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Abstract

Introduction: Subjective cognitive complaints may be a signature of preclinical stage

Alzheimer’s disease. However, the link between subjective cognitive and non-cognitive

complaints and brain alterations remains unclear.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non-commercial and nomodifications or adaptations aremade.

© 2020 The Authors. Alzheimer’s & Dementia: Diagnosis, Assessment & Disease Monitoring published byWiley Periodicals, Inc. on behalf of Alzheimer’s Association

Alzheimer’s Dement. 2020;12:e12051. wileyonlinelibrary.com/journal/dad2 1 of 15

https://doi.org/10.1002/dad2.12051

mailto:virginie.dauphinot@chu-lyon.fr
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://wileyonlinelibrary.com/journal/dad2
https://doi.org/10.1002/dad2.12051


2 of 15 DAUPHINOT ET AL.

Methods: The relationship between cognitive and non-cognitive complaints and brain

biomarkers, measured by structural magnetic resonance imaging, was investigated in

2056 participants of theMEMENTOcohort of outpatients, whowere dementia-free at

baseline.We assessed whether the cognitive status at inclusion or the presence of the

apolipoprotein E gene variant (APOE) ε4 could modulate the association between the

intensity of complaints and brain lesions.

Results: Smaller hippocampal volume was associated with higher memory complaints

and discomfort in daily life. In APOE ε4 carriers, smaller whole-brain white matter

and gray matter volumes and gyrification indices in several regions of interest of the

parietal and temporal lobes, in the entorhinal and the para-hippocampal gyrus, were

associated with higher memory complaint score.

Conclusions:The intensity of subjective complaints in not onlymemory but discomfort

in daily life was associated with brain degeneration markers. The presence of APOE

ε4 modulated the relationships between subjective memory complaints and brain

alterations.

KEYWORDS
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1 BACKGROUND

Early identification of individuals at risk of Alzheimer’s disease (AD),

which accounts for 50% to75%of all dementias, is critical, as it could be

an importantwindow for interventions to delay onset or progression of

disease before the common clinical criteria of AD are met.1,2 There is

a growing body of evidence suggesting that subjective cognitive com-

plaints, also referred as subjective memory complaints/impairment

or decline, could occur prior to neurocognitive disorders (NCDs) due

to AD. Individuals with subjective cognitive complaints may be at

higher risk of developing mild cognitive impairment (MCI) or dementia

compared to individuals who do not report complaints.3-5 Previous

neuroimaging studies have shown greater reductions in brain volume

in regions commonly affected early in AD, that is, in the medial tempo-

ral lobe, including the entorhinal cortex (EC), the hippocampus, and the

amygdala, and cortical thinning in the EC in individuals with subjective

cognitive decline compared to those without.6-12 Nevertheless, these

findings are not definitive, as some studies have not shown brain

structure alterations, whereas others have shown brain alterations in

different locations.13-15 This heterogeneitymay be explained by differ-

ences in study settings (clinical vs population) and methods (imaging,

sampling, and measurement of subjective cognitive complaints).16,17

Furthermore, there is currently no consensus regarding the evaluation

of subjective cognitive complaints. This is reflected in the large variabil-

ity in the proportion of subjects ages 65 and older who are presenting

subjective memory or cognitive complaints across studies, ranging

from 22% to 56%.3 Consequently the subjective memory or cognitive

complaints are highly prevalent, and they may not be sufficiently

specific to detect individuals at an early stage of AD. Although previous

research has focused on subjective memory or cognitive complaints

potentially related to AD, studies of subjective complaints other than

cognition are lacking. However, extending the definition of subjective

complaints to domains other than cognition may allow for better

understanding the subjective complaints prior to AD onset. Therefore,

the link between subjective complaints and brain alterations remains

unclear and it has not been explored in a sample of individuals includ-

ing at the same time individuals with or without objective cognitive

impairment (without dementia), whereas not all of them will progress

to dementia due to AD. In a meta-analysis, the annual conversion rates

to MCI or dementia were 6.6% and 2.3%, respectively, among individ-

uals with subjective memory complaints, and the risk of conversion to

MCI or dementia in individualswith subjectivememory complaintswas

twice in comparison to individuals without any.4 In the study of Gifford

et al., participants with subjective complaints were associated with

two-fold increases in oddsof conversionof cognitively normal (CN) sta-

tus to MCI, whereas participants with subjective cognitive complaints

inMCI were not associated with risk of conversion to dementia.18

Furthermore, although previous research has suggested that the

presence of the apolipoprotein E (APOEE) ε4 allele is amain genetic risk

factor for AD and is associated with greater brain atrophy, few have

taken into accountAPOE ε4 in the analysis of subjective complaints and

brain alterations.19-21

In this study, we aimed to assess the association between the inten-

sity of subjective complaints, beyond cognition, and markers of both

whole and regional cerebral alterations in a large French multicenter

cohort of outpatients from memory clinics without dementia at inclu-

sion. In addition, we assessed whether the cognitive status at inclu-

sion (cognitively normalwith isolated subjective cognitive complaint or

MCI) or the presence of the APOE ε4 could modulate the association

between the intensity of complaints and brain lesions.
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2 METHODS

2.1 Study design and setting

We conducted this analysis using data from the MEMENTO cohort,

described in detail elsewhere.22 The MEMENTO cohort consecutively

recruited 2323 dementia-free outpatients attending one of the 26

participating memory clinics between April 2011 and June 2014.

The MEMENTO cohort’s primary objective is to study the evolution

of cognitive symptoms and subjective complaints over a period of

at least 5 years (ClinicalTrials protocol number: NCT01926249,

https://clinicaltrials.gov/ct2/show/NCT01926249). Study participants

were screened for isolated subjective cognitive complaints (iSCCs) or

MCI.MCIwas defined as (1) performingworse than 1.5 SD to themean

(compared to age and educational norms) in one or more cognitive

domains, this deviationbeing identified for the first time through cogni-

tive tests performed<6months preceding the screening phase and (2)

having a Clinical Dementia Rating (CDR) scale score ≤0.5 and not hav-

ing dementia. We used the results of the following neuropsychological

tests to assess the cognitive domains (memory, language, praxis, atten-

tion, executive functions, speed processing, and visual spatial abilities):

Free andCued Selective Reminding Test, DelayedMatching Sample 48,

TrailMaking Test parts A and B, the Frontal Assessment Battery, Praxis

Battery, and semantic (animal) and letter (letter P) 2 minute fluencies.

Because participants were recruited from memory clinics, if they did

not have objective cognitive deficit, they were considered to be cogni-

tively normal and have iSCCs. They must also agree to undergo a brain

magnetic resonance imaging (MRI) and blood sampling22 and have

health care coverage. The cohort’s exclusion criteria are pronounced

dependency (defined as wardship or living in a nursing home), having a

history of neurological disease (treated Parkinson disease, Huntington

disease, AD due to genetic mutations, treated epilepsy, a brain tumor,

subdural hematoma, progressive supranuclear palsy), a history of head

trauma with neurological deficits, a history of intracranial surgery, a

history of stroke diagnosed in the past 3 months prior to inclusion, or

schizophrenia. Those whowere illiterate were also excluded.

2.2 Study sample

We restricted this analysis to cohort participants who had answered

a self-administered questionnaire on subjective complaints and had

undergone a brainMRI, resulting in a sample of 2056 participants.

2.3 Ethical considerations

All participants provided written informed consent. The study was

granted ethical approval by a local institutional review board (“Comité

de Protection des Personnes Sud-Ouest et Outre Mer III”). The study

was conducted according to the standards of the good clinical and

epidemiological practice and in compliance with the Declaration of

Helsinki.

RESEARCH INCONTEXT

1. Systematic review: A literature review was performed

using PubMed with the terms “subjective memory OR

cognitive complaint OR subjective complaint OR impair-

ment OR decline” AND “brain biomarker ORMRI.”

2. Interpretation: Early diagnosis of Alzheimer’s disease

(AD) may provide a window for intervention before

common AD criteria are met. Subjective cognitive com-

plaints could be a signature of preclinical stage AD. Our

study shows that the intensity of subjective complaints

in memory and discomfort in daily life is associated with

braindegenerationmarkers in subjectswithoutdementia.

Apolipoprotein E (APOE) ε4 allelemodulated the relation-

ship between the intensity of subjective memory com-

plaints and brain alterations.

3. Futuredirections: Longitudinal analysiswill allowstudyof

whether higher initial complaints are predictive of evo-

lution toward advanced stages of AD. Future research

investigating the link between subjective complaints and

AD risk should expand the field of complaint to non-

cognitive domains such as physical condition and discom-

fort in daily life.

2.4 Subjective complaints assessment

Subjective complaints covered both cognitive domains (memory,

language, attention) and non-cognitive domains (physical condition,

mood/morale, potential life stress, and sensory organs). Participants

were also questioned about their subjective health status: gen-

eral state of health, discomfort in daily life (or perceived current

difficulties), and perceived health status (fifth item of the EQ-5D

questionnaire23 [www.euroqol.org]). For each domain, participants

were assessedwith respect to their discomfort level using aVisualAna-

logue Scale (VAS), ranging from 0 (no discomfort/difficulty/concern)

to 10 (maximum intensity of discomfort/difficulty/concern). Perceived

health status was assessed on a scale of 0 to 100 and divided by

10 for analysis. The different standardized questions are shown in

supplementary file S1.

2.5 Brain MRI acquisition and measurements

BrainMRI acquisitionswere standardized and centralized according to

a systematic qualification procedure, ensuring parameter uniformity

and image quality, by the Centre pour l’Acquisition et le Traitement

des Images (CATI), a national platform dedicated to neuroimaging

(http://cati-neuroimaging.com), described previously.22,24 Brain MRI

images were obtained with 3.0 or 1.5 Tesla scanners. MRI parameters

are described in details in supplementary file S2.

https://clinicaltrials.gov/ct2/show/NCT01926249
http://www.euroqol.org
http://cati-neuroimaging.com
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Several imaging biomarkers were used for this analysis. The whole-

brain and gray/white matter volumes were calculated using three-

dimensional (3D) T1-based segmentation method with 1 mm isotropic

resolution provided in the Statistical Parametric Mapping version 8

(SPM8) software. The hippocampal volume was calculated using the

SACHA software.25 We used the Brain Parenchymal Fraction (BPF)

calculated as the ratio between the volume of tissue (gray/white mat-

ter) and the sum of the volumes of gray matter, white matter, and

cerebrospinal fluid (CSF) (each class segmented by SPM8 software) to

assess changes in brain volume.

The cortical thickness and the gyrification index (GI), defined as the

local ratio between the surface areas of the cortex and its convex hull,

were measured in the 34 regions of interest (ROIs) using the Desikan-

Killiany atlas and the FreeSurfer 5.3 software.26 The sulcal span was

computed with the method Morphologist of BrainVISA package for

each sulcusof theBrainvisa Sulci atlas.27 Themeansof the left and right

hemispheres for each ROI, as well as both left and right hemispheres

were considered for the cortical thickness, GI, and when both sides

weremeasured for sulcal span. These four classes of regional biomark-

ers were used because each of them has specificity for our exploratory

approach: Regional gray matter volume allows us to detect any differ-

ence leading to high sensitivity; cortical thickness provides specificity

to changes of the cortical column content (amount of neurons, neu-

ropil, and glial cells) versus change of the cortical area of the ROI; local

gyrification index targets changes of the cortical surface 3D embed-

ding triggered by neurodegeneration. It is probably correlated with

changes of surface areas, but has the potential to aggregate several

other structural changes occurring for instance in white matter; sulcal

span, namely the amount of CSF in a sulcus, is a proxy for regional atro-

phy occurring on both sides of the sulcus, in the corticalmantle but also

in the underlyingwhitematter. It is supposed to be sensitive to the ear-

liest neurodegenerative effects thanks to the strong contrast between

CSF and tissue, leading also to robustness to the multicenter design of

theMEMENTO cohort.

2.6 Other covariates

The CDR scale was administered and all participants were categorized

for cognitive status according to Petersen criteria as pure amnestic

MCI, multi-domain amnestic MCI, pure non-amnestic MCI, and multi-

domain non-amnestic MCI.28,29 Depression symptoms were assessed

using the Neuropsychiatric Inventory (NPI).30 APOE genotype was

detected using KBiosciences (Hoddesdon, UK; www.kbioscience.co.

uk).

2.7 Statistical analyses

Wecalculated a standardizeddomain-specific complaint score for each

participant for each of the 10 subjective complaints using the following

formula: standardized domain specific complaint score= (raw score at

a given domain − mean of all domain raw scores of the individual)/SD

of all domains raw scores of the individual). This transformation allows

us to identify domains where the participant is complaining more (ie,

standardized score>0) or less (ie, standardized score<0) compared to

theotherdomains. It also allowsus to control for themean level of com-

plaints (subjects frequently or never complaining). To allow for compar-

isons across analyses, brainMRI biomarkers were also standardized.

The relationship between each standardized complaint scores

(defined as the dependent variables) and each whole-brain MRI

biomarker (ie, whole-brain gray/white matter volumes, hippocampal

volume, and BPF defined as the independent variables), as well as

ROI brain MRI biomarkers (ie, gray matter volumes, cortical thick-

ness, gyrification indexes, and sulcal spans) was investigated usingmul-

tiple linear regressions. All models were adjusted for the following

potential confounders: sex, age, education level (primary school, sec-

ondary school, high school or beyond), depression score (NPI-C clin-

ician score), total intracranial volume (except for BPF),31 and type of

MRI scanner (manufacturer and magnet field).32 For “Physical condi-

tion,” “General Health Status,” and “Perceived Health" (EQ-5D), we

added as cofounders the physical performance measured by the Short

Physical Performance Battery (SPPB), the physical activity during the

7 past days measured by the International Physical Activity Question-

naire (IPAQ), and the comorbidities burden estimated by the presence

ofmedical history of cardiovascular diseases, diabetes, cancer, or respi-

ratory diseases. We assessed whether the cognitive status at inclusion

(iSCC vs MCI) or the presence of APOE ε4 allele modified the associa-

tion between MRI biomarkers and complaint scores by testing inter-

action terms. Results for the brain MRI markers of gray matter vol-

ume, cortical thickness, and gyrification indexes are summarized with

the beta coefficients, representing the measure of association of 1 SD

increase of each brain MRI biomarker on each standardized complaint

score, their 95% confidence interval (CI), and their P-values before and

after adjustment for multiple testing. We used the false discovery rate

(FDR) method of conceptualizing the rate of type I error when con-

ducting multiple hypothesis tests. Results were stratified according to

the cognitive status at inclusion (iSCC vs MCI) or on the presence of

APOE ε4 allele when the interaction was significant. Furthermore, the

potential differential associations between right or left hemispheres

were assessed by ROIs using multiple linear regressions; results are

summarized in Manhattan plots. A P value <.05 was considered sta-

tistically significant and all statistical tests were two-sided. Statistical

analyseswere performedusing SAS software version 9.3 (SAS Institute

Inc., Cary, NC).

3 RESULTS

3.1 Characteristics of the study population

Participants were characterized by a median age of 72; 62.4% were

women and 54.8% had at least a high school education (Table 1).

The majority (83.9%) of participants had MCI and 29.5% were APOE

ε4 carriers. On average, subjective memory (median: 5, interquar-

tile range [IQR]: 3 to 6) and attention (median: 4, IQR: 3 to 6)

http://www.kbioscience.co.uk
http://www.kbioscience.co.uk
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TABLE 1 Baseline characteristics of the analytical sample from
theMEMENTO cohort

Analytic sample

(n= 2056)

Female sex, n (%) 1283 (62.4)

Age, median (Q1;Q3) 71.7 (65.6; 77.1)

Educational level≥ high school diploma, n (%) 1124 (54.8)

APOE ε4 carriers, n (%) 578 (29.5)

CDR at 0.5, n (%) 1221 (59.4)

MMSE, median (Q1;Q3) 28 (27.0; 29.0)

Cognitive status, n(%)

iSCC 330 (16.1)

Pure amnesticMCI 177 (8.6)

Multi-domain amnesticMCI 872 (42.4)

Pure non-amnesticMCI 359 (17.5)

Multi-domain non-amnesticMCI 318 (15.5)

NPI depression clinician score, median

(Q1;Q3)

0 (0.0; 2.0)

Subjective complaint scores, median (Q1;Q3)

Physical condition 2 (0;5)

Attention 4 (3;6)

Memory 5 (3;6)

Language 3 (1;5)

Mood/morale 2 (1;5)

General health status 3 (1;5)

Life stress 3 (1;6)

Sensory organs 3 (1;5)

Health status (100-EQ-5D)/10) 2 (2;4)

Discomfort in daily life 3(1;5)

Abbreviations: CDR, Clinical Dementia Rating; iSCC, isolated subjective

cognitive complaint; MCI, mild cognitive impairment; MMSE, Mini-Mental

State Examination; Q1;Q3, first and third interquartiles.

complaints were numerically higher than in other domains. Among

the 2056 individuals, 1783 (86.7%) had a 3T MRI; MRI was 1.5T

otherwise.

3.2 Relationships between subjective complaints
and whole-brain MRI biomarkers

Reduced hippocampal volume was associated with higher memory

complaints (P = .0007) and discomfort in daily life (P = .023) scores as

well as lower life stress (P = .011) complaint score (Table 2). Reduced

white matter volume was associated with lower general health com-

plaint (P= .023). A significant interactionwas observed betweenwhite

matter volume and presence of APOE ε4 allele in the relationship with

memory complaints (P for interaction = .0099): smaller white mat-

ter volume being associated with a higher memory complaint score

among APOE ε4 carriers only (P = .0067). The analysis of the interac-

tionbetweencognitive status andMRIbiomarkers showed that smaller

hippocampal volume was associated with lower language complaint

score, and lower BPF was associated with lower general heath com-

plaint score in participants with MCI (P = .011 and P = .010, respec-

tively) (Table 3).

3.3 Relationship between subjective complaints
by domain and each brain MRI biomarker (volume,
thickness, and GI of ROIs of the cortical mantle and
width of sulci)

Lower cortical thickness in the posterior cingulate gyrus (P = .033), in

the lateral occipital gyrus (P = .03), in the inferior parietal gyrus (P =

.005), in the supramarginal gyrus (P = .012), and in the majority of the

ROIs of the temporal lobe (8/10), that is, superior temporal sulcus (P=

.009), entorhinal (P = .027), fusiform (P = .005), inferior temporal (P =

.027), middle (P = .012), superior (P = .027) and transverse temporal

(P = .012), and parahippocampal gyrus (P = .027), was associated with

a lower life stress complaint score (Figure 1 and supplementary file S3).

Wider anterior lateral fissure (P = .029) and wider inferior frontal sul-

cus (P = .029) were associated with a lower language complaint score

(Figure 2 and supplementary file S3).

APOE ε4modified several associations between complaints andMRI

biomarkers. We observed the following associations in APOE ε4 carri-

ers. Regarding memory complaints, local reduced gray matter volumes

in the isthmus of the cingulate gyrus (P= .003), in the pars triangularis

gyrus of the inferior frontal gyrus (P= .042), in the supramarginal gyrus

of the parietal lobe (P= .014), and in the entorhinal (P= .015), parahip-

pocampal (P = .015), middle (P = .047), and superior temporal gyrus

of the temporal lobe (P = .016) were associated with a higher memory

complaint score (supplementary file S3). Smaller GI in the rostral ante-

rior cingulate gyrus (P = .045) was associated with a higher memory

complaint score, whereas smaller GI in the pars triangularis gyrus (P =

.025) was associated with a lower memory complaint score. The cal-

carine sulcus was wider when the memory complaint score was higher

(P= .003). Regarding complaints in physical domain, a smaller GI in the

transverse temporal gyrus and a smaller cortical thickness in the per-

icalcarine were associated with a higher physical condition complaint

score (P = .016, and P = .025, respectively). With regard to discom-

fort in daily life (or perceived current difficulties), a smaller GI of the

lateral (P = .017) and medial orbitofrontal cortex (P = .007) was asso-

ciated with a lower discomfort in daily life score, whereas a smaller

cortical thickness in the insula was associated with higher discomfort

in daily life score (P = .005). With regard to mood, a gray matter vol-

ume in the transverse temporal gyrus was smaller when the complaint

score was lower (P = .024). Regarding complaints in language domain,

a wider internal parietal sulcus was associated with a lower language

complaint score (P= .016). Regarding complaints in attentiondomain, a

smaller GI in the posterior cingulate (P= .044) and in the superior tem-

poral sulcus (P= .049) was associatedwith a lower attention complaint

score, whereas a smallerGI in the lateral orbitofrontal cortexwas asso-

ciated with a higher score (P = .009). The posterior inferior temporal
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TABLE 3 Adjusted associations between subjective complaint scores and brainMRI biomarkers (N= 2056), with interaction betweenMRI
biomarkers and cognitive status (iSCC orMCI)

Interaction between

MRI biomarkers and

cognitive status

(iSCC orMCI) iSCC MCI

P
b

P (FDR)
b

Beta [95% IC] P Beta [95% IC] P

Physical condition BPF 0.39 0.39

Whitematter 0.060 0.120

Graymatter 0.060 0.120

Hippocampal volume 0.33 0.39

Attention BPF 0.22 0.58

Whitematter 0.40 0.58

Graymatter 0.78 0.78

Hippocampal volume 0.44 0.58

Memory BPF 0.32 0.86

Whitematter 0.98 0.98

Graymatter 0.43 0.86

Hippocampal volume 0.65 0.86

Language BPF 0.022 0.043 −0.091 [−.202;0.021] 0.111 0.046 [−.009;0.101] 0.101

Whitematter 0.70 0.91

Graymatter 0.91 0.91

Hippocampal volume 0.0083 0.033 −0.111 [−.241;0.019] 0.093 0.068 [0.015;0.121] 0.011

Mood BPF 0.046 0.18 0.082 [−.026;0.189] 0.135 -0.033 [−.086;0.020] 0.23

Whitematter 0.72 0.72

Graymatter 0.53 0.70

Hippocampal volume 0.21 0.42

General Health Status BPF 0.0021 0.0084 −0.102 [−.205;0.001] 0.051 0.066 [0.016;0.117] 0.010

Whitematter 0.21 0.29

Graymatter 0.17 0.29

Hippocampal volume 0.93 0.93

Life stress BPF 0.62 0.62

Whitematter 0.0033 0.013 −0.120 [−.291;0.052] 0.17 0.057 [−.086;0.201] 0.43

Graymatter 0.029 0.057 −0.057 [−.312;0.197] 0.66 0.075 [−.156;0.306] 0.53

Hippocampal volume 0.40 0.53

Sensory organs BPF 0.75 0.86

Whitematter 0.86 0.86

Graymatter 0.80 0.86

Hippocampal volume 0.127 0.51

Perceived health

(EQ-5D/10)

BPF 0.51 0.73

Whitematter 0.55 0.73

Graymatter 0.34 0.73

Hippocampal volume 0.92 0.92

(Continues)
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TABLE 3 (Continued)

Interaction between

MRI biomarkers and

cognitive status

(iSCC orMCI) iSCC MCI

P
b

P (FDR)
b

Beta [95% IC] P Beta [95% IC] P

Discomfort in daily

life

BPF 0.85 0.86

Whitematter 0.55 0.86

Graymatter 0.86 0.86

Hippocampal volume 0.74 0.86

Note: MEMENTO cohort.

Abbreviations: BPF, Brain Parenchymal Fraction; FDR, false discovery rate; iSCC, isolated subjective cognitive complaint; MCI, mild cognitive impairment;

MRI, magnetic resonance imaging.
aAdjusted for sex, age, education level, depression score, total intracranial volume (except for BPF), and type ofMRI scanners.
bP value before and after adjustment for multiple testing using the FDRmethod.

sulcus was also wider when the attention complaint score was higher

(P= .041).

When the cognitive statuswas taken into account in themodels, the

following associationswere highlighted in participantswith iSCCs (Fig-

ures 3 and4 and supplementary file S4). Local reduced gray-matter vol-

ume in the caudal middle frontal gyrus was associated with a higher

life stress score (P = .043). Reduced gray-matter volume in the lat-

eral occipital gyrus (P = .0007) and in the parahippocampal gyrus (P =

.0023) was associated with a lower perceived health score. Reduced

gray-matter volume in the temporal pole was associated with a higher

discomfort in daily life score (P = .023). Smaller cortical thickness in

the medial orbitofrontal cortex was associated with a higher attention

complaint score (P = .012). Smaller cortical thickness in the temporal

pole was associated with a lower memory complaint score (P = .016).

Smaller cortical thickness in several regions of the brain, that is, cen-

tral, frontal, occipital, and parietal lobes, and the cingulate, except for

those of the temporal lobe, was associated with a lower mood com-

plaint score. Smaller cortical thickness in several regions, that is, the

cingulate, in the frontal lobe, as well as in the transverse temporal

gyrus in the temporal lobewas associatedwith a lower life stress score.

Smaller cortical thickness in the cuneus and theparahippocampal gyrus

was associated with a lower perceived health score (P= .0036 and P=

.011, respectively). Lower cortical thickness in the entorhinal cortex

and in the temporal pole was associated with a higher discomfort in

daily life score (P = .0002 and P = .004, respectively). Several associa-

tionswerealso foundbetween thebiomarkers ofGI and sulcal spanand

complaint scores inparticipantswith iSCCs. Inparticular, a smallerGI in

the superior frontal gyrus was associated with a higher attention com-

plaint score (P= .023). A smallerGI in themiddle temporal and superior

temporal gyrus was associated with a higher memory complaint score

(P= .019andP= .012, respectively), anda smallerGI in the caudal ante-

rior cingulate gyruswas associatedwith a higher discomfort in daily life

score (P= .028).

In the participants with MCI, the following associations were

observed (Figures 3-4 and supplementary file S4). A smaller gray-

matter volume in theentorhinal cortexwas associatedwith a lower lan-

guage complaint score (P= .012). A smaller gray-matter volume in sev-

eral areas—that is, postcentral gyrus (P= .019), posterior cingulate (P=

.029), lateral orbitofrontal (P = .021), occipital lingual (P = .007), infe-

rior parietal (P= .014), three regions of the temporal lobe: middle tem-

poral (P = .016), parahippocampal (P = .0059), and superior temporal

(P= .018)—was associated with a lower life stress score. A smaller cor-

tical thickness in the insula was associated with a higher general state

of health score (P = .01). A smaller cortical thickness in the transverse

temporal gyrus was associated with a lower life stress score, and a

smaller cortical thickness in the entorhinal cortex was associated with

a higher discomfort in daily life score (P= .05).

The analyses of differential associations by hemisphere are pre-

sented in the supplementary file S5. There was no evidence of major

differences.

4 DISCUSSION

In this study, conducted in a large multicenter cohort of dementia-free

outpatients attending aFrenchmemory clinic,we assessed the associa-

tions between intensity of subjective complaints beyond cognition and

brain biomarkers.We observed that reduced hippocampal volumewas

associated with higher subjective memory and discomfort in daily life

complaint scores, after adjusting for potential confounders. Reduced

white matter volume was associated with lower general health com-

plaint score. These associations were not modulated by the cognitive

status (iSCC or MCI), meaning that the associations were in the same

direction in the participants whatever their cognitive status. The pres-

ence of APOE ε4 allele modulated the association between white mat-

ter volume and subjective memory complaint, and smaller white mat-

ter volume was associated with higher subjective memory complaint

score in APOE ε4 carriers only. The analysis of brain biomarkers by

ROIs showed that reduced whole-brain white matter volume, reduced

gray matter volumes, and smaller GIs in several ROIs of the parietal

and temporal lobes as well as in the entorhinal and parahippocampal

gyrus were associated with higher subjective memory complaint score
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F IGURE 1 Associations betweenmagnetic resonance imaging (MRI) biomarker graymatter volume, cortical thickness, and gyrification index
(GI) by regions of interest (ROIs) and the different subjective complaint domains (interaction with APOE ε4 status). Figure 1 shows the impact of
MRI biomarkers (for+1 SD) on the level of cognitive complaint. A white square indicates no association, whereas an up-triangle indicates an
increased and a down-triangle a decreased level of complaint. An interaction with the APOE ε4 status was systematically explored, and for a
P< .05, the figure showswhether the level of complaint was higher/lower in the APOE ε4 carriers (APOE+ in pink) or the non-carriers (APOE− in
green). For a non-significant interaction, associations were presented globally (in brown)

in APOE ε4 carriers, suggesting a modulating role of APOE ε4 allele

presence. Our findings regarding regional brain degeneration features

associatedwith higher subjectivememory complaint score, specifically

hippocampal atrophy, reduced gray matter volume, and reduced corti-

cal thickness in several brain ROIs, confirm and extend the findings of

previous studies, which showed brain atrophy in similar regions com-

monly affected in early AD among individuals with subjective mem-

ory complaints.7,9,10,12,13,33 In addition, these results support and add

to the findings of previous studies showing brain alterations in APOE

ε4 carriers in different contexts and in smaller samples, including the

study of Striepens et al., which showed smaller left hippocampal vol-

ume in APOE ε4 carriers in individuals identified with subjective mem-

ory impairment (n = 68), and the study of Lee et al., which showed

reduced gray-matter volume in individuals with subjective memory

complaints without white matter hyperintensities (n= 26).19,34-36 The

negative effect of the presence of APOE ε4 in the brain structure when
the level of subjective memory complaint is higher supports that sub-

jectivememory complaint may be a feature of preclinical stage of AD.

We also found that smaller hippocampal volume and brain atrophy

in some others ROIs commonly affected at the early stage of AD were
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F IGURE 2 Associations betweenmagnetic resonance imaging (MRI) biomarker sulcus spans by regions of interest (ROIs) and different
subjective complaint domains (interaction with ApoE-ε4 status). Figure 2 shows the impact ofMRI biomarkers sulcus span (for+1 SD) on the level
of cognitive complaint. A white square indicates no association, whereas an up-triangle indicates an increased and a down-triangle a decreased
level of complaint. An interaction with APOE ε4 status was systematically explored, and for a P< .05, the figure showswhether the level of
complaint was higher/lower in the APOE ε4 carriers (APOE+ in pink) or the non-carriers (APOE− in green). For a non-significant interaction,
associations were presented globally (in brown)

associatedwith lower life stress complaint score. This findingmay seem

counterintuitive because perceived stress has been shown to be asso-

ciated with smaller hippocampal volume.37 Nevertheless in the study

of Zimmerman et al., the stress was measured differently than in our

study (the Perceived Stress Scale including 10 questions to measure

the stress during the last month vs VAS with one question to mea-

sure the intensity of current life stresses), and the characteristics of the

participants were different (community-based sample vs participants

attending a memory clinic). A possible explanation of our finding may

be that the assessment of the level of life stress complaints may rather

reflect a short-term acute situation or stress-including situations such

as illness, concern of someone close to the patient, moving, or retire-

ment, in which there is an adaptive or even protective response.38 Of

interest, this finding can be put in parallel with the result showing brain

alteration in roughly the same ROIs associated with higher subjective

memory complaint score.

Another finding of our study is that the cognitive status does

not modulate substantially the associations between whole-brain

biomarkers and complaint scores. The only significant associations

were found in participants with MCI, for which smaller hippocam-

pal volume was associated with lower language complaint score, and

lower BPF was associated with lower general heath complaint score.

Although this result does not appear to be in line with expected cogni-

tive alterations in MCI, it is the intensity of the subjective complaint in

language and in general health that is assessed in our study, and subjec-

tive complaint reported by participants with MCI may have less signi-

fication. Indeed, brain alterations can be already present in MCI, and

individuals with MCI can have less self-awareness of their troubles,

that is, anosognosia.39 Gifford et al. showed that subjective cognitive

complaint reported by individuals withMCI did not predict conversion

to dementia.18

In the analysis by ROIs, several associations were found different

betweenparticipantswith iSCCorMCI,meaning that the cognitive sta-

tusmaymoremodulate theassociationsbetweenbrainbiomarkers and

subjective complaint scores when the brain is studied by ROIs. Among

the most notable findings, we found significant associations between

lower gray-matter volumes in nine ROIs and lower stress life complaint

score in participants with MCI, whereas lower gray-matter volumes

in three ROIs were associated with higher stress life complaint score

in individuals with iSCC. Smaller gray-matter volume in the entorhinal

cortex was associated with lower subjective language complaint score

in individuals with MCI. Lower cortical thickness in seven ROIs was

associated with higher subjective complaint score in sensory organs in

individuals with iSCCs. Taken together, these results add to our find-

ings with the whole-brain biomarkers and suggest that the subjective

complaint scores in life stress and sensory organs are more likely to be

associatedwith brain alterations in individualswith iSCCs,whereas the

subjective complaint scores in life stress and language collected in indi-

vidualswithMCI do not allowdetection of brain alterations. Themean-

ing of the subjective cognitive complaint in MCI has been questioned

previously, as individuals with MCI have been found to underestimate

their cognitive difficulties compared to their informant, and they may
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F IGURE 3 Associations betweenmagnetic resonance imaging (MRI) biomarker graymatter volume, cortical thickness, and gyrification index
(GI) by regions of interest (ROIs) and the different subjective complaint domains (interaction with isolated subjective cognitive complaint [iSCC] or
mild cognitive impairment [MCI] status). Figure 3 shows the impact ofMRI biomarkers (for+1 SD) on the level of cognitive complaint. A white
square indicates no association, whereas an up-triangle indicates an increased and a down-triangle a decreased level of complaint. An interaction
with the iSCCs orMCI was systematically explored, and for a P< .05, the figure showswhether the level of complaint was higher/lower inMCI (in
red) or in iSCC (in blue). For a non-significant interaction, associations were presented globally (in yellow)

be less aware of impairment and have already brain alterations that

interfere with the subjective complaints report.18,40 In the study of

Edmonds et al., there was also an inverse association between CFS

biomarkers and subjective cognitive complaints in individualswithMCI

compared to individuals who were cognitively normal. Nevertheless,

the lack of sensibility of the subjective complaint inMCI to detect brain

alterations cannot be generalized in all domains of complaints, as in our

study, the cognitive status did not modulate the association between

subjective memory complaint and discomfort in daily life scores and

brain biomarkers.

The strengths of the current study include the consecutive recruit-

ment of participants (non-convenient sampling) that reduces selection

bias, the large spectrum of subjective complaints assessed, and the

large panel of brainMRI biomarkers available. Although previous stud-

ies have often restricted their analyses towhole-brain and gray-matter

volume or pre-specified ROIs recognized to be altered in AD patients

(eg, medial temporal structures), the current study takes an original

approach with the exploration of the possible significance of subjec-

tive cognitive and non-cognitive complaints by addressing the ques-

tionwithwhole-brainbiomarkers, supplementedbyananalysis of brain
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F IGURE 4 Associations betweenmagnetic resonance imaging (MRI) biomarker sulcus spans by regions of interest (ROIs) and different
subjective complaint domains (interaction with isolated subjective cognitive complaint (iSCC) or mild cognitive impairment [MCI] status). Figure 4
shows the impact ofMRI biomarker sulcus span (for+1 SD) on the level of cognitive complaint. A white square indicates no association, whereas
an up-triangle indicates an increased and a down-triangle a decreased level of complaint. An interaction with the iSCC orMCI status was
systematically explored, and for a P< .05, the figure showswhether the level of complaint was higher/lower inMCI (in red) or in iSCC (in blue). For
a non-significant interaction, associations were presented globally (in yellow)

structure by 34ROIs and over 100 sulci. Cortical thickness, GI, and sul-

cus spans were also analyzed, as they may help identify specific areas.

In addition, the subjective complaintswere assessedmore comprehen-

sively to broaden the exploration of complaints as they relate to brain

MRI biomarkers. In addition, we considered the subjective complaints

as a continuous phenomenon, whereas previous studies have often

considered them as dichotomous. Although categorization of partici-

pants with or without subjective cognitive complaints appears impor-

tant in clinical practice to identify at-risk patients for whom specific

intervention and support may be provided, the dichotomization may

also represent a limitation. Furthermore, measuring the intensity of

the complaints provides an opportunity to assess the presence of a

continuum between these complaints, brain alterations, and memory

impairment. We chose to use the level of complaint not to its natural

scale (ie, 0 to 10) but with an intra-individual rescaling with standard-

ized score. Because the different complaint domains are not indepen-

dent, we assume that considering a specific domain taking into account

the overall complaint level is a relevant approach and emphasize the

analysis on what the patient reported to be the most disturbing for

him/herself. The clinical interpretation of the results is not easy to

appreciate (as is it the case for numerous statistical approach), but the

significance and the direction of the effects are valuable information to

better understand the relationship between subjective complaint and

brain structures.

The main limitation of the study is its cross-sectional design, which

has hampered our ability to assess the temporal relationship between

complaints and brain alterations. Moreover, the manner in which par-

ticipants were recruited (from memory clinics) should also be consid-

ered in the interpretation of these findings. Indeed, a previous study

has shown that the risk of progression to MCI or dementia could be

higher in memory clinics than in the general population.41 This implies

that study participants may present more brain alterations than in the

general population. However, the hypothesis could not be verified and

we do not have any reason to suspect that cohort’s design could have

an impact on the direction of the relationships that were investigated

in this analysis. The questionnaire to assess the subjective complaints

has not yet been validated, except the perceived health status; never-

theless the intensity of the complaints wasmeasured using VAS, which

is widely used in clinical practice and research to measure subjective

symptoms.

5 CONCLUSION

Subjective complaints not limited to memory but also related to dis-

comfort in daily life were associated with markers of brain degener-

ation, independent of the cognitive status. The presence of APOE ε4
modulated the relationships between subjective memory complaints

andbrain alterations. The follow-upof theMEMENTOcohortwill allow

us to study whether higher initial complaint scores are predictive of

progression to advanced stage of neurocognitive disorders due to AD.

Future research investigating the link between subjective complaints
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and risk of AD should be expanded to include subjective complaints in

non-cognitive domains such as discomfort in daily life.
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