant negative
tendency with broad CIs. APOE ε4–negative men with
SCD showed almost 2-fold higher ORs compared with
APOE ε4–positive men with SCD (see right column,
Table 3). The multiplicative scale showed the same
tendency for the adjusted model.

Results of binary logistic regression analyses for women
are shown in Table 4. The regression model calculating the
ORs for incident MCI for groups B, C, and D with group
A as reference group showed the highest OR for the
high-risk group D. For group C, we observed the lowest
OR. This was present in unadjusted as well as adjusted
models. The OR for incident MCI in the high-risk group
was higher than the added ORs of the single-risk groups.
This additive association was also represented by positive
RERI scores showing a trend for a positive interaction of
SCD and APOE ε4 genotype with broad CIs. This was
present for the unadjusted as well as adjusted models.
APOE ε4–positive women with SCD showed an almost
2-fold higher OR compared with APOE ε4–negative women
with SCD (see right column, Table 4). The multiplicative



Table 2

Sex-stratified scores of cognitive performance at t2 in total and for APOE ε4–positive and –negative SCD2/SCD1 participants

Cognitive domains Total

APOE ε4–positive*

P valuey

APOE ε4–negative

P valuey

SCD2 SCD1 SCD2 SCD1

Men n 5 605 n 5 117 n 5 34 n 5 361 n 5 93

Verbal memoryz

Immediate recall 5.58 6 1.1 5.60 6 1.2 5.35 6 1.1 0.29 5.58 6 1.1 5.60 6 1.1 0.82

Delayed recall 3.93 6 1.8 3.85 6 1.8 3.76 6 1.7 0.70 3.99 6 1.7 3.83 6 1.8 0.38

Executive function

Problem solving/speed of processingx 44.89 6 20.1 45.22 6 18.5 47.44 6 15.8 0.23 44.18 6 21.2 46.31 6 19.1 0.09

Verbal fluency{ 24.82 6 6.3 25.55 6 6.4 24.00 6 7.1 0.21 25.09 6 6.3 23.17 6 5.2 0.009

Speed of processing/visual search/mental

flexibility#
108.66 6 56.2 104.76 6 48.6 117.18 6 66.9 0.52 107.62 6 56.5 114.47 6 59.7 0.25

Selective attention/interference

performance**

24.76 6 16.4 25.92 6 20.9 25.24 6 10.7 0.43 24.13 6 15.6 25.55 6 14.7 0.29

Visuoconstruction

Impaired visual spatial organizationyy 70 (12) 10 (9) 5 (15) 0.29 39 (11) 16 (17) 0.09

Attention

Speed of processingzz 40.35 6 16.2 38.13 6 12.6 38.91 6 13.0 0.79 40.86 6 17.9 41.68 6 13.8 0.19

Color word readingxx 14.89 6 2.8 14.50 6 2.66 15.24 6 2.83 0.17 14.93 6 2.9 15.12 6 2.9 0.52

Color naming{{ 22.84 6 4.7 22.55 6 4.51 23.32 6 3.96 0.24 22.74 6 4.4 23.44 6 5.8 0.88

Women n 5 593 n 5 108 n 5 49 n 5 320 n 5 116

Verbal memoryz

Immediate recall 5.76 6 1.2 5.82 6 1.2 5.78 6 1.1 0.98 5.68 6 1.2 5.92 6 1.2 0.06

Delayed recall 4.33 6 1.7 4.45 6 2.0 4.35 6 1.7 0.68 4.20 6 1.7 4.58 6 1.7 0.035

Executive function

Problem solving/speed of processingx 48.80 6 27.1 48.66 6 27.3 45.20 6 20.5 0.91 50.03 6 28.7 47.07 6 24.7 0.54

Verbal fluency{ 25.04 6 5.8 25.00 6 5.8 24.65 6 7.5 0.93 25.26 6 5.6 24.64 6 5.5 0.45

Speed of processing/visual search/mental

flexibility#
106.30 6 54.8 102.19 6 51.3 124.43 6 70.4 0.06 109.18 6 56.8 94.53 6 41.1 0.017

Selective attention/interference

performance**

22.89 6 13.0 21.83 6 10.0 22.49 6 9.5 0.73 23.39 6 13.8 22.64 6 14.3 0.23

Visuoconstruction

Impaired visual spatial organizationyy 93 (16) 12 (11) 10 (20) 0.12 55 (17) 16 (14) 0.40

Attention

Speed of processingzz 39.25 6 15.3 36.82 6 15.0 39.59 6 12.4 0.06 40.31 6 16.7 38.44 6 12.5 0.63

Color word readingxx 14.78 6 2.9 14.70 6 2.18 15.59 6 4.2 0.46 14.65 6 3.0 14.84 6 2.5 0.16

Color naming{{ 21.64 6 4.0 21.78 6 3.91 21.04 6 3.2 0.22 21.56 6 4.08 21.99 6 4.0 0.27

Abbreviations: APOE, apolipoprotein E; MCI, mild cognitive impairment; SCD (1/2), with and without subjective cognitive decline; t2, second follow-up

examination.

NOTE. Data are presented as means (6standard deviation) or as numbers (%) of participants unless otherwise indicated.

*APOE ε4–positive 5 at least one 4 allele (2/4, 3/4, 4/4).
yComparisons between SCD groups calculated using Mann-Whitney-U test and Pearson’s chi square test, as appropriate.
z8-word list (immediate recall and delayed recall, range: 0–8, higher scores indicating better performance).
xLabyrinth test (range: 14–180 s, higher scores indicating lower performance).
{Semantic category “Animals” (range: 0–58, higher scores indicating better performance).
#Trail Making Test B (range: 21–300 s, higher scores indicating lower performance).

**Color-Word test interference (difference card 3–card 2; range: 2–263 s, higher scores indicating lower performance).
yyClock-drawing test (impaired performance with a cutoff point: score �3 [range: 1–5, with higher scores indicating lower performance]).
zzTrail Making Test A (range: 14–130 s, higher scores indicating lower performance).
xxColor-Word test card 1 (range: 9–39 s, higher scores indicating lower performance).
{{Color-Word test card 2 (range: 10–40 s, higher scores indicating lower performance).
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scale showed the same tendency. Although we detected
possible additive and multiplicative positive interaction,
none of the scores reached statistical significance.
4. Discussion

We observed a tendency for a positive interaction
effect of SCD and APOE ε4 genotype on incident
MCI 5 years later in women. Interestingly, men with
SCD and APOE ε4–negative genotype showed an
increased risk of incident MCI. Although the association
of SCD and MCI has been examined thoroughly, no study
has investigated the important factors SCD and APOE ε4
genotype and their possible joint effects in men and
women separately. Thus, no direct comparison of our
results with other studies was possible. However,



Table 3

Risk of incident MCI for SCD and APOE ε4 genotype groups in men

Risk of incident MCI

SCD2 SCD1
OR (95% CI) for SCD1
within APOE ε4 genotypeNumber of no MCI/MCI OR (95% CI) Number of no MCI/MCI OR (95% CI)

Unadjusted

APOE ε4–negative 338/23 1 (reference) 76/17 3.29 (1.66–6.43) 3.29 (1.66–6.43)

group A group B P , .001 P , .001

APOE ε4–positive* 107/10 1.37 (0.61–2.90) 29/5 2.53 (0.81–6.70) 1.84 (0.54–5.63)

group C P 5 .42 group D P 5 .08 P 5 .30

Effect modification: RERI (95% CI) 5 21.13 (24.35 to 2.09), P 5 .49;

multiplicative scale: ratio of ORs (95% CI) 5 0.56 (0.14–2.08), P 5 .40.

Adjusted

APOE ε4–negative 338/23 1 (reference) 76/17 2.90 (1.43–5.81) 2.90 (1.43–5.81)

group A group B P 5 .003 P 5 .003

APOE ε4–positive* 107/10 1.43 (0.62–3.08) 29/5 2.41 (0.75–6.57) 1.69 (0.48–5.28)

group C P 5 .38 group D P 5 .11 P 5 .38

Effect modification: RERI (95% CI) 5 20.92 (24.01 to 2.16), P 5 .56;

multiplicative scale: ratio of ORs (95% CI) 5 0.58 (0.14–2.22), P 5 .43.

ORs are adjusted for age, education and depressive symptoms at t2.

Abbreviations: APOE, apolipoprotein E; CI, confidence interval; MCI, mild cognitive impairment at t2; OR, odds ratio; RERI, relative excess risk due to

interaction; SCD (1/2), with and without subjective cognitive decline; t2, second follow-up examination.

NOTE. Risk estimates were calculated by binomial logistic regression analyses and measures of effect modification were assessed for men.

*APOE ε4–positive 5 at least one 4 allele (2/4, 3/4, 4/4).
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we could compare our findings in some aspects and
certain combinations of our group characteristics.

Regarding SCD and APOE ε4, population-based studies
as well as studies with memory-clinic patients have shown
higher rates of cognitive decline and worse cognitive
performance in APOE ε4 carriers with SCD compared
with noncarriers either with or without SCD [12,27]. A
current systematic review incorporating cross-sectional
and two longitudinal studies examined the association of
Table 4

Risk of incident MCI for SCD and APOE ε4 genotype groups in women

Risk of incident MCI

SCD2 SCD1

Number of no MCI/MCI OR (95% CI) Numb

Unadjusted

APOE ε4–negative 304/16 1 (reference)

group A

APOE ε4–positive* 101/7 1.32 (0.49–3.18)

group C P 5 .56

Effect modification: RERI (95% CI) 5
multiplicative scale: ratio of ORs (95%

Adjusted

APOE ε4–negative 304/16 1 (reference)

group A

APOE ε4–positive* 101/7 1.31 (0.49–3.21)

group C P 5 .57

Effect modification: RERI (95% CI) 5
multiplicative scale: ratio of ORs (95%

ORs are adjusted for age, education a

Abbreviations: APOE, apolipoprotein E; CI, confidence interval; MCI, mild co

interaction; SCD (1/2), with and without subjective cognitive decline; t2, secon

NOTE. Risk estimates were calculated by binomial logistic regression analyses

*APOE ε4–positive 5 at least one 4 allele (2/4, 3/4, 4/4).
SCD and APOE ε4 [28]. The authors reported an additional
risk of APOE ε4 in participants with SCD for objective
cognitive impairment, which coincides with the results of
our female but not our male participants. It is possible that
positive associations found in other studies are driven by
the positive interaction in women.

Regarding APOE ε4 genotype and incident MCI, APOE
ε4–positive women with SCD showed strong associations
with MCI 5 years later, whereas APOE ε4–negative women
OR (95% CI) for SCD1
within APOE ε4 genotypeer of no MCI/MCI OR (95% CI)

106/10 1.79 (0.76–4.02) 1.79 (0.76–4.02)

group B P 5 .16 P 5 .16

39/10 4.87 (2.01–11.37) 3.70 (1.33–10.85)

group D P , .001 P 5 .013

2.76 (21.06 to 6.59), P 5 .16;

CI) 5 2.06 (0.56–8.00), P 5 .28.

106/10 1.55 (0.65–3.54) 1.55 (0.65–3.54)

group B P 5 .31 P 5 .31

39/10 3.70 (1.48–8.90) 2.82 (0.98–8.50)

group D P 5 .004 P 5 .06

1.84 (21.23 to 4.92), P 5 .24;

CI) 5 1.82 (0.48–7.25), P 5 .38.

nd depressive symptoms at t2.

gnitive impairment at t2; OR, odds ratio; RERI, relative excess risk due to

d follow-up examination.

and measures of effect modification were assessed for women.
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with SCD did not. This is in line with the literature as APOE
ε4 is a genetic risk factor for AD dementia and conversion
from its earlier stages [29]. APOE ε4–positive men with
SCD and especially APOE ε4–negative men with SCD
showed strong associations with incident MCI. This exhibits
similarities to Zokaei et al. [30] reporting a memory
advantage in midlife for male APOE ε4 carriers. This is in
contrast to studies in old-aged participants, where APOE
ε4 carriers show worse memory performance compared
with noncarriers. The authors proposed this outcome to be
explained by the underlying antagonistic pleiotropy [31].
This theory describes opposite effects of genes on fitness
at different ages, thereby enabling the evolutionary survival
of a gene despite its disadvantage later in life. This transfers
to APOE ε4 and AD: later in life, carrying the ε4 allele is a
risk factor for AD but an earlier beneficial effect of this
genotype would explain the pronounced results we found
in male APOE ε4–negative participants with SCD. We
were not able to investigate this association with inclusion
of age groups due to small sample sizes. Findings of cortical
thickening in AD vulnerable areas in APOE ε4 carriers aged
48 to 75 years also support the possible mechanism of
antagonistic pleiotropy for APOE ε4 [32,33].

Regarding sex and APOE ε4, the literature suggests that
the reported sex-specific difference may be explained by
the role of sex hormones on brain function. Women undergo
menopause, characterized by extensive physiological
changes that ultimately lead to estrogen loss. Estrogen is
thought to have a neuroprotective effect [34,35]. Estrogen
loss due to menopause might have a significant effect on
cognitive decline and AD [36,37]. Studies suggest that
APOE ε4 could possibly diminish or neutralize the
neuroprotective effect of estrogen [38,39]. This could
explain the selective association between SCD and MCI in
female APOE ε4 carriers but not in female noncarriers.
Compared with male APOE ε4 carriers, female carriers
were found to have significantly reduced connectivity in
the precuneus that is part of the default network, which
has been shown to be altered in patients with AD [40].
Another study found female APOE ε4 carriers with MCI
to show increased AD associated biomarkers, although
male and female carriers were both more likely to convert
to MCI or AD than noncarriers [10]. Other divergences
were identified by a recent meta-analysis [41], reporting
APOE ε4–positive women to be at higher risk of developing
MCI than APOE ε4–positive men, specifically between the
ages of 55 and 70 years.

Regarding sex and SCD, women seem to experience
subjective decline more often than men. In our analysis
sample, we only observed a small difference of SCD
frequency between men and women (28% and 30%,
respectively). Rickenbach et al. [42] conclude that men
overestimate their memory function while women
underestimate it. Multiple etiologies result in SCD
expression, which itself could contribute to the observed
differences in men and women. Concerns associated with
SCD are part of the SCD plus criteria [43]. Looking at the
frequencies in our sample, women with SCD reported
additional concerns more often than men (women: 16%
SCD and concerns, 14% SCD and no concerns, 70% no
SCD; men: 10% SCD and concerns, 18% SCD and no
concerns, 72% no SCD). This might indicate that the
perceived decline afflicts women stronger than men,
resulting in a differential meaning of SCD for men and
women. Owing to insufficient sample sizes, we could not
incorporate SCD-associated concerns in our analyses.
Studies show that sex differences are well known in the
course of AD dementia. More women than men have AD
and a study also showed sex differences in MCI [44]. Tomita
et al. [45] found a link between SCD and cognition in men
but not in women. In a population-based study, SCD was
associated with increased risk of dementia only in women
[46]. In our study, SCD had a predictive value for MCI in
women as well as in men. Sex-specific differences
presented themselves through the APOE ε4 genotype.
Differences by sex should be considered when evaluating
SCD and a sex-sensitive approach in AD research is
indicated.

Although extensive efforts have been made to standardize
SCD assessment and thus increase comparability between
studies, there is still heterogeneity across studies.
Administrative aspects (e.g., brevity, availability) often
influence the selection of the questionnaire or instrument
used [47]. This increases the complex nature of SCD and
makes it a challenging task to determine its true meaning.
Subjective cognitive decline is by definition a subjective
concept and identified through self-report. Additional
confirmation about SCD by an informant might have
strengthened SCD as a predictor for conversion to MCI in
our study [48]. Subjective cognitive decline is related to a
diversity of factors that may affect SCD and its expression,
for example, underlying comorbidities, anxiety, character
traits, and socioeconomic status [49–51]. The accuracy of
cognitive complaints in our study might not only be
influenced by sex but also by several of these factors.
These variables themselves again might differ between
men and women to a certain degree and thereby mask the
full impact of SCD.

This is the first study to examine the sex-stratified joint
effect of SCD and APOE ε4 genotype on incident MCI.
Participants were randomly selected from mandatory
registries, which reduced the selection or volunteer bias.
Our cohort is comparatively young regarding preclinical
AD research, which is of special interest in this context.
Our study represents the general population and we cover
a broad age range, including midlife. This enables us to
target more people in the prodromal phase of AD.

Despite several strengths, some limitations must be
acknowledged. Cognitive data originate from the first and
second follow-up examination resulting in a healthier
cohort. We included participants that were cognitively
normal at the first follow-up, whereby potential bias should
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be minimized. A gold standard to operationalize SCD is still
missing.We assessed SCDwith a single question instead of a
detailed survey because our study was designed before
recommendations were published by the working group of
the Subjective Cognitive Decline Initiative [43]. The
question we used includes retrospective assessment over 2
years, which seems to be crucial for the classification of
SCD. In our study, SCD is based on self-report only and it
is probably influenced by other factors in addition to sex
and APOE ε4. Interaction effects did not reach statistical
significance, most likely due to small groups. Post hoc power
calculations indicated that larger groups are necessary to
better interpret the results (data not shown) and to increase
precision of interaction measures. Our analyses focused on
APOE ε4 as a genetic risk factor. Incorporating biomarkers
may reflect real-life conditions more accurately.

In conclusion, our study indicates that SCD and APOE ε4
genotype might have a positive interaction effect on the risk
of MCI 5 years later only in women, whereas for men, we
observed at most a tendency for a negative interaction effect.
These highly contrary results for men and women underline
the urgent need for more studies examining this association
and taking sex into account. This might help differentiate
subpopulations at risk for future studies.
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RESEARCH IN CONTEXT

1. Systematic review: We reviewed the literature using
common online databases to identify previous
publications about SCD in context with APOE ε4
genotype, sex, and/or MCI. Several studies focused
on MCI, few studies focused on sex or APOE ε4
genotype, whereas no studies exist researching all
criteria. Related studies investigating these factors
have been appropriately cited.

2. Interpretation: We evaluated sex-stratified associa-
tions and possible interaction of SCD and APOE ε4
genotype with incident MCI in a population-based
cohort. Our results add to the existing literature as
the first ever study to show that depending on sex,
SCD, and APOE ε4 are differentially associated with
incident MCI.

3. Future directions: Future studies should implement
sex and APOE ε4 status when investigating SCD
and MCI. We propose using larger sample sizes to
confirm our findings, as well as extending the
outcome variable to dementia in longer follow-up
periods.
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