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Abstract

Background and Purpose: This study evaluated associations of brain amyloid with 2-year
objective and subjective cognitive measures in a trial-ready older general population at
risk for dementia.

Methods: Forty-eight participants in the Finnish Geriatric Intervention Study to
Prevent Cognitive Impairment and Disability underwent *'C-Pittsburgh compound B
(PiB) positron emission tomography (PET) scans and assessment of cognition (modified
Neuropsychological Test Battery [NTB]) and subjective memory complaints (Prospective
and Retrospective Memory Questionnaire).

Results: Mean age was 71.4 +5.06years, and 20 participants (42%) had positive baseline
PiB-PET scans. Amyloid positivity was associated with lower NTB executive function at
baseline and less favorable 2-year NTB total score and memory trajectories, but not with
other objective or subjective cognitive measures. Overall, there was little cognitive de-
cline during 2years.

Conclusions: Amyloid accumulation may affect objective but not necessarily subjec-
tive cognition from a very early at-risk stage, although substantial decline likely requires

>2years to occur.
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INTRODUCTION

Amyloid-beta (Ap) accumulation, a key neuropathological change
in Alzheimer disease (AD), can occur decades before dementia
onset [1]. However, the significance of Ap accumulation for cog-
nitive decline is still debated [2]. Ap-targeted disease-modifying
therapies are assumed to be more effective if started early [2], but
the AB-cognition relation in older cognitively normal individuals
is not fully clear, complicating recruitment of suitable clinical trial
participants. Associations between amyloid status and cognition
among cognitively normal older adults have been investigated in
mostly cross-sectional but also in longitudinal studies, with varying
results. One meta-analysis reported Ap-related cognitive impair-
ment in global cognition, visuospatial function, processing speed,
episodic memory, and executive function, and also Ap-related de-
cline over time in global cognition, semantic memory, visuospatial
function, and episodic memory [1]. A recent systematic review
found inconsistent results across studies investigating associations
between AB-positivity and various cognitive, measures with some
studies reporting significant associations, whereas others reported
no associations [3]. The International Working Group (IWG) 2021
recommendations for AD diagnosis have also emphasized that Ap-
positive cognitively normal individuals may not necessarily experi-
ence cognitive decline [2].

Subjective cognitive complaints (SCC) may represent the first
AD symptoms [4]. Although there are reports of associations of
Ap accumulation with SCC [5, 6], a meta-analysis of the preva-
lence of A pathology in people without dementia reported that
the frequency of AD biomarker profiles was similar between peo-
ple with and without SCC [7]. Longitudinally, one study linked Ap
pathology to increasing complaints over time [8], whereas an-
other study showed no association [9] in older cognitively normal
individuals.

In this study, we investigated cross-sectional and longitudinal
associations of Ap accumulation on 11C-Pittsburgh compound B
(PiB) positron emission tomography (PET) imaging with subjec-
tive and objective cognitive performance in older adults at risk for
dementia, but without substantial impairment. Study participants
were part of the Finnish Geriatric Intervention Study to Prevent
Cognitive Impairment and Disability (FINGER). We hypothe-
sized that Ap accumulation would be related to both subjective
and objective cognitive performance across multiple domains.
These associations have not been previously investigated in
trial-ready general at-risk populations. Analyzing a “trial-ready”

population is particularly important for addressing challenges

Alzheimer disease, amyloid, clinical trial, cognition, PiB-PET

of finding the right individuals at the right time and for the right

interventions.

METHODS
Study population

The FINGER trial protocol and primary results have been published
[10, 11]. Briefly, FINGER was a 2-year randomized controlled trial of
a multidomain lifestyle intervention (nutrition advice, exercise pro-
gram, cognitive training and social activities, and vascular/metabolic
risk monitoring) compared to regular health advice among 1260
older individuals from the general Finnish population. Eligibility
criteria included age 60-77 years, cardiovascular risk factors, aging
and dementia (CAIDE) Dementia Risk Score 26 points, and cognitive
performance around the mean level or slightly lower than expected
for age. Individuals with dementia or substantial impairment were
excluded. The primary outcome was change in cognition assessed
with a modified version of the Neuropsychological Test Battery
(NTB) [12, 13].

The FINGER (ClinicalTrials.gov identifier: NCT01041989) study
was approved by the coordinating ethics committee of the Hospital
District of Helsinki and Uusimaa. Written informed consent was
obtained from participants during screening and baseline visits.

Separate written informed consent was obtained for the PET scans.

PiB-PET assessment

Recruitment and protocol of the FINGER PiB-PET substudy (Turku
PET Center) were previously described (Data S1) [14]. This substudy
population (N=48) was not significantly different from the rest of
the FINGER trial, except for somewhat older mean age (70.8 vs.
69.3years) [14]. Brain scans were conducted in connection with the
FINGER baseline visit.

Participants underwent 3-T brain magnetic resonance imaging,
and a dynamic scan was performed from 60 to 90 min (3x 10-min
frames) after XC-PiB-PET injection (Philips Ingenuity TF PET/MR,
Amsterdam, the Netherlands). Two experienced readers assessed
the scans visually as A+ based on regional patterns of PiB reten-
tion and following consensus agreement. PiB-positive individuals
had *C-PiB-PET retention in at least one cortical region character-
istically affected in AD, whereas PiB negative individuals had only

nonspecific 11C-PiB-PET retention in white matter.
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Cognitive assessment

NTB was administered at baseline and 1- and 2-year visits by
trained study psychologists blinded to randomization group alloca-
tion. Prespecified primary (NTB total score) and secondary cogni-
tive outcomes (NTB memory, executive function, and processing
speed scores) were calculated as composite z-scores standardized
to the baseline mean and SD, with higher scores showing better
performance, as previously described [14]. The Prospective and
Retrospective Memory Questionnaire was used for self-assessment
of SCC at the 6-month and 2-year trial visits; a total score and pro-
spective and retrospective memory scores were calculated, with

higher scores indicating more subjective complaints [14].

Statistical analyses

Baseline characteristics of Ap+ groups were compared using t-test
or X2 test as appropriate. Associations between Ap+ status at base-
line and NTB measures were assessed with mixed effects regression
models with maximum likelihood estimation. In the main models,
change in cognitive scores was analyzed as a function of Af+ sta-
tus at baseline, Ap status x time interaction, randomization group,
time, and group x time interaction. In these models, the Af status
term showed the AB-cognition association at baseline, whereas the
Ap status x time interaction term showed the association between
baseline AB and longitudinal cognitive change. Further adjustments

of the main models were conducted separately for age, sex, or

education. Results are reported as estimates and 95% confidence
interval (Cls).

Associations between AP+ status at baseline and SCC were
analyzed using linear regression models adjusted for age, sex, and
education with further adjustment for randomization group for lon-
gitudinal analyses of change in SCC. SCC change was calculated as
the difference between 24- and 6-month values, and zero-skewness
log-transformed.

Statistical analyses were conducted with Stata 15 statistical

software; p<0.05 was considered statistically significant.

RESULTS

Participant characteristics are shown in Table S1. Baseline Ap+ sta-
tus was significantly associated with lower baseline executive
function in the main model (Table 1) and after adjustment for sex.
Estimates were slightly lower after adjustment for age or educa-
tion, and they were no longer statistically significant (Table 1). No
other associations were found between A+ status and baseline
NTB measures. Baseline Ap+status was significantly related to
poorer performance over time for NTB total and memory scores
in the main model (Table 1, Figure 1). For change in NTB memory,
this association remained significant after further adjustment for
age, sex, or education. For change in NTB total score, estimates
were similar after further adjustment, although the 95% Cl became
slightly broader and included the null value in the age-adjusted

model (Table 1). No significant associations were found between

TABLE 1 Associations between baseline amyloid status and objective cognitive performance.

Main model with further adjustments

Objective cognitive measures

Main model

Age

Education

Sex

NTB total score
Baseline
Change over time
NTB memory score
Baseline

Change over time

NTB processing speed score

Baseline

Change over time

NTB executive function score

Baseline

Change over time

-0.20(-0.51,0.11)
-0.10(-0.20, -0.01)

-0.03(-0.32,0.37)
-0.18(-0.34, -0.03)

-0.35(-0.85, 0.16)
-0.06 (-0.23,0.10)

-0.38(-0.70, -0.05)
-0.02(-0.13,0.09)

-0.11 (-0.39, 0.16)
-0.08(-0.17,0.01)

0.12(-0.20, 0.44)
-0.15(-0.30, -0.01)

-0.24(-0.73,0.24)
-0.04(-0.21,0.12)

-0.30(-0.62, 0.01)
0.00(-0.11,0.11)

-0.11 (-0.39,0.17)
-0.10(-0.20, -0.001)

0.12(-0.20, 0.45)
-0.19 (-0.35, -0.04)

-0.28 (-0.79,0.22)
-0.04(-0.21,0.12)

-0.28(-0.58,0.02)
-0.01(-0.12,0.11)

-0.18 (-0.49, 0.13)
-0.12 (-0.21, -0.02)

0.08 (-0.26, 0.42)
-0.20(-0.35, -0.05)

-0.33(-0.84,0.18)
-0.08 (-0.24, 0.09)

-0.39 (-0.72, -0.07)
-0.02 (-0.14, 0.09)

Note: For estimates and 95% confidence intervals in bold, p-value <0.05. Estimates and 95% confidence intervals are shown from mixed effects
regression models with maximum likelihood estimation. In the main model, change in cognitive scores was analyzed as a function of baseline amyloid
status (+), amyloid status x time interaction, randomization group, time, and group x time interaction. The amyloid status term shows the association
between amyloid status and cognition at baseline, whereas the amyloid status x time interaction term shows the association between baseline
amyloid status and change in cognition over time. Further adjustments for age, education, or sex also included their impact on change in cognition
over time (age, age x time; education, education x time; sex, sex x time interactions).

Abbreviation: NTB, Neuropsychological Test Battery.

85U8017 SUOWILLIOD @A 18810 3eoldde ayy Aq peusenob a1e s9jolie YO ‘@S Jo SNl 10} ArIq178UIIUO A1 UO (SUOTIPUOD-PUB-SWLBIWO A8 |IMAeIq 1 [BUI|UO//SANL) SUORIPLOD PUe SWie | 8U 88 *[7202/80/T2] U0 Akeid)Tauluo A8]I ‘P31 Suoiedl|gnd 91PN Wisepona Ad 98T 8US/TTTT'OT/I0p/L00" A3 | 1M ARe.d 1 |euluo//:sdny woly papeojumod ‘0 ‘TEET8IKT



40f5 |

SAADMAAN ET AL.

@, (b)

NTB total score
NTB memory score
(o]

0 | v |

FIGURE 1 Baseline amyloid status
and change in objective cognitive
performance. A graphical representation
shows change in cognitive performance
over time (a, Neuropsychological Test
Battery [NTB] total score; b, NTB memory
score; ¢, NTB processing speed score; d,
e NTB executive function score) for the
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baseline AB+ status and baseline or longitudinal change in SCC (re-

sults not shown).

DISCUSSION

This study examined the links between brain amyloid and objective
and subjective cognitive measures in a trial-ready at-risk general
population. Ap accumulation showed some associations with objec-
tive but not subjective cognition. There was little difference in base-
line cognition between Ap+ groups. However, the 2-year trajectories
of memory and global cognition were less favorable in the Ap+group.
Interestingly, the impact of Ap+status on objective memory change
did not translate into a similar impact on SCC, although SCC have
been suggested as one of the first AD symptoms [4].

Although 42% of individuals in this general at-risk popula-
tion were Ap+at baseline, there was little cognitive decline during
2years. This is in line with previous reports that many asymptomatic
A+ people can remain cognitively stable over time [2]. According to
IWG 2021, AD diagnosis is clinical-biological, requiring both clinical
symptoms and positive AD biomarkers. Our results do not indicate
a clear link between A accumulation and SCC; that is, SCC alone
may not be a reliable early AD symptom. SCC plus other features not
assessed in this study (e.g., duration, worry, informant confirmation)
have been proposed as more indicative for preclinical AD [4].

Because this study included a trial-ready general at-risk popu-
lation, our findings are especially important for AD/dementia pre-
vention trials testing early interventions in Ap+individuals without
substantial cognitive impairment. Baseline cognitive performance

1 year 2 years

alone was not very different between Ap+ and AB- groups. Although
Ap+status seemed to affect cognitive trajectories, a 2-year time-
span, now common in many clinical trials, may not be sufficient to
detect significant cognitive decline.

The FINGER trial recruited individuals with various risk factors
for dementia but without substantial cognitive impairment, provid-
ing the opportunity to study Ap accumulation at a very early at-risk
stage. The main limitation of the present study is the small sample
size, restricting statistical power. Participants in the PET substudy
were similar to the FINGER population but slightly older, which may
have influenced results, because SCC are more common with ageing.
Data on tau pathology markers were not available. Moreover, visual
rating (common in clinical settings) was used to determine Ap status,
as there is currently no commonly accepted cutoff for A pathology
on PET scans. The 2-year period was too short for the at-risk par-
ticipants to develop dementia, and ongoing extended follow-up will
determine dementia status.

In conclusion, brain A accumulation may affect cognition from
a very early at-risk stage, but substantial cognitive decline will likely
require a longer time to occur. Further studies with larger popula-
tions and longer follow-up time are needed to accurately predict the

rate of decline at the individual level.

AUTHOR CONTRIBUTIONS

Gazi Saadmaan: Writing - original draft; formal analysis; writing - re-
view and editing. Anette Hall: Formal analysis; writing - review and
editing. Tiia Ngandu: Conceptualization; data curation; investiga-
tion; writing - review and editing. Nina Kemppainen: Data curation;
investigation; writing - review and editing. Francesca Mangialasche:

85U8017 SUOWILLIOD @A 18810 3eoldde ayy Aq peusenob a1e s9jolie YO ‘@S Jo SNl 10} ArIq178UIIUO A1 UO (SUOTIPUOD-PUB-SWLBIWO A8 |IMAeIq 1 [BUI|UO//SANL) SUORIPLOD PUe SWie | 8U 88 *[7202/80/T2] U0 Akeid)Tauluo A8]I ‘P31 Suoiedl|gnd 91PN Wisepona Ad 98T 8US/TTTT'OT/I0p/L00" A3 | 1M ARe.d 1 |euluo//:sdny woly papeojumod ‘0 ‘TEET8IKT



BRAIN AB, SUBJECTIVE/OBJECTIVE COGNITION

50f5

Writing - review and editing. Gayle M. Wittenberg: Writing - re-
view and editing. Anna Matton: Writing - review and editing. Juha
O. Rinne: Conceptualization; resources; writing - review and edit-
ing. Miia Kivipelto: Conceptualization; funding acquisition; writing -
review and editing; supervision. Alina Solomon: Conceptualization;
funding acquisition; supervision; writing - review and editing.

FUNDING INFORMATION

This work was supported by the European Research Council (grant
804371); a research collaboration between Finnish Institute for
Health and Welfare, Karolinska Institute, and Janssen Pharmaceutica
(research project “Prediction modelling, identification and vali-
dation of novel molecular signatures of dementia”); EU Joint
Program-Neurodegenerative Disease Research EURO-FINGERS and
Multi-MeMo grants; an ERA PerMed Pattern-Cog grant; a NordForsk
NJ-FINGERS grant; Alzheimerfonden (Sweden); the Swedish Research
Council; Region Stockholm ALF (Sweden); the Center for Innovative
Medicine at the Karolinska Institute (Sweden); Stiftelsen Stockholms
Sjukhem (Sweden); the Knut and Alice Wallenberg Foundation
(Sweden); the Swedish Research Council for Health, Working Life,
and Welfare (FORTE); the Research Council of Finland; the Juho
Vainio Foundation (Finland); Kela (Finland); the Ministry of Education
and Culture (Finland); the Sigrid Jusélius Foundation (Finland); and
the Alzheimer's Research and Prevention Foundation (USA). Janssen
Research & Development provided input in study design and data
interpretation. Other funding sources had no role in the design and
conduct of the study; in the collection, analysis, and interpretation of

the data; or in the preparation and review of the manuscript.

CONFLICT OF INTEREST STATEMENT
G.M.W. is an employee of Janssen Research & Development. The

other authors report no disclosures.

DATA AVAILABILITY STATEMENT

Data used in this study are not publicly available for ethical and legal
reasons, but the data are available upon request. Those fulfilling the
requirements for viewing confidential data as required by Finnish
legislation and the Finnish Institute for Health and Welfare are able
to access the data after completion of a material transfer agreement.

Requests may be directed to kirjaamo@thl.fi.

ORCID

Gazi Saadmaan "= https://orcid.org/0000-0002-0925-7609

REFERENCES

1. Baker JE, Lim YY, Pietrzak RH, et al. Cognitive impairment and de-
cline in cognitively normal older adults with high amyloid-f: a meta-
analysis. Alzheimers Dement (Amst). 2016;6:108-121. doi:10.1016/j.
dadm.2016.09.002

2. Dubois B, Villain N, Frisoni GB, et al. Clinical diagnosis of
Alzheimer's disease: recommendations of the international work-
ing group. Lancet Neurol. 2021;20(6):484-496. doi:10.1016/
S1474-4422(21)00066-1

3. Parent C, Rousseau LS, Predovan D, Duchesne S, Hudon C.
Longitudinal association between R-amyloid accumulation and

cognitive decline in cognitively healthy older adults: a systematic re-
view. Aging Brain. 2023;3:100074. doi:10.1016/j.nbas.2023.100074
4. Jessen F, Amariglio RE, van Boxtel M, et al. A conceptual frame-
work for research on subjective cognitive decline in preclinical
Alzheimer's disease. Alzheimers Dement. 2014;10(6):844-852.
doi:10.1016/j.jalz.2014.01.001
5. Vogel JW, Dolezalovd MV, Joie RL, et al. Subjective cogni-
tive decline and p-amyloid burden predict cognitive change in
healthy elderly. Neurology. 2017;89(19):2002-2009. doi:10.1212/
WNL.0000000000004627
6. Schwarz C, Lange C, Benson GS, et al. Severity of subjective cogni-
tive complaints and worries in older adults are associated with cere-
bral amyloid-p load. Front Aging Neurosci. 2021;13:13. d0i:10.3389/
fnagi.2021.675583
7. Jansen WJ, Ossenkoppele R, Knol DL, et al. Prevalence of cerebral
amyloid pathology in persons without dementia: a meta-analysis.
JAMA. 2015;313(19):1924-1938. d0i:10.1001/jama.2015.4668
8. Amariglio RE, Buckley RF, Mormino EC, et al. Amyloid-associated
increases in longitudinal report of subjective cognitive com-
plaints. Alzheimers Dement (N Y). 2018;4:444-449. doi:10.1016/j.
trci.2018.08.005
9. Levine TF, Roe CM, Babulal GM, Fagan AM, Head D. Limited longi-
tudinal change in self-reported spatial navigation ability in preclini-
cal Alzheimer disease. Alzheimer Dis Assoc Disord. 2022;36(1):15-21.
doi:10.1097/WAD.0000000000000487
10. Ngandu T, Lehtisalo J, Solomon A, et al. A 2 year multidomain
intervention of diet, exercise, cognitive training, and vas-
cular risk monitoring versus control to prevent cognitive
decline in at-risk elderly people (FINGER): a randomised con-
trolled trial. Lancet. 2015;385(9984):2255-2263. doi:10.1016/
S0140-6736(15)60461-5
11. Kivipelto M, Solomon A, Ahtiluoto S, et al. The Finnish geriat-
ric intervention study to prevent cognitive impairment and dis-
ability (FINGER): study design and progress. Alzheimers Dement.
2013;9(6):657-665. doi:10.1016/j.jalz.2012.09.012
12. Ngandu T, Lehtisalo J, Levélahti E, et al. Recruitment and baseline
characteristics of participants in the Finnish geriatric intervention
study to prevent cognitive impairment and disability (FINGER)-a
randomized controlled lifestyle trial. Int J Environ Res Public Health.
2014;11(9):9345-9360. doi:10.3390/ijerph110909345
13. Harrison J, Minassian SL, Jenkins L, Black RS, Koller M, Grundman
M. A neuropsychological test battery for use in Alzheimer disease
clinical trials. Arch Neurol. 2007;64(9):1323-1329. doi:10.1001/
archneur.64.9.1323
14. Vaskivuo L, Hokkanen L, Hanninen T, et al. Associations between
prospective and retrospective subjective memory complaints
and neuropsychological performance in older adults: the Finger
study. J Int Neuropsychol Soc. 2018;24(10):1099-1109. doi:10.1017/
$135561771800053X

SUPPORTING INFORMATION
Additional supporting information can be found online in the

Supporting Information section at the end of this article.

How to cite this article: Saadmaan G, Hall A, Ngandu T, et al.
Brain amyloid load, subjective memory complaints, and
cognitive trajectories in older individuals at risk for dementia.
Eur J Neurol. 2024;00:e16436. doi:10.1111/ene.16436

85U8017 SUOWILLIOD @A 18810 3eoldde ayy Aq peusenob a1e s9jolie YO ‘@S Jo SNl 10} ArIq178UIIUO A1 UO (SUOTIPUOD-PUB-SWLBIWO A8 |IMAeIq 1 [BUI|UO//SANL) SUORIPLOD PUe SWie | 8U 88 *[7202/80/T2] U0 Akeid)Tauluo A8]I ‘P31 Suoiedl|gnd 91PN Wisepona Ad 98T 8US/TTTT'OT/I0p/L00" A3 | 1M ARe.d 1 |euluo//:sdny woly papeojumod ‘0 ‘TEET8IKT


mailto:kirjaamo@thl.fi
https://orcid.org/0000-0002-0925-7609
https://orcid.org/0000-0002-0925-7609
https://doi.org//10.1016/j.dadm.2016.09.002
https://doi.org//10.1016/j.dadm.2016.09.002
https://doi.org//10.1016/S1474-4422(21)00066-1
https://doi.org//10.1016/S1474-4422(21)00066-1
https://doi.org//10.1016/j.nbas.2023.100074
https://doi.org//10.1016/j.jalz.2014.01.001
https://doi.org//10.1212/WNL.0000000000004627
https://doi.org//10.1212/WNL.0000000000004627
https://doi.org//10.3389/fnagi.2021.675583
https://doi.org//10.3389/fnagi.2021.675583
https://doi.org//10.1001/jama.2015.4668
https://doi.org//10.1016/j.trci.2018.08.005
https://doi.org//10.1016/j.trci.2018.08.005
https://doi.org//10.1097/WAD.0000000000000487
https://doi.org//10.1016/S0140-6736(15)60461-5
https://doi.org//10.1016/S0140-6736(15)60461-5
https://doi.org//10.1016/j.jalz.2012.09.012
https://doi.org//10.3390/ijerph110909345
https://doi.org//10.1001/archneur.64.9.1323
https://doi.org//10.1001/archneur.64.9.1323
https://doi.org//10.1017/S135561771800053X
https://doi.org//10.1017/S135561771800053X
https://doi.org/10.1111/ene.16436

	Brain amyloid load, subjective memory complaints, and cognitive trajectories in older individuals at risk for dementia
	Abstract
	INTRODUCTION
	METHODS
	Study population
	PiB-­PET assessment
	Cognitive assessment
	Statistical analyses

	RESULTS
	DISCUSSION
	AUTHOR CONTRIBUTIONS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


