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Abstract Background: Our objectives were (1) to test the association between the report of subjective
cognitive decline (SCD) and prospective objective cognitive performance in high age individuals
and (2) to study the course of longitudinal cognitive performance before and after the first report
of SCD.

Methods: Cognitively normal elderly participants of the German Study on Ageing, Cognition,
and Dementia study (N = 2330) with SCD (subjective decline in memory with and without asso-
ciated concerns) and without SCD at baseline were assessed over 8 years with regard to imme-
diate and delayed verbal recall, verbal fluency, working memory, and global cognition. Baseline
performance and cognitive trajectories were compared between groups. In addition, cognitive tra-
jectories before and after the initial report of SCD (incident SCD) were modelled in those
without SCD at baseline.

Results: Baseline performance in the SCD group was lower and declined more steeply in immediate
and delayed verbal recall than in the control group (no SCD at baseline). This effect was more pro-
nounced in the SCD group with concerns. Incident SCD was preceded by decline in immediate and
delayed memory and word fluency.
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Conclusions: SCD predicts future memory decline. Incident SCD is related to previous cognitive
decline. The latter finding supports the concept of SCD indicating first subtle decline in cognitive per-
formance that characterizes preclinical Alzheimer’s disease.

© 2015 The Authors. Published by Elsevier Inc. 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

Evidence from clinical and epidemiological studies sug-
gests that subjective cognitive decline (SCD) may represent
the initial symptomatic manifestation of Alzheimer’s disease
(AD) before mild cognitive impairment (MCI) [1]. A num-
ber of studies found that subjective cognitive decline
(SCD) in the cognitively normal elderly is associated with
an increased risk of dementia [2-4] particularly in cases
where individuals report concern about memory decline
[5]. Hypothetically, SCD may represent the self-experience
of subtle cognitive decline, before impairment on cognitive
tests occurs [1].

Cross-sectional studies in epidemiological samples, how-
ever, often did not find an association between SCD
and objective memory performance [6—8]. In large cohorts,
weak associations between SCD and memory performance
in unimpaired elderly individuals have been observed [9—
12]. One potential explanation for the small magnitude of
the cross-sectional association of SCD with cognitive perfor-
mance is that SCD relates to individual cognitive trajectories
(decline) rather than to cross-sectional abilities.

Only a few studies have addressed the association of
SCD with trajectories of cognitive decline. Those with
follow-up periods of less than 5 years did not find such as-
sociations [13,14]. However, Jorm et al. [15] assessed 331
elderly nondemented individuals over 70 years of age three
times over 7.6 years and showed that memory complaints
were associated with past memory performance and future
memory decline. In that study, anxiety and depression
were the strongest predictors of memory complaints. In a
population cohort aged 62 to 85 years, (N = 1168), Dik
[16] found that baseline memory complaints were associ-
ated with a decline in delayed memory, information pro-
cessing speed, and overall cognition on the Mini-Mental
State Examination (MMSE) over 6 years. Hohman et al.
[17] repeatedly assessed 98 cognitively normal subjects
(mean age = 75 years) with various cognitive instruments
including the Cognitive Failures Questionnaire (CFQ) dur-
ing an average of 11.5 years. Higher CFQ values, aggre-
gated over several follow-ups, were associated with the
speed of decline in immediate and delayed verbal memory.
This relationship was not present in figural memory or exec-
utive function.

These studies with extended follow-up suggest that in
elderly subjects SCD may be associated with accelerated
memory decline. It is not known, however, how specific
concerns (worries) associated with SCD affect the risk of

cognitive decline as opposed to SCD without concerns.
Also it is not known to what extent the decline in individual
cognitive domains occurs before the first report of SCD.

In this study, we examine the relationship of subjective
decline in memory, as one particular type of SCD, in associ-
ation with and without concerns with future and preceding
performance in different cognitive domains. We assessed a
large cohort of unimpaired elderly subjects over 8 years
and conducted growth curve modeling (GCM) of cognitive
performance data.

2. Methods
2.1. Sample

The German Study on Ageing, Cognition, and Dementia
(AgeCoDe) in primary care patients is an ongoing multi-
center prospective study in elderly individuals with a focus
on the identification of risk factors and predictors of cogni-
tive decline and dementia. Details about the sampling
method and selection process are described in previous pub-
lications [5]. A total of 3327 subjects free of dementia at
baseline were recruited from general practitioner (GP) regis-
tries and assessed with structured clinical interviews and
cognitive tests. Main inclusion criteria were ages greater
than 75 years, native German language, absence of severe
hearing or vision impairments, and residing at home rather
than in an institution. The approval of this study was pro-
vided by the local ethics committees of the Universities of
Bonn, Hamburg, Diisseldorf, Heidelberg/Mannheim, Leip-
zig, and Munich. All subjects gave written informed consent
before the participation in this study.

2.2. Assessment

Subjects were interviewed in their home environment by
trained psychologists or physicians at baseline and at all
follow-up examinations, which were 18 months apart.

Subjective memory capacity was assessed with the ques-
tion: “Do you feel like your memory is becoming worse?”
The possible answers were “no,” “yes, but this does not
worry me,” or “yes, this worries me.” The same question
was asked at each of five follow-up visits, which occurred
at 18 months intervals.

A 10-item word list learning task and a semantic verbal
fluency task from the Consortium to Establish a Registry
of Alzheimer’s Disease (CERAD) neuropsychological bat-
tery [18], was applied at baseline and at all follow-ups.
The CERAD 10-item word list consists of three immediate
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recall trials. Immediate recall performance equals the sum of
recalled words across three presentations of the list. Delayed
recall refers to the free recall of the 10-item word list after a
delay of approximately 10 minutes filled with other tasks.
The CERAD verbal fluency test consists of a 1-minute
task for naming animals. The number of correct names
given, without duplicates, is used as the score.

In addition, we administered the Structured Interview for
the diagnosis of dementia of the Alzheimer type, multi-
infarct dementia and dementia of other etiology according
to the Diagnostic and Statistical Manual of Mental Disor-
ders, Fourth Edition and International Classification of Dis-
eases, Tenth Revision (ICD-10) (SIDAM) [19]. The
cognitive assessment of the SIDAM (SISCO) contains the
Mini-Mental State Examination (MMSE) [20] and addi-
tional items for the assessment of four different areas of
cognition: orientation, memory, intellectual abilities, and
higher cognitive functions (subscales verbal working mem-
ory, constructional abilities, aphasia, and apraxia). For this
study, a verbal working memory composite score was
used, which consists of seven items, including subtraction
calculations (e.g. 9-3 = ?), backward spelling of a word,
and backward digit span. The MMSE served as a measure
of global cognition in the present analyses.

Depressive symptoms were assessed with the 15-item
version of the Geriatric Depression Scale (GDS) [21]. Level
of education was categorized as low, middle, or high using
the Comparative Analysis of Social Mobility in Industrial Na-
tions educational classification instrument [22]. apolipopro-
tein (APOE) €4 genotyping was performed in all subjects.

At follow-up, dementia was diagnosed according to
DSM-IV criteria, applying the diagnostic algorithm of the
SIDAM that makes use of the SISCO score as a cognitive
measure and impairment in activities of daily living scale
(SIDAM ADL scale). The diagnosis of AD-type dementia
was made according to the National Institute of Neurolog-
ical and Communicative Disorders and Stroke-Alzheimer’s
Disease and Related Disorders Association criteria. All di-
agnoses were made in consensus by the interviewer, experi-
enced geriatric psychiatrists, or geriatricians.

For those subjects, who could not be interviewed in person
at follow-up the Global Deterioration Scale [23] and the sub-
scales “Changes in Performance of Everyday Activities” and
“Changes in Habits” of the Blessed Dementia Scale [24] were
completed by the interviewer with an informant (spouse, rela-
tive, caregiver) and/or with the GP. Based on this information
the diagnosis of dementia was established.

2.3. Group definitions

Only cognitively normal subjects (n = 2330), performing
within 1 standard deviation (SD) of the normative SISCO
domain scores, derived in an independent study [25], at base-
line were included in the present analyses.

Subjects with a negative response to the SCD question
(see section 2.2) served as controls (CO, n = 993), and

were compared with subjects reporting a memory decline,
either without associated concerns (worries) (SCD-C,
n = 965), or with associated concerns (SCD+C, n = 372).

2.4. Follow-up assessment rates

Five follow-up waves with 18 months intervals after base-
line are the basis for the present analyses. The number of per-
sonal interviews was 2049 (87.9%) at follow-up 1, 1825
(78.3%) at follow-up 2, 1505 (64.6%) at follow-up 3, 1259
(54%) at follow-up 4, and 1037 (44.5%) at follow-up 5.

The main reasons for not obtaining a personal interview
were (1) refusal of a personal visit because of several rea-
sons, including, but not limited to bad medical conditions
(follow-up 1: 58.7%, follow-up 2: 47.4%, follow-up
3: 47.2%, follow-up 4: 24.2%, follow-up 5: 15.4%) and
(2) death (follow-up 1: 32%, follow-up 2: 48%, follow-up
3: 41.5%, follow-up 4:36.7%, follow-up 5: 36.5%).
Informant-based information on those participants without
personal interview was obtained on 273 participants at
follow-up 1, on 222 at follow-up 2, on 316 at follow-up
3, on 197 at follow-up 4, and on 180 at follow-up 5. The
combined follow-up rates (personal interview, informant-
based information only) were 99.7% at follow-up 1, 87.9%
at follow-up 2, 78.2% at follow-up 3, 62.5% at follow-up
4, and 52.2% at follow-up 5. Note that individuals were
not followed-up anymore in the case of incident dementia
or informant-based information only at one follow-up.

2.5. Statistical analyses and modeling

In the first set of analyses, we modeled cross-sectional and
longitudinal group differences (according to SCD status at
baseline) in each cognitive domain (verbal immediate and de-
layed recall, verbal fluency, working memory, global cogni-
tion) of those subjects with personal interview including all
follow-ups. In addition, we conducted analyses with reduced
number of follow-ups to investigate the minimal time span af-
ter which differential decline became significant.

GCM were estimated with Mplus 7 [26]. A quadratic term
was included where it improved the models over fitting only
a linear trend [27]. Participant attrition and missing data
were addressed with the full information maximum likeli-
hood method [28]. Time was treated with fixed time scores
as intervals between measurements were approximately of
equal distance. The Akaike Information Criterion, Bayesian
information criterion (BIC), sample size adjusted BIC, root
mean square error of approximation (RMSEA) [29], chi
square fit index, and comparative fit index (CFI) [30] were
used as indices of model fit. A CFI value greater than 0.95
and an RMSEA value of 0.04 or less indicate a very good
model fit [31,32]. The maximum likelihood with robust
standard errors method was used for model estimation,
allowing for robust estimation even if the assumption of
normal distribution was challenged. We report maximum
likelihood parameter estimates and significance values.



A. Koppara et al. / Alzheimer’s & Dementia: Diagnosis, Assessment & Disease Monitoring 1 (2015) 194-205 197

Following the general GCM recommendations of McAr-
dle and Grimm [33], we used an unconditional model to es-
timate the dependent variables without covariates (Model 1).
If the amount of variance unexplained by Model 1 remained
significant, age, gender, years of education, GDS score
(dichotomized at the conventional cut-off score of 6 sugges-
tive of depression), and APOE €4 genotype (yes/no) were
added as covariates (Model 2). Because a significant amount
of residual variance remained after adding the covariates,
Model 3, which included the groups (CO, SCD-C, SCD+C)
as predictor variables, was generated. To reduce the
complexity of this final model, only variables indicative of
a significant trend in Model 2 (P < .1) remained in Model
3 [34]. To derive a plot of the three group trajectories, a
multigroup analysis with stratification by group was
conducted.

The CO group was compared with the SCD+C and SCD-
C groups using group contrasts adjusted for significant
covariates. Three latent factors—intercept (baseline perfor-
mance), linear slope (change rate), and quadratic slope
(quadratic change rate)—were investigated and tested for
significance.

In the second set of analyses, only CO subjects (no SCD
at baseline) were included. In those, who reported SCD at
some point during follow-up, the initial report of SCD-C
or SCD+C was defined as incident SCD. Subjects were clas-
sified as incident SCD-C if they did report SCD-C, but did
not report SCD+C at any follow-up. They were categorized
as SCD+C if they additionally showed a concern regarding
memory at any follow-up. Thus, a subject reporting no SCD
at baseline, SCD-C at follow-up 1, and SCD+C at follow-up
2 was classified as incident SCD+C, with an onset of SCD at
follow-up 1. We modeled the trajectories of each cognitive
domain before and after incident SCD. We compare stable
CO subjects (who never reported SCD) to subjects with inci-
dent SCD-C or SCD+C. The time point of incident SCD at
follow-up was recoded as zero to estimate cognitive trajec-
tories. In this analysis, the time point zero is incident SCD.
The previous time point was recoded as —1, —2, —3, etc.,
whereas the time points after the incident SCD were recoded
as +1, +2, +3, etc. Each time point represents an interval of
18 months (Fig. 2).

By overlaying the trajectories at time point 0, we obtained
group trajectories with up to five time points before and after
incident SCD. The stable CO group trajectories during
follow-up were randomly assigned to the starting time points
by computing a uniformly distributed random integer in the
range between one and five, similar to the proportional dis-
tribution of incident SCD. Sample sizes at the extremes were
not sufficient for statistical modeling (n < 20). Thus, the
analysis was restricted to three time points before and four
time points after incident SCD. The preprocessed data
were fitted with piecewise linear growth models [35].
Mean change over time from time point —3 to incident
SCD was represented as the linear slope before SCD. Inci-
dent SCD to time point +4 was represented as the

slope after SCD. The time point zero (incident SCD) was
the common intercept of the two slopes. The stable CO
group was compared with the incident SCD+C and
incident SCD-C groups using group contrasts adjusted for
covariates.

To control for false positive results we considered only re-
sults with P < .01 to be significant.

2.6. Predicting incident dementia hazard

In addition to the cognitive trajectories, Cox proportional
hazards regression analysis was performed with SPSS 21
(IBM) to model the risk of incident Alzheimer’ dementia
and of all dementia types as a function of group membership
and of the covariates age, gender, education, depression, and
APOE €4 genotype.

3. Results

The three groups differed significantly in terms of gender
and education, but not in age, APOE €4 genotype, and
MMSE (Table 1). Follow-up rates did not differ between
groups (x> (8) = 7.814; P = 452 n.s.).

In both sets of analyses, the final models of the cognitive
trajectories had a good fit throughout (RMSEA < 0.04,
CFI > 0.97) and outperformed the unconditional (Model
1) and covariate (Model 2) models. Further details on model
fit can be provided by the corresponding author on request.

3.1. Baseline cognitive performance

All groups differed significantly from each other in de-
layed recall performance with the CO group performing
the best, followed by the SCD-C and SCD+C groups (see
Fig. 1 and Table 2). In addition, the adjusted group contrasts
between CO and SCD+C, and SCD-C and SCD+C, were
significant for immediate recall and for the word fluency
task. There were no significant differences in working mem-
ory and global cognition between groups.

3.2. Cognitive decline trajectories

Fig. 1 displays the estimated means of cognitive trajec-
tories (see Supplementary Material for observed means)
for the three groups.

In delayed recall, the adjusted group contrasts of the
linear slope revealed significant differences in decline over
time between CO and SCD+C, at a trend level between
CO and SCD-C, and between SCD-C and SCD+C (see
Table 2 and Fig. 1B).

The adjusted group contrasts for immediate recall also
showed significant differences between the CO and SCD-
C, CO and SCD+C groups, and SCD-C and SCD+C
groups. In global cognition, there were significant differ-
ences between CO and SCD-C groups, CO and SCD+C
groups, and SCD-C and SCD+C groups. There were no
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Fig. 1. Trajectories of estimated means for controls (CO), SCD without concerns (SCD-C) and SCD with concerns (SCD+C) controlling for age, gender, ed-

ucation apolipoprotein €4 -genotype and depression at baseline.

significant differences of slope in the group contrasts for
word fluency and working memory.

Models with reduced follow-up time revealed that the
rates of decline in all domains were not significantly
different before follow-up 4 (respectively, 6 years). Thus,
SCD-associated cognitive decline became apparent only 6

years after baseline.

There was no group difference in the quadratic slope in
any of the cognitive domains.

3.3. Covariate effects

Covariate effects for the first set of analyses are presented

in the Supplementary Material.

3.4. Cognitive performance and incident SCD

Of the 993 individuals free of SCD at baseline, 361 sub-
jects reported SCD without concerns and 146 reported SCD
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with concerns some time during the follow-up period. The
median distance of first SCD report from baseline was four
assessments (6 years). Fig. 2 shows the cognitive trajectories
(estimated means, see Supplementary Material for observed
means) before and after incident SCD. Table 3 lists the sta-
tistical comparisons.

At the time point of incident SCD, those with incident
SCD+C had poorer delayed recall than stable CO. A
similar trend was observed for incident SCD-C. There
was a significant difference in the slope of delayed recall

performance between groups. Although the stable CO
increased their performance (possibly due to test repetition
effects), the other groups showed a decline in delayed recall
preceding their incident SCD (CO vs. SCD-C, CO vs.
SCD+C).

A similar pattern was observed for immediate recall:
At incident SCD, those with incident SCD+C had poorer
immediate recall performance than those with stable CO.
The same was observed for incident SCD-C. The immedi-
ate recall slopes before incident SCD differed



200

Table 1

A. Koppara et al. / Alzheimer’s & Dementia: Diagnosis, Assessment & Disease Monitoring 1 (2015) 194-205

Sample description for groups with and without subjective cognitive decline at baseline

Groups Group differences
between Significant post-hoc
CO SCD-C SCD+C Total sample the three groups tests
n 993 965 372 2330
Rate of follow-up in % at  85.7 88.8 83.5 x? (8, N = 2330) = 7.814,
follow-up1 P = 452 n.s.
Rate of follow-up in % at ~ 73.1 76.6 72.9
follow-up2
Rate of follow-up in % at  58.4 62.7 58.0
follow-up3
Rate of follow-up in % at  47.6 51.3 48.5
follow-up4
Rate of follow-up in % at  36.6 40.6 35.8
follow-up5
MMSE: mean (SD) 27.97 (1.49) 27.95 (1.51) 27.88 (1.55) 2795 (1.51) P =.672
Age in years: mean (SD)  79.39 (3.40) 79.73 (3.56) 79.72 (3.60) 79.58 (3.50) P =.065
Female, n (%) 661 (66.6) 566 (58.7) 263 (70.7) 1490 (63.9) x*(2,N =2330) = 22.04, *}
P <.0001
Level of education X2 (4,N = 2330) = 16.26, *,i,i
P <.003
Low, n (%) 675 (68.0) 618 (64.0) 262 (70.4) 1555 (66.7)
Middle, n (%) 241 (24.3) 233 (24.1) 67 (18.0) 541 (23.2)
High, n (%) 77 (7.8) 114 (11.8) 43 (11.6) 234 (10.0)
APOE €4+, n (%) 195 (19.6) 201 (20.8) 78 (21.0) 0.20 (20.3) x* (2, N = 2330) = 0.54,
P =.765
Incident Alzheimer’s 51 88 53 192
dementia within five
follow-ups: n
Risk, incident 1.0 1.64 2.89 -
Alzheimer’s dementia’ P =.005 (1.16-2.32) P =.000 (1.96-4.26)
hazard ratio, P-value
(&Y
Incident dementia within 88 129 87 304
five follow-ups: n
Risk, incident dementia® 1.0 1.41 2.63 -

hazard ratio, P-value
(CD

P =.014 (1.07-1.85)

P <.001 (1.95-3.55)

Abbreviations: CO, controls (without subjective cognitive decline); SCD-C, SCD (subjective cognitive decline) without concerns; SCD+C, SCD with con-
cerns; SD, standard deviation; APOE €4, apolipoprotein €4; FU, follow-up interval was 18 months; MMSE, Mini-Mental State Examination; CI, confidence
interval; n.s., non-significant.

NOTE. Covariates: age, sex, education (low, medium, high), depressive symptoms (Geriatric Depression Scale scores <6 points or >6).

Bolded text indicates significant hazard ratio. Italicized text indicates significant P-values.

*CO vs. SCD-C.
fCO vs. SCD+C.
iSCD-C vs. SCD+C.

Sco group = reference group.

significantly between CO and SCD-C, but not between
CO and SCD+C.

For word fluency, there were no significant intercept differ-
ences at incident SCD, but before incident SCD there were
significant differences in the slopes between the stable CO
group and the incident SCD-C and incident SCD+C groups.

There was no significant difference in decline between
the groups in working memory either in the intercept at inci-
dent SCD or in the slope before incident SCD.

In global cognition, there was a significant difference in
performance at incident SCD between SCD-C and SCD+C.
Incident SCD+C was preceded by a significant decline in
global cognition before incident SCD compared with CO,
and also compared with SCD-C.

In none of the studied cognitive domains, there was a
group difference in slope after incident SCD.

3.5. Cox regression of SCD as a predictor of incident
dementia

In addition to the GCM analyses, we performed a Cox
regression analysis to assess the risk of baseline SCD on
future dementia of AD-type and of all cause dementia. For
AD-type dementia, SCD+C showed a 2.89 times increased
risk (P < .001) and SCD-C showed a 1.64 times increased
risk (P = .005) for over five follow-ups in comparison
with CO. For dementia of all cause, SCD+C showed a
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Table 2
Results of the growth factor estimates with regard to baseline groups
Immediate recall Delayed recall Word fluency Working memory MMSE
Estimate P-value Estimate P-value Estimate P-value Estimate P-value Estimate P-value
Intercept
CO vs. SCD-C —0.352 .080 —0.073 004 0.015 947 0.040 315 —0.010 .869
CO vs. SCD+C —0.389 .000 —0.252 .000 -0.313 034 0.026 376 0.064 125
SCD- vs SCD+C —0.504 020 -0.271 .029 -0.713 .020 0.019 732 0.132 118
Slope
CO vs. SCD-C —0.352 .008 —0.093 .060 0.018 915 —0.017 218 —0.110 005
CO vs. SCD+C —0.410 .000 —0.157 .000 —0.130 238 —0.008 .359 —0.180 000
SCD- vs. SCD+C 0.412 024 —0.182 044 —0.267 233 —0.007 742 —0.246 .000
Quadratic slope
CO vs. SCD-C 0.027 354 0.051 358 —0.029 404
CO vs. SCD+C 0.035 .079 0.014 142 —0.027 246
SCD- vs SCD+C 0.033 .393 0.014 451 —0.024 .606

Abbreviations: CO, controls (without subjective cognitive decline); SCD-C, SCD (subjective cognitive decline) without concerns; SCD+C, SCD with con-

cerns; MMSE, Mini-Mental State Examination.

NOTE. In all cognitive domains, P-values are corrected for age, gender, education, depression, and apolipoprotein €4 genotype.

Bold text indicates significant group contrasts.
*Only linear slope was fitted to the data.

2.63 times increased risk (P < .001), whereas SCD-C
showed a 1.4 times increased risk (P = .014).

4. Discussion

Overall, our results show that a report of subjective mem-
ory decline, a specific form of SCD, in cognitively normal
elderly may predict future objective memory decline and
incident dementia. Furthermore, incident subjective mem-
ory decline may also reflect past cognitive decline.

As expected, SCD at baseline predicted accelerated
decline in episodic memory over 8 years, and the decline
was more pronounced in SCD+C. This confirms prior re-

ports [15—17]. The other cognitive decline measures were
largely unrelated to the subjective report on memory,
suggesting some degree of specificity regarding the
association of subjective and objective decline.

Apart from different cognitive trajectories, we also found
baseline differences in episodic memory between groups,
particularly in the SCD+C group. As expected, greater
age, male gender, lower education, depressive symptoms,
and having the APOE €4 genotype were associated with
poorer baseline cognition, but the effects of SCD were inde-
pendent from these covariates. Known effects on cognitive
decline were replicated in our study. In line with Caselli
et al. [36], APOE €4 had an effect on delayed recall, but

Table 3
Results of the growth factor estimates with regard to incident SCD
Immediate recall Delayed recall Word fluency Working memory MMSE
Estimate P-value Estimate P-value Estimate P-value Estimate P-value Estimate P-value
Intercept—incident SCD
Stable CO vs. converters into SCD-C -0.724 .034 —-0.338  .060 -0.321 440 —=0.005 .949 0.111 413
Stable CO vs. converters into SCD+C —-0.615 .005 -0.332 .003 —0.287  .308 0.027  .633 —0.148  .106
Converters into SCD-C vs. converters into  —0.490  .242 —0.329 139 —0.268 .589 0.082 451 —-0.389 .009
SCD+C
Slope before SCD
Stable CO vs. converters into SCD-C -0.370  .005 -0.234 .001 -0.399 .012 —-0.035 .378 0.006  .922
Stable CO vs. converters into SCD+C —0.161 105 -0.174 .001 -0.265 .020 0.018  .587 —-0.137  .006
Converters into SCD-C vs. converters into 0.038  .850 —-0.108  .279 —0.120  .612 0.070  .300 -0.267 .003
SCD+C
Slope after SCD
Stable CO vs. converters into SCD-C 0.149 449 —-0.004 970 -0.137 518 0.013  .803 -0.027 796
Stable CO vs. converters into SCD+C —0.025 .827 —0.095 101 —0.252 .055 —0.045 237 —0.063 384
Converters into SCD-C vs. converters into  —0.189 342 —0.184  .065 —0.301 138 —0.096 115 —0.118 273

SCD+C

Abbreviations: CO, controls (without subjective cognitive decline); SCD-C, SCD (subjective cognitive decline) without concerns; SCD+C, SCD with con-

cerns; MMSE, Mini-Mental State Examination.

NOTE. In all cognitive domains, P-Values are corrected for age, gender, education, and apolipoprotein €4 genotype.
Bold text indicates significant group contrasts.
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not on MMSE. Age had a significant effect on the level and
shape of the trajectories, in line with Gomeni et al. [37],
depression had an effect on baseline, but no effect on verbal
memory decline, in line with Royall et al. [38]. Education
was associated with better baseline performance in all mea-
sures.

A novel finding of this study is that, in subjects free of
SCD at baseline, incident SCD was preceded by objective
memory decline. For delayed recall and also for verbal
fluency, the slope of decline in the 4.5 years before incident
SCD was stronger in the SCD-C and SCD+C group. Subtle
objective decline therefore precedes, and possibly also gives
rise to, the report of SCD, supporting the concept that SCD
may indicate a subtle decline in cognitive function [1]. This
temporal sequence was evident in group analyses but would
probably not be detectable on an individual basis.

It is not possible with the present data to exactly deter-
mine the time lag between objective and subjective decline.
The answer to this question will, however, also depend on
the relative sensitivity of the objective and subjective decline
assessments used.

Amieva et al. [39] showed that cognitive complaints, as-
sessed with a questionnaire, increased on an average 7 to
8 years before the diagnosis of Alzheimer’s dementia,
whereas verbal fluency started to drop 12 years before diag-
nosis. Amieva et al. did not focus on the SCD individuals
themselves but their findings are in line with the sequence
proposed by this paper. Stewart et al. [40] found that hippo-
campal atrophy over 4 years preceded incident SCD and this
could also be a cause of the memory decline preceding SCD
in the current sample.

We here focused on prevalent SCD and incident SCD.
However, like other phenotypical classifications (e.g.
MCI), SCD is unlikely to be absolutely stable over time.
It will be an interesting issue for further research to study
the determinants and consequences of SCD stability over
time.

In subjects without SCD at baseline or during follow-up,
there is a slight increase in memory test scores over the
years, probably due to test repetition effects [41]. However,
these test repetition effects appear to be outpaced by mem-
ory decline in the SCD groups. Reduced test repetition ef-
fects in the CERAD word list learning task have also been
described before in patients with mild AD [42].

The strengths of our study include the large sample size,
the multicentre design, and long follow-up time, the availabil-
ity of APOE €4 genotyping and application of GCM. The lim-
itations of our study include the lack of brain imaging. Our
data do not allow us to elucidate the brain changes that under-
lie incident SCD. However, elderly help-seeking subjects
with SCD (but without mild cognitive impairment) show
signs of brain atrophy in the entorhinal cortex [43] and hippo-
campus [44], glucose metabolism changes [45], and
increased Pittsburgh Compound B Positron Emission Tomog-
raphy beta-amyloid load [46]. Many of these characteristics
are indicative of and consistent with the preclinical stages

of AD. In addition, SCD has been associated with AD-like
pathology in autopsy studies [47,48].

In sum, this study shows that a report of memory decline
in old age is partly related to ongoing (past and future) mem-
ory decline, and is not merely a depressive interpretation of
normal age-related cognitive loss. Furthermore, our data
suggest that at the group level, subjects begin to report inci-
dent SCD after their memory starts to deviate from
normal. This would be consistent with the “self-experience
of decline” hypothesis of SCD in the context of
preclinical AD.
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RESEARCH IN CONTEXT

1. Systematic review: Subjective cognitive decline
(SCD) in memory appears to be a risk factor for
future cognitive decline and dementia. The associa-
tion with trajectories of decline in individual cogni-
tive domains and potentially SCD-preceding
cognitive decline are not well studied. The authors
investigated a large epidemiological cohort from
Germany to address these questions.

2. Interpretation: Subjective decline in memory and
related concerns (SCD+C) are related to subtle
decline in memory performance. They are risk fac-
tors for future decline in memory functions. Before
the onset of SCD, memory decline already occurred.

3. Future directions: The study further supports the
concept of SCD as a risk factor for cognitive decline
and an indicator of very first impairment of cognitive
performance in elderly. These results can aid in
designing future prevention trials.

References

[1] Jessen F, Amariglio RE, van Boxtel M, Breteler M, Ceccaldi M,

Chételat G, et al. A conceptual framework for research on subjective

cognitive decline in preclinical Alzheimer’s disease. Alzheimers De-

ment 2014;10:844-52.

Schmand B, Jonker C, Hooijer C, Lindeboom J. Subjective memory

complaints may announce dementia. Neurology 1996;46:121-5.

[3] Geerlings MI, Jonker C, Bouter LM, Ader HJ, Schmand B. Associa-

tion between memory complaints and incident Alzheimer’s disease

in elderly people with normal baseline cognition. Am J Psychiatry
1999;156:531-7.

Rabin LA, Wang C, Katz MJ, Derby CA, Buschke H, Lipton RB. Pre-

dicting Alzheimer’s disease: neuropsychological tests, self-reports,

and informant reports of cognitive difficulties. J Am Geriatr Soc
2012;60:1128-34.

Jessen F. Prediction of dementia by subjective memory impairment ef-

fects of severity and temporal association with cognitive impairment

dementia and subjective memory impairment. Arch Gen Psychiatry

2010;67:414.

Jorm AF, Christensen H, Korten AE, Henderson AS, Jacomb PA,

Mackinnon A. Do cognitive complaints either predict future cognitive

decline or reflect past cognitive decline? A longitudinal study of an

elderly community sample. Psychol Med 1997;27:91-8.

Bolla KI, Lindgren KN, Bonaccorsy C, Bleecker ML. Memory com-

plaints in older adults: fact or fiction? Arch Neurol 1991;48:61-4.

[8] Mewton L, Sachdev P, Anderson T, Sunderland M, Andrews G. Demo-
graphic, clinical, and lifestyle correlates of subjective memory com-
plaints in the Australian population. Am J Geriatr Psychiatry 2014;
22:1222-32.

[9] Jessen F, Wiese B, Cvetanovska G, Fuchs A, Kaduszkiewicz H,
Koelsch H, et al. Patterns of subjective memory impairment in the
elderly: association with memory performance. Psychol Med 2007,
37:1753-62.

[2

—

[4

=

[5

=

[6

=

[7

—


http://dx.doi.org/10.1016/j.dadm.2015.02.005
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref1
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref1
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref1
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref1
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref1
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref2
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref2
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref3
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref3
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref3
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref3
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref3
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref4
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref4
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref4
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref4
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref5
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref5
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref5
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref5
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref6
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref6
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref6
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref6
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref7
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref7
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref8
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref8
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref8
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref8
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref9
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref9
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref9
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref9

A. Koppara et al. / Alzheimers & Dementia: Diagnosis, Assessment & Disease Monitoring 1 (2015) 194-205 205

[10] Gagnon M, Dartigues JF, Mazaux J, Dequae L, Letenneur L,
Giroire JM, et al. Self-reported memory complaints and memory per-
formance in elderly French community residents: results of the PA-
QUID Research Program. Neuroepidemiology 1994;13:145-54.

[11] Jonker C, Launer LJ, Hooijer C, Lindeboom J. Memory complaints
and memory impairment in older individuals. J Am Geriatr Soc
1996;44:44-9.

[12] Dufouil C, Fuhrer R, Alperovitch A. Subjective cognitive complaints
and cognitive decline: consequence or predictor? The epidemiology of
vascular aging study. J Am Geriatr Soc 2005;53:616-21.

[13] Blazer DG, Hays JC, Fillenbaum GG, Gold DT. Memory complaint as
a predictor of cognitive decline A comparison of African American
and White elders. J Aging Health 1997;9:171-84.

[14] Mol ME, van Boxtel MP, Willems D, Jolles J. Do subjective memory
complaints predict cognitive dysfunction over time? A six-year
follow-up of the Maastricht Aging Study. Int J Geriatr Psychiatry
2006;21:432-41.

[15] Jorm AF, Christensen H, Korten AE, Jacomb PA, Henderson AS. Mem-
ory complaints as a precursor of memory impairment in older people: a
longitudinal analysis over 7-8 years. Psychol Med 2001;31:441-9.

[16] Dik MG, Jonker C, Comijs HC, Bouter LM, Twisk JW, van Kamp GJ,
et al. Memory complaints and APOE-4 accelerate cognitive decline in
cognitively normal elderly. Neurology 2001;57:2217-22.

[17] Hohman TJ, Beason-Held LL, Lamar M, Resnick SM. Subjective
cognitive complaints and longitudinal changes in memory and brain
function. Neuropsychology 2011;25:125-30.

[18] Morris JC, Heyman A, Mohs RC, Hughes JP, van Belle G,
Fillenbaum G, et al. The Consortium to Establish a Registry for Alz-
heimer’s Disease (CERAD). Part 1. Clinical and neuropsychological
assessment of Alzheimer’s disease. Neurology 1989;39:1159-65.

[19] Zaudig M, Mittelhammer J, Hiller W, Pauls A, Thora C, Morinigo A,
et al. SIDAM-A structured interview for the diagnosis of dementia of
the Alzheimer type, multi-infarct dementia and dementias of other
aetiology according to ICD-10 and DSM-III-R. Psychol Med 1991;
21:225-36.

[20] Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”. A prac-
tical method for grading the cognitive state of patients for the clinician.
J Psychiatr Res 1975;12:189-98.

[21] Yesavage JA, Brink TL, Rose TL, Lum O, Huang V, Adey M, et al.
Development and validation of a geriatric depression screening scale:
a preliminary report. J Psychiatr Res 1982-1983;17:37—49.

[22] Konig W LPM. MiillerWA Comparative analysis of the development
and structure of educational systems: methodological foundations
and the construction of a Comparative Education Scale.

[23] Reisberg B, Ferris SH, de Leon MJ, Crook T. The Global Deterioration
Scale for assessment of primary degenerative dementia. Am J Psychi-
atry 1982;139:1136-9.

[24] Blessed G, Tomlinson BE, Roth M. The association between quantita-
tive measures of dementia and of senile change in the cerebral grey
matter of elderly subjects. Br J Psychiatry 1968;114:797-811.

[25] Luck T, Zaudig M, Wiese B, Riedel-Heller SG. SIDAM: Alters- und
bildungsspezifische Normen des kognitiven Leistungsteiles nach der
neuen CASMIN-Bildungsklassifikation. Zeitschrift fiir Gerontopsy-
chologie & -psychiatrie 2007;20:31-8.

[26] Muthén LK, Muthén BO. Mplus User’s Guide. Seventh Edition. Los
Angeles, CA: Muthén & Muthén; 1998.

[27] Duncan TE, Duncan SC, Strycker LA. An introduction to latent vari-
able growth curve modeling concepts, issues, and applications. Mah-
wah, NJ: Erlbaum; 2006.

[28] McArdle JJ. Longitudinal models of growth and survival applied to the
early detection of Alzheimer’s disease. J Geriatr Psychiatry Neurol
2005;18:234-41.

[29] Browne MW, Cudeck R, Bollen KA, Long JS. Alternative ways of as-
sessing model fit. Sage Focus Editions 1993;154:136.

[30] Bentler PM. Comparative fit indexes in structural models. Psychol Bull
1990;107:238-46.

[31] Bollen KA, Long JS. Testing structural equation models, vol. 154.
Newbury Park: SAGE Publications; 1993.

[32] Byrne BM. Structural equation modeling with LISREL, PRELIS, and
SIMPLIS: Basic concepts, applications, and programming. Mahwah,
N.J: L. Erlbaum Associates; 1998.

[33] McArdleJ, Grimm K. Five steps in latent curve and latent change score
modeling with longitudinal data. In: van Montfort K, Oud JH,
Satorra A, eds. Longitudinal research with latent variables. Berlin Hei-
delberg: Springer; 2010. p. 245-73.

[34] Nesselroade JR. Temporal selection and factor invariance in the study
of development and change. Life-span development and behavior
1983;5:59-87.

[35] Little TD. The Oxford handbook of quantitative methods. New York:
Oxford University Press; 2013. ©.

[36] Caselli RJ, Chen K, Locke DE, Lee W, Roontiva A, Bandy D, et al.
Subjective cognitive decline: self and informant comparisons. Alz-
heimers Dement 2014;10:93-8.

[37] Gomeni R, Simeoni M, Zvartau-Hind M, Irizarry MC, Austin D,
Gold M. Modeling Alzheimer’s disease progression using the disease
system analysis approach. Alzheimers Dement 2012;8:39-50.

[38] Royall DR, Palmer R, Chiodo LK, Polk MJ. Depressive symptoms pre-
dict longitudinal change in executive control but not memory. Int J
Geriatr Psychiatry 2012;27:89-96.

[39] Amieva H, Le Goff M, Millet X, Orgogozo JM, Péres K, Barberger-
Gateau P, et al. Prodromal Alzheimer’s disease: successive emergence
of the clinical symptoms. Ann Neurol 2008;64:492-8.

[40] Stewart R, Godin O, Crivello F, Maillard P, Mazoyer B, Tzourio C,
et al. Longitudinal neuroimaging correlates of subjective memory
impairment: 4-year prospective community study. Br J Psychiatry
2011;198:199-205.

[41] Mathews M, Abner E, Caban-Holt A, Kryscio R, Schmitt F. CERAD
practice effects and attrition bias in a dementia prevention trial. Int
Psychogeriatr 2013;25:1115-23.

[42] Zehnder AE, Blisi S, Berres M, Spiegel R, Monsch AU. Lack of prac-
tice effects on neuropsychological tests as early cognitive markers of
Alzheimer disease? Am J Alzheimers Dis Other Demen 2007;
22:416-26.

[43] Jessen F, Feyen L, Freymann K, Tepest R, Maier W, Heun R, et al. Vol-
ume reduction of the entorhinal cortex in subjective memory impair-
ment. Neurobiol Aging 2006;27:1751-6.

[44] Engvig A, Fjell AM, Westlye LT, Skaane NV, Sundseth @,
Walhovd KB. Hippocampal subfield volumes correlate with memory
training benefit in subjective memory impairment. Neuroimage
2012;61:188-94.

[45] Scheef L, Spottke A, Daerr M, Joe A, Striepens N, Kolsch H, et al.
Glucose metabolism, gray matter structure, and memory decline in
subjective memory impairment. Neurology 2012;79:1332-9.

[46] Amariglio RE, Becker JA, Carmasin J, Wadsworth LP, Lorius N,
Sullivan C, et al. Subjective cognitive complaints and amyloid burden
in cognitively normal older individuals. Neuropsychologia 2012;
50:2880-6.

[47] Kryscio RJ, Abner EL, Lin Y, Cooper GE, Fardo DW, Jicha GA, et al.
Adjusting for mortality when identifying risk factors for transitions to
mild cognitive impairment and dementia. J Alzheimers Dis 2013;
35:823-32.

[48] Kryscio RJ, Abner EL, Cooper GE, Fardo DW, Jicha GA, Nelson PT,
et al. Self-reported memory complaints: implications from a longitudi-
nal cohort with autopsies. Neurology 2014;83:1359-65.


http://refhub.elsevier.com/S2352-8729(15)00043-3/sref10
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref10
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref10
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref10
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref11
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref11
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref11
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref12
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref12
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref12
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref13
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref13
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref13
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref14
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref14
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref14
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref14
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref15
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref15
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref15
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref16
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref16
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref16
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref17
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref17
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref17
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref18
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref18
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref18
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref18
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref19
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref19
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref19
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref19
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref19
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref20
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref20
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref20
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref21
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref21
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref21
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref22
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref22
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref22
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref23
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref23
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref23
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref24
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref24
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref24
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref24
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref24
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref25
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref25
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref25
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref25
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref25
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref25
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref26
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref26
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref26
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref27
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref27
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref27
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref28
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref28
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref29
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref29
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref30
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref30
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref31
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref31
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref31
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref32
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref32
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref32
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref32
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref33
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref33
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref33
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref34
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref34
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref35
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref35
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref35
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref36
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref36
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref36
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref37
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref37
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref37
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref38
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref38
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref38
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref38
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref38
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref39
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref39
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref39
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref39
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref40
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref40
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref40
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref41
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref41
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref41
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref41
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref41
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref42
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref42
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref42
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref43
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref43
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref43
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref43
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref43
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref44
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref44
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref44
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref45
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref45
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref45
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref45
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref46
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref46
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref46
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref46
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref47
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref47
http://refhub.elsevier.com/S2352-8729(15)00043-3/sref47

	Cognitive performance before and after the onset of subjective cognitive decline in old age
	1. Introduction
	2. Methods
	2.1. Sample
	2.2. Assessment
	2.3. Group definitions
	2.4. Follow-up assessment rates
	2.5. Statistical analyses and modeling
	2.6. Predicting incident dementia hazard

	3. Results
	3.1. Baseline cognitive performance
	3.2. Cognitive decline trajectories
	3.3. Covariate effects
	3.4. Cognitive performance and incident SCD
	3.5. Cox regression of SCD as a predictor of incident dementia

	4. Discussion
	Acknowledgments
	Supplementary data
	References


