Check for
updates

ELSEVIER

Alzheimer’s & Dementia 15 (2019) 465-476

") Check for updates

Alzheimer’s

&

Dementia

Featured Article

Subjective cognitive decline and rates of incident Alzheimer’s disease
and non—Alzheimer’s disease dementia

Rosalinde E. R. Slot®, Sietske A. M. Sikkes™’, Johannes Berkhof”, Henry Brodaty®,
Rachel Buckleyd’e’f, Enrica Cavedo®™" Efthimios Dardiotis*, Francoise Guillo-Benarous',
Harald Hampel®"™"| Nicole A. Kochan®™, Simone Lista®™"/, Tobias Luck™®, Paul Maruff*",
José Luis Molinuevo?, Johannes Kornhuber’, Barry Reisberg', Steffi G. Riedel-Heller”,
Shannon L. Risacher™, Susanne Roehr™", Perminder S. Sachdev™", Nikolaos Scarmeas"",
Philip Scheltens®, Melanie B. Shulman', Andrew J. Saykin™', Sander C. J. Verfaillie”,
Pieter Jelle Visser™”, Stephanie J. B. Vos®, Michael Wagner’**, Steffen Wolfsgruber’*,
Frank Jessen”*, the Alzheimer’s Disease Neuroimaging Initiative, the DESCRIPA working
group, the INSIGHT-preAD study group, on behalf of the SCD-I working group,

Wiesje M. van der Flier

a,b,

5K

“Alzheimer Center Amsterdam, Department of Neurology, Amsterdam Neuroscience, Vrije Universiteit Amsterdam, Amsterdam UMC, Amsterdam,
the Netherlands
*Department of Epidemiology and Biostatistics, Vrije Universiteit Amsterdam, Amsterdam UMC, Amsterdam, the Netherlands
“Center for Healthy Brain Ageing and Dementia Centre for Research Collaboration, University of New South Wales, Sydney, Australia
YUniversity of Melbourne, Melbourne, Australia
“The Florey Institutes of Neurosciences and Mental Health, Melbourne, Australia
THarvard Medical School, Massachusetts General Hospital, Boston, MA, USA
SAXA Research Fund & Sorbonne University Chair, Paris, France
"Sorbonne University, GRC n° 21, Alzheimer Precision Medicine (APM), AP-HP, Pitié¢-Salpetriere Hospital, Paris, France
Brain & Spine Institute (ICM), INSERM U 1127, CNRS UMR 7225, Paris, France
IInstitute of Memory and Alzheimer’s Disease (IM2A), Department of Neurology, Pitié-Salpétriere Hospital, AP-HP, Paris, France
¥Department of Neurology, Faculty of Medicine, University of Thessaly, Larissa, Greece
'New York University Alzheimer’s Disease Center, NYU Langone Medical Center, New York, NY, USA
"Neuropsychiatric Institute, Prince of Wales Hospital, Randwick, Australia

Disclosures: R.E.R.S., I.B., RB., EC., ED., EG.-B., NAK., TL.,
PM, J.LM., JK., BR, S.GR.-H, S.LR., SR, PSS, N.S., MB.S,,
S.CJ. V., S.J.B.V., M.W., S.W., and E.J. report no conflicts of interest. All au-
thors report no conflict of interest with the content of the present manuscript.
In the last 3 years, H.B. has worked on a drug trial for patients with MCI and
Alzheimer’s disease sponsored by Tau Therapeutics and has been a consul-
tant or advisory board member for Eli Lilly and Nutricia. H.H. serves as Se-
nior Associate Editor for the Journal Alzheimer’s & Dementia; he received
lecture fees from Biogen and Roche, research grants from Pfizer, Avid, and
MSD Avenir (paid to the institution), travel funding from Functional Neuro-
modulation, Axovant, Eli Lilly and company, Takeda and Zinfandel, GE
Healthcare and Oryzon Genomics, consultancy fees from Jung Diagnostics,
Cytox Ltd., Axovant, Anavex, Takeda and Zinfandel, GE Healthcare and
Oryzon Genomics, and Functional Neuromodulation, and participated in
scientific advisory boards of Functional Neuromodulation, Axovant, Eli
Lilly and company, Cytox Ltd., GE Healthcare, Takeda and Zinfandel, Or-
yzon Genomics and Roche Diagnostics; he is coinventor of patent applica-
tions and has received no royalties. S.L. received lecture honoraria from

https://doi.org/10.1016/j.jalz.2018.10.003

Roche. P.S. has received grant support for the institution Alzheimer Center,
VU University Medical Center from GE Healthcare and MERCK; he has
received speaker’s fees paid to the institution Alzheimer Center, VU Univer-
sity Medical Center, from Lilly, GE Healthcare and Roche. S.A.M.S. pro-
vided consultancy services in the past 2 years for Nutricia and Takeda.
All fees were paid to her institution. W.M.v.d.F. has received research fund-
ing and speaker honorarium from Boehringer Ingelheim and Biogen Inc.
Research programs of W.M.v.d.F. have been funded by ZonMW, NWO,
EU-FP7, Alzheimer Nederland, CardioVasculair Onderzoek Nederland,
Stichting Dioraphte, Gieskes-Strijbis Fonds, Pasman Stichting, Boehringer
Ingelheim, Piramal Neuroimaging, Roche BV, Janssen Stellar, Biogen,
Combinostics. All funding is paid to her institution. A.J.S. received research
support from a collaborative grant from Eli Lilly during the time this project
was completed, co-led an NIA SBIR grant with Arkley Biotek, and received
PET tracer precursor assistance from Avid Radiopharmaceuticals.
*Corresponding author. Tel.: +31204440816; Fax: +31204448529.
E-mail address: wm.vdflier@vumc.nl

1552-5260/ © 2018 The Authors. Published by Elsevier Inc. on behalf of the Alzheimer’s Association. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
mailto:wm.vdflier@vumc.nl
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jalz.2018.10.003&domain=pdf
https://doi.org/10.1016/j.jalz.2018.10.003
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jalz.2018.10.003
http://crossmark.crossref.org/dialog/?doi=10.1016%2Fj.jalz.2018.10.003&domain=pdf&date_stamp=2018-12-13

466 R.E.R. Slot et al. / Alzheimers & Dementia 15 (2019) 465-476

"Institute of Social Medicine, Occupational Health and Public Health (ISAP), Faculty of Medicine, University of Leipzig, Leipzig, Germany
°Social Psychiatry, Department of Economic and Social Sciences, University of Applied Sciences Nordhausen, Nordhausen, Germany
PCogstate Ltd., Melbourne, Australia
“Neurology Department, Hospital Clinic i Universitari-IDIBAPS and BarcelonaBeta Brain Research Center, Pasqual Maragall Foundation, Barcelona, Spain
"Friedrich Alexander University Erlangen-Niirnberg, Erlangen, Germany
*Center for Neuroimaging, Department of Radiology and Imaging Sciences, Indiana University School of Medicine Indianapolis, IN, USA

'Indiana Alzheimer Disease Center, Indiana University School of Medicine Indianapolis, IN, USA
“LIFE — Leipzig Research Center for Civilization Diseases, University of Leipzig, Leipzig, Germany
"National and Kapodistrian University of Athens, Athens, Greece
“'Department of Neurology, Columbia University Medical Center, New York, NY, USA

*Department of Psychiatry and Neuropsychology, Alzheimer Center Limburg, Maastricht University, Maastricht, the Netherlands

YDZNE, German Center for Neurodegenerative Diseases, Germany
*Department of Psychiatry and Psychotherapy, University of Bonn, Bonn, Germany
“Psychiatry Department, University of Cologne, Cologne, Germany

Introduction: In this multicenter study on subjective cognitive decline (SCD) in community-based
and memory clinic settings, we assessed the (1) incidence of Alzheimer’s disease (AD) and non-AD

Methods: Eleven cohorts provided 2978 participants with SCD and 1391 controls. We estimated

Results: In SCD, incidence of dementia was 17.7 (95% Poisson confidence interval 15.2-20.3)/1000
person-years (AD: 11.5 [9.6-13.7], non-AD: 6.1 [4.7-7.7]), compared with 14.2 (11.3-17.6) in
controls (AD: 10.1 [7.7-13.0], non-AD: 4.1 [2.6-6.0]). The risk of dementia was strongly increased
in SCD in a memory clinic setting but less so in a community-based setting. In addition, higher
age (hazard ratio 1.1 [95% confidence interval 1.1-1.1]), lower Mini—-Mental State Examination

Discussion: SCD can precede both AD and non-AD dementia. Despite their younger age, individuals
with SCD in a memory clinic setting have a higher risk of dementia than those in community-based

© 2018 The Authors. Published by Elsevier Inc. on behalf of the Alzheimer’s Association. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

Abstract
dementia and (2) determinants of progression to dementia.
dementia incidence and identified risk factors using Cox proportional hazards models.
(0.7 [0.66-0.8]), and apolipoprotein E €4 (1.8 [1.3-2.5]) increased the risk of dementia.
cohorts.
4.0/).
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dementia; Frontotemporal dementia; Dementia Lewy bodies

1. Introduction

Neurodegenerative changes, eventually leading to
dementia due to Alzheimer’s disease (AD), begin to
accumulate approximately 20 years before clinical
symptoms appear [1]. With the lack of curative treatment
for dementia due to AD, research is moving toward the
prodromal and preclinical stages of AD [2]. Subjective
cognitive decline (SCD) refers to the subjective experience
of cognitive decline, without objective impairment on
cognitive assessment [3]. Compared to individuals without
SCD, cognitively normal elderly subjects experiencing
complaints have an increased risk of subsequent objective
cognitive decline, that is, progression to mild cognitive
impairment (MCI) and dementia [4-9]. Therefore, SCD
has been suggested to be a possible first symptomatic
expression of preclinical AD [2,3].

The conceptual framework on SCD published by the
international Working Group (SCD-I) has a focus on SCD
as an early harbinger of AD, proposing the SCD-plus criteria
as potential risk factors for preclinical AD [3]. However,
SCD may also precede other dementia subtypes with a

gradual onset, such as vascular dementia (VaD), dementia
with Lewy Bodies (DLBs), or frontotemporal dementia
(FTD). Although individuals with SCD have an increased
risk of dementia [4-9], the incidence rate of progression
from SCD to AD dementia, and especially to non-AD
dementia, has not been estimated before.

For cognitively normal individuals, risk factors of
dementia include higher age, lower education, and
apolipoprotein E (APOE) €4 status [10,11]. Whether these
risk factors influence the risk of progression to AD and
non-AD types of dementia in patients with SCD in a similar
way remains to be further investigated. The aim of our
multicenter study including both memory clinic and
community-based cohorts of SCD was to estimate incidence
rates of dementia, both for AD and non-AD.

2. Methods

This collaborative project was initiated during a public
meeting of the Subjective Cognitive Decline Professional
Interest Area during the Alzheimer’s Association Interna-
tional Conference in 2015, which was facilitated by the
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Table 1
Overview of participating centers and their characteristics
Follow-up N, N, N,
Center Setting Definition of SCD information total SCD controls
Alzheimer Disease USA Memory clinic; multicenter Normal cognition + MC visit Annual FU 372 126 246
Neuroimaging Initiative with standardized methods because of complaints
(ADNI) and Indiana (assessed by CCI)
Alzheimer Disease Center
[41,42]
Australian Imaging, Australia Community; multicenter with  Normal cognition + cognitive FU interval 1636 491 161
Biomarkers and Lifestyle standardized methods complaints question (Mac- 18 months
Study (AIBL) [43] Q): Yes
Amsterdam Dementia Cohort ~ The Netherlands Memory clinic; single-center ~ Normal cognition + MC visit Annual FU 463 463 0
[44-46] because of complaints
Barcelona Hospital Clinic i Spain Memory clinic; single-center ~ Normal cognition + MC visit ~ Annual FU 75 52 23
Universitari because of complaints
German Dementia Competence Germany Memory clinic; multiple single- Normal cognition + MC visit ~Annual FU 256 256 0
Network (DCN) [47] center studies because of complaints
Participant did not meet Jak-
Bondi criteria [48]
Development of Screening Europe* Memory clinic; multiple single- Normal cognition + MC visit ~Annual FU 245 224 0
Guidelines and Clinical center studies because of complaints
Criteria for Pre-dementia
AD study (DESCRIPA) [49]
Hellenic Longitudinal Greece Community; single-center Normal cognition + cognitive ~Annual FU 531 154 309
Investigation of Aging and complaints questionnaire:
Diet (HELIAD) [50] Yes

INSIGHT pre-AD study, Paris  France
[51,52]

Leipzig Longitudinal Study of Germany
the Aged (LEILA75+) [53]

Sydney Memory and Ageing  Australia
Study (MAS) [54]

New York University Langone USA
Medical Center (NYU)

Community; single-center

Community; single-center

Community; single-center

Memory clinic; single-center

Normal cognition + cognitive FU after 3 years 318 318 0
complaints questionnaire:

Yes

Normal cognition + cognitive FU interval 670 169 501
complaints questionnaire: 18 months
Yes

Normal cognition + cognitive FU interval 467 316 151
complaints question: Yes 24 months

Normal cognition + MC visit Annual FU 488 409 0

because of complaints

Abbreviations: CCI, Cognitive Change Index; FU, follow-up; MC, memory clinic; SCD, subjective cognitive decline.
NOTE: Of the participating cohorts, there were eight single-center studies, two multicenter studies with standardized methods (ADNI and AIBL), and two
cohorts composed of data from multiple single-center studies (DCN Germany and DESCRIPA). ADNI and the single site Indiana ADC cohort were combined as

both were assessed and included based on the CCI.

*To prevent possible overlap of participants, all cases from the VU Medical Center included in the DESCRIPA data set were not included in analyses (n = 22).

See Supplementary Table for more information.

International Society to Advance Alzheimer’s Research and
Treatment.

2.1. Setting and recruitment

Eleven cohorts provided data, see Table 1 for an overview
of participating cohorts and the number of subjects included.
Across studies, there are differences in operationalization of
SCD. We deliberately took the case definition of each study
as the starting point; Table 1 provides information on
center-specific operationalization of SCD. Cohorts were
defined as memory clinic setting when patients were referred
to the memory clinic by a physician, or actively approached
the respective center for evaluation. Cohorts were labeled as
community setting when the study was population based,
for example, if recruitment was organized via standardized
evaluation of eligible participants in a predefined district or
when participants were recruited by active (media) appeal.

2.2. Participants

We included SCD participants in the analysis if (1) the
participant reported subjective experience of cognitive
decline on one or more cognitive domains; (2) the participant
had normal baseline cognition, defined by results of
cognitive assessment within normal ranges (center-specific),
and criteria for MCI or any dementia were not met [12—15],
and (3) had at least one follow-up assessment (>8 months
from baseline) with repeated evaluation of diagnosis.
Controls were provided by the same cohorts but did not
endorse inclusion criterion (1). Exclusion criteria were
MCI, dementia, alcohol or substance abuse, or any
psychiatric or neurological disease possibly causing
memory complaints (i.e. epilepsy, Parkinson’s disease). In
sum, 11 cohorts provided 5521 participants; 2978 cases
with SCD and 1391 controls without SCD, see Fig. 1 for
an overview of participant selection.
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2.3. Outcome measure

The main outcome measure was progression to dementia.
Definitions and criteria of specific dementia used in each
cohort are provided in the supplement or study design
reports. Besides dementia due to AD [13,16], we evaluated
the following non-AD dementia: VaD [17], FTD [14], and
DLBs [15]. Other less frequent neurodegenerative causes
of dementia, such as corticobasal syndrome or progressive
supranuclear palsy, were classified as “dementia other.”

2.4. Demographic features of the study population

Sociodemographic features and cognition were assessed
in each cohort. Here, we report on age, sex, education, global
cognition, and APOE €4 carrier status. Information on years
of education was available for 2142 (71.9%) participants.
Cognitive function was screened with the Mini—-Mental State
Examination (MMSE) [18] and available for 2928 (98.3%)
participants. APOE genotyping was performed according
to local procedures and available for 2417 (81.2%) partici-
pants. We dichotomized APOE &4 status (0 €4 alleles vs. 1
or 2 &4 alleles).

2.5. Statistical analyses

Data were analyzed using SPSS (version 22; IBM, Armonk,
NY, USA) and Stata 15 (Stata Statistical Software: Release 15,
StataCorp LP). We evaluated baseline characteristics and
assessed differences between memory clinics and community
cohorts using linear mixed models (continuous variables) or
generalized estimating equations (dichotomous variables),
taking into account random center effects.

We calculated incidence rates of dementia per 1000
person-years with accompanying 95% Poisson confidence
intervals and incidence rates of AD and non-AD dementia
separately.

We studied the effect of age, sex, MMSE, number of
education years, APOE &4 carrier status, and recruitment
setting (memory clinic vs. community cohort) on the risk of
dementia by using shared-frailty Cox proportional hazards
models, taking into account within-group center effects. We
conducted simple and multiple Cox regression models and
accounted for residual variation in progression risk among
studies by including a center-specific random effect. To eval-
uate whether effects of MMSE and education were generaliz-
able between centers, we added mean MMSE and mean
number of education years per center as variables. Finally,
we added interaction effects of recruitment setting and vari-
ables age, sex, MMSE, and number of education years. We
repeated the analyses stratified for AD and non-AD dementia.

For visualization, we constructed Kaplan-Meier curves of
progression to dementia in general and for dementia due to
AD and to non-AD per decade of age. When calculating
the risk of AD, cases progressing to non-AD dementia
were censored and vice versa. P < .05 was considered to
be significant.

N=5521
Available cases

Exclusion
N=660 MCIl/dementia
N=492 no follow up

A 4

N=4369
Cases with normal cognition

N=1391
Without SCD (controls)

A4

N=2978
Cases with SCD

N=1448 SCD in
community cohorts

N=1530 SCD in
memory clinics

Fig. 1. Flowchart of participant selection. Overview of inclusion of
participants. Abbreviations: MCI, mild cognitive impairment; SCD,
subjective cognitive decline.

3. Results
3.1. Demographics

Table 2 shows the baseline demographic features of the
study population. Individuals with SCD in memory clinic
cohorts were on average 10 years younger, and they were
less often females, had more years of education, and
were more often APOE €4 positive than individuals
with SCD in community-based cohorts and controls.
Adjusted for random center effects, MMSE scores were
lower in controls than in individuals with SCD. For all
variables, individuals with SCD from the community
were intermediate between SCD from a memory clinic
and controls. Center characteristics are provided in
Supplementary Table.

3.2. Progression to AD and non-AD dementia

During follow-up, 3.9 *+ 2.2 years (range 0.9-12.8 years),
84 (6% of 1391) controls without SCD progressed to
dementia, of which 61 (66% of demented) to AD and 23
(33% of demented) and non-AD. Among individuals with
SCD, 194 (7% of 2978) progressed to dementia, attributed
to AD for 127 (65% of demented) or another type of
dementia for 67 (35%). Within the non-AD dementia cohort,
30 (16% of all dementia cases) individuals with SCD
progressed to VaD, 8 (4%) progressed to frontotemporal
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Table 2
Baseline demographic features of study participants (N = 4369)

All Controls Community Memory clinic

Characteristics N = 4369 N = 1391 N = 1448 N = 1530 P value
Number of cohorts 6 5 6
Age, year 73+£9 77 x7 76 £ 6 679 .000
Female gender 2611 (60%) 889 (64%) 901 (62%) 821 (54%) .000
MMSE . 283 = 1.7 279+ 19 284+ 14 284 = 1.6 .000*
Education, year‘v 12+ 4 11£5 10 = 4 14 =4 .000
APOE &4 carrier 888 (28%) 184 (26%) 261 (22%) 443 (36%) .000
Follow-up, year 39x22 43*20 39 %20 3523 .000

NOTE: Values are displayed as unadjusted mean * standard deviation (SD) or N (%). Differences between memory clinic and community cohorts were
assessed using linear mixed models (continuous variables) or generalized estimating equations (dichotomous variables) taking into account center random

effects.

*When taking into account center random effects, MMSE is lower in controls versus community cohorts versus memory clinic cohorts (P < .001),

whereas unadjusted means are shown in the table.

*Data available for 77% (memory clinic 98%, community 44%, controls 88%).
Data available for 72% (availability memory clinic 82%, community 81%, controls 51%).

lobar degeneration (FTLD), 9 (5%) to DLB, and 20 (10%) to
another type of non-AD dementia. Fig. 2 shows the percent-
ages of dementia diagnoses in community cohorts and mem-
ory clinics. In a multilevel model, we compared percentages
of dementia diagnoses in community and memory clinic co-
horts and found that individuals with SCD in community-
based cohorts more often received a diagnosis of VaD
(23% community vs. 9% memory clinic [P = .01]). By
contrast, diagnoses of DLB and FTLD were more frequently
made in a memory clinic setting (DLB 8% memory clinic vs.
1% community (P =.070); FTLD: 8% memory clinic versus
0% community, model did not converge). The percentage of
adiagnosis of AD did not differ between recruitment settings
(67% vs. 63%, P = .55),\\ nor did the number of cases with
“dementia other” (memory clinic 8% vs. community cohort
13% [P = .34]).

3.3. Incidence rate of dementia

Among individuals with SCD, the incidence rate of
dementia was 17.7 (95% Poisson confidence interval

Dementia other
or non-specified
Dementia Lewy 9 (8%)
Bodies
8 (8%)

MEMORY CLINIC

Frontotemporal
Dementia
8 (8%)

Vascular
Dementia
10 (9%)
Alzheimer's
Disease
72 (67%)

Vascular Dementia

15.2-20.3) per 1000 person-years. The incidence rate per
1000 person-years for dementia due to AD was 11.5
(9.6-13.7) and for non-AD dementia 6.1 (4.7-7.7). In
controls without SCD, the incidence rate of dementia was
14.2 (11.3-17.6); 10.1 (7.7-13.0) for AD and 4.1 (2.6-6.0)
for non-AD. Table 3 shows the incidence rates of dementia
in memory clinics (20.0 [16.4-24.1]) and community cohorts
(15.4 [12.3-19.0]) per decade and for AD and non-AD
dementia separately. Incidence rates increased with age, as
visualized in Figs. 3 and 4. Multivariate Cox proportional
hazards models showed that compared to controls without
SCD, individuals with SCD in memory clinic cohorts are
at a clearly increased risk of dementia (Table 4). The
increased risk of dementia in community-based cohorts
did not reach significance. In addition, higher age, lower
MMSE, and APOE €4 carrier status were independent
predictors of incident dementia. We evaluated center random
effects for MMSE and education in the Cox proportional
hazards models, which did not specifically alter results,
concluding that findings were generalizable for MMSE
and education.

Dementia other or COMMUNITY
non-specified
11 (13%)
Dementia Lewy
Bodies

1(1%)

20 (23%)

Alzheimer's Disease
55 (63%)

Fig. 2. Type of dementia diagnosis in memory clinic and community settings. Dementia diagnoses per type of recruitment setting. Total number of dementia
diagnoses: memory clinic n = 107, community n = 87. Results are represented as N (%).
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Table 3

Incidence rates of dementia in general, and dementia due to AD and non-AD

Incidence rate/1000 person-years (95% Poisson confidence intervals)

Number of
Groups with age-bins person years Dementia AD Non-AD
Controls (n = 1391)
All 14.2 (11.3-17.6) 10.1 (7.7-13.0) 4.1 (2.6-6.0)
Age category
<60 55 0 0 0
60-70 859 2 (0-8) 2 (0-8) 0
70-80 3379 7(5-11) 4 (2-7) 3 (2-6)
80-90 1547 33 (25-43) 25 (18-34) 8 (4-14)
>90 81 74 (27-161) 62 (20-144) 12 (0-69)
Community (n = 1448)
All 5647 15.4 (12.3-19.0) 9.7 (71.3-12.7) 5.7 (3.9-8.0)
Age category
<60 12 0 0 0
60-70 904 2 (0-8) 2 (0-8) 0
70-80 3222 11 (8-15) 6 (4-9) 5(3-8)
80-90 1509 32 (24-42) 23 (16-32) 9 (5-16)
>90 47 60 (12-175) 20 (1-111) 40 (5-145)
Memory clinic (n = 1530)
All 5355 20.1 (16.4-24.1) 13.4 (10.5-16.9) 6.5 (4.6-9.1)
Age category
<60 1271 6 (2-11) 2 (0-6) 4 (1-9)
60-70 1952 17 (12-24) 11 (7-16) 6 (3-11)
70-80 1571 32 (24-42) 22 (15-30) 10 (6-16)
80-90 447 26 (20-58) 31 (17-52) 4 (1-15)
>90 12 0 0 0

Abbreviation: AD, Alzheimer’s disease.

NOTE: Results are displayed as incidence rates (95% Poisson confidence interval) per 1000 person-years. Analyses stratified for AD and non-AD types of

dementia, age category, and recruitment setting.

Stratified for AD or non-AD outcomes, the increased risk
of dementia in individuals with SCD was particularly
attributable to incident non-AD dementia. Lower MMSE
increased the risk of both AD and non-AD dementia
(Table 4), while higher age was associated with an increased
risk of non-AD dementia. There was no significant effect of
sex, education, or APOE in the stratified analyses.

4. Discussion

In this multicenter study including both memory clinic
and community-based cohorts of SCD, we evaluated
incidence rates of dementia, both for AD and non-AD. We
found an overall dementia incidence rate in individuals
with SCD of 17.7 per 1000 person-years, compared to 14.2
in controls without SCD. Particularly, in memory clinic
patients with SCD, the risk of non-AD dementia is strongly
increased. In line with incidence studies of dementia
subtypes [19,20], roughly one of 3 incident dementia in
individuals with SCD cases was due to non-AD. Of note,
non-AD dementia in memory clinics often comprised FTD
or DLB, while in community-based cohorts, VaD was
relatively more common. Other determinants of incident
dementia included higher age, lower baseline cognition,
and APOE €4 carriership.

Our data clearly showed that recruitment setting modifies
the risk of progression from SCD to dementia. It is well
known that recruitment setting (i.e. memory clinic Vvs.
community) affects studies in SCD [3,21,22]. However,
the number of studies directly comparing recruitment
setting is small [9,23-25]. A previous meta-analysis
suggested that the annual conversion rate from SCD to
dementia did not differ between memory clinics and
community cohorts [9], and likewise at first sight, our
memory clinic cohorts also had only slightly higher
incidence rates (20.1/1000 person-years) compared with
community cohorts (15.4/1000 person-years). However,
heterogeneity between studies has repeatedly been
mentioned in SCD studies [9,21], and a recent study
showed that progression to MCI is more common in
individuals with SCD recruited at a memory clinic than in
a community-based setting [26]. We also observed great
heterogeneity between cohorts in study design, center, and
patient characteristics, and to allow meaningful pooling of
data, we used a multilevel statistical approach, carefully
taking into account center differences. Particularly, memory
clinic cohorts were on average a decade younger, explaining
their overall lower incidence. When we stratified by age, our
data revealed that in every age bin, incidence of dementia is
higher in the memory clinic than in the community-based
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Fig. 3. Incidence rates of dementia and AD and non-AD dementia. (A) Incidence rates of dementia per decade in individuals with SCD and controls.
(B) Incidence rates of AD and non-AD dementia per decade. Results are presented as incidence rates per 1000 person-years (95% Poisson confidence intervals)
per decade. Abbreviations: AD, Alzheimer’s disease; CI, confidence interval; SCD, subjective cognitive decline.

cohorts of individuals with SCD. The only exception was the
oldest age bin >90 years, where data in memory clinics were
simply lacking, and the incidence of dementia in
community-based cohorts was high. Our data illustrate that
memory clinic patients who actively seek help for
their perceived cognitive problems, indeed, are more
likely to experience the first (preclinical) signs of a
neurodegenerative disease [23,24].

Our findings provide evidence that SCD is not only a
potential harbinger of AD but also of other dementia.
Two-third of incident dementia in individuals with SCD
was attributable to AD dementia, whereas approximately
one-third was attributable to another type of dementia. The
relative frequencies of individuals with SCD progressing
to FTLD, DLB, and VaD seemed comparable with previous
dementia incidence studies [19,20,27-29]. In memory clinic
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Fig. 4. Kaplan-Meier curves of cumulative risk of dementia in controls and individuals with subjective cognitive decline in memory clinic and community
cohorts. Kaplan-Meier curves of the cumulative risk of progression to dementia per decade, stratified for recruitment setting.

cohorts, DLB and FTLD were more frequently diagnosed
than in community cohorts. By contrast, VaD was more
often diagnosed in the older community cohort individuals
with SCD. This difference could be a reflection of
differing operationalization of diagnostic criteria for
dementia, which may be handled differently between
settings [30], for example, VaD in memory clinic
settings often requires neuroimaging criteria, whereas in
community-based settings such a diagnosis may be based
on clinical presentation only. Diagnosis of DLB or FTLD
requires careful neurological examination by an expert
neurologist, available mostly in specialized clinics rather
than in community settings. Also, individuals with early
VaD or DLB might be referred for evaluation to general
neurology, instead of a memory clinic, as patients complain
rather of neurological symptoms, such as parkinsonism or
gait change, than memory decline. Furthermore, individuals

with FTLD may be less likely to participate in voluntary
studies because of disease characteristics [31].

The large majority of individuals with SCD in both
memory clinic and community-based cohorts did not
progress to any type of dementia, but rather remained
cognitively normal. Despite the growing interest in SCD as
a putative first syndrome stage of AD, the group of
individuals seeking help where a neurodegenerative
disorder can be excluded as cause of their problems also
merits our attention. From studies in the field of MCI and
early studies in SCD, it is clear that, for example, cerebrospi-
nal fluid biomarkers have particularly good negative predic-
tive value, illustrating that their optimal clinical use is for
reassurance of individuals with normal biomarkers [32,33].
Alternative causes of SCD could be subclinical psychiatric
disorders, personality traits, or surmenage. Individuals
with SCD who are unlikely to progress to AD or non-AD

Table 4
Associations between determinants and the risk of dementia in general and dementia due to AD and non-AD in a combined SCD sample (n = 4369)
Dementia AD Non-AD
Determinant Model 1 Model 2 Model 1 Model 2 Model 1 Model 2
Controls ref ref ref ref ref
SCD—community 2.10.6-77) 1.5(04-5.8) 1.8 (0.8-4.1) 0.7 (0.3-1.9) 4.6 (1.1-19.0) 2.2 (0.5-9.7)
SCD—memory clinic 10.0 (2.9 - 34.0) 10.4 (3.4 -32.0) 1.7 (0.8 - 3.6) 2.0(1.0-4.1) 12.7 (3.1-51.4) 7.1(1.8-27.3)
Age, years 1.1(1.1-1.1) 1.1(1.1-1.1) 1.0 (1.0 - 1.0) 1.0 (1.0 - 1.0) 1.09 (1.05 - 1.12) 1.07 (1.02 - 1.11)
Female gender 1.1(09-14) 1.0 (0.7 - 1.5) 1.0 (0.9 - 1.04) 1.0 (09-1.1) 0.8 (0.5-1.3) 0.6 (0.3 -1.0)
MMSE" 0.7 (0.65 - 0.8) 0.95 (0.92 - 0.98) 0.8 (0.7-0.9)
Education, years* 1.0 (0.97 - 1.1) 1.0 (0.98 — 1.01) 1.0 (0.9-1.1)
APOE g4 status' 1.8 (1.3-2.5) 1.0(09-1.1) 1.1 (0.6-2.1)

Abbreviations: AD, Alzheimer’s disease; SCD, subjective cognitive decline.

NOTE: Results are presented as hazard ratios (95% confidence interval) and reflect the risk of progression from SCD to dementia in general and dementia due
to AD and non-AD. Model 1: age and gender adjusted. Model 2; additionally adjusted for MMSE, education in years, and APOE €4 status (due to missing data in
MMSE, education, and APOE, model 2 has less observations). HRs were calculated per determinant in univariate models and combined in multivariate models.

"Higher scores reflect better performance.
*Data available for 77%.
'Data available for 72%.
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dementia could be reassured and might benefit from
counseling and/or lifestyle interventions, aiming to promote
a healthy brain.

We evaluated which determinants contributed to an
increased risk of progression from SCD to dementia and
found that higher age, lower baseline MMSE, APOE &4
status, and recruitment setting resulted in an increased risk
of dementia, which is consistent with the literature
[9,34,35]. We found that higher age contributed relatively
more to the risk of AD than non-AD dementia in individuals
with SCD. A possible explanation could lie in the fact that
some non-AD dementia, such as FTLD, are relatively more
often diagnosed at a younger age, thus reflecting less contri-
bution of a higher chronologic age in the risk of non-AD de-
mentia in comparison with AD dementia [31]. The effect of
MMSE on the risk of clinical progression also seemed stron-
ger for AD than for non-AD. The MMSE is mainly designed
as a global cognitive screening tool and most sensitive for dis-
turbances in memory and orientation [ 18]. Because the mem-
ory domain is relatively less affected in non-AD dementia, it
is conceivable that MMSE is less sensitive for non-AD de-
mentia [36]. APOE &4 status was associated with an increased
risk of dementia, which appeared to be attributable to the risk
of AD but not to non-AD, which is in agreement with the
literature [37,38].

The limitations of the study include the substantial
heterogeneity in cohort characteristics. The heterogeneity
includes differences in demographics of participants among
centers and substantial inherent center characteristics
such as the definition of SCD, the administered SCD
questionnaires, the use of (magnetic resonance imaging,
positron emission tomography, or cerebrospinal fluid) bio-
markers in the diagnostic process, and the outcome measures
(differences in dementia criteria used). Furthermore, recruit-
ment setting has been shown to be a moderator of SCD re-
sults, as discussed previously. Nonetheless, we were able
to combine these cohorts by using a multilevel statistical
approach, using shared-frailty Cox models and taking into
account random center effects. Our results underline the
importance of the harmonized research criteria for SCD,
which have been put forward by the SCD-I working group
[3,39]. In this study, we had no information available on
different domains of cognitive complaints, such as
memory domains versus nonmemory domains. As one-
third of dementia diagnoses were non-AD, evaluation of
SCD in nonmemory domains using questionnaires and also
qualitative assessment is of interest to better understand
the underlying pathology of SCD [40]. Also, we had no
comprehensive cognitive test battery or biomarker data
available for a large part of our cohort, and we cannot
exclude the possibility of misdiagnosis in a number of cases.
Future studies should include a wider range of cognitive tests
and biomarkers to further evaluate the process of
differentiating between AD and non-AD types of dementia.
We did not take into account all available SCD cohorts, but
this collaborative study did originate from the International

Society to Advance Alzheimer’s Research and Treatment’s
SCD Professional Interest Area, including all centers that
wanted to contribute data. The strengths of the study,
therefore, include the large sample of SCD patients, with
participating centers from around the world. Furthermore,
this is the first time that the incidence of non-AD dementia
is evaluated in the context of SCD.

Members of the international SCD Working Group
(SCD-I) have published a conceptual framework on SCD
research to facilitate harmonization of SCD research
[3,39]. The framework, however, is focused on the
detection of preclinical AD and not so much on the
preclinical stages of other dementia. The risk of preclinical
AD has been suggested to be specifically modified by
self-reported memory decline [7], and a large overview of
SCD measures indicated that most instruments indeed
evaluate memory-specific decline [3,21]. However, as
approximately one-third of progressing patients in our
SCD sample progressed to another type of dementia than
AD, the importance of nonmemory characteristics needs to
be considered when evaluating SCD.
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RESEARCH IN CONTEXT

1. Systematic review: We evaluated literature on
incidence numbers of subjective cognitive decline
(SCD) and risk factors of progression from SCD to
dementia, with a particular focus on both AD and
non-AD types of dementia.

2. Interpretation: This large collaborative study
including 2978 participants with SCD, indicated
that SCD is a prodrome of both AD and non-AD
dementia. Risk factors for progression from SCD to
dementia included higher age, lower MMSE, apoli-
poprotein E, and recruitment setting, specifically
memory clinic setting.

3. Future directions: As we evaluated risk factors for
progression from SCD to dementia, we concluded
that these risk factors, in particular recruitment
setting, should be taken into account while interpret-
ing and comparing future study results. Future
studies may include biomarker data while assessing
risk factors of progression from SCD to dementia.
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