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ObjectiveaaThe Korean Brain Aging Study for the Early Diagnosis and Prediction of Alzheimer’s disease (KBASE) aimed to recruit 650 
individuals, aged from 20 to 90 years, to search for new biomarkers of Alzheimer’s disease (AD) and to investigate how multi-faceted 
lifetime experiences and bodily changes contribute to the brain changes or brain pathologies related to the AD process.
MethodsaaAll participants received comprehensive clinical and neuropsychological evaluations, multi-modal brain imaging, including 
magnetic resonance imaging, magnetic resonance angiography, [11C]Pittsburgh compound B-positron emission tomography (PET), and 
[18F]fluorodeoxyglucose-PET, blood and genetic marker analyses at baseline, and a subset of participants underwent actigraph monitor-
ing and completed a sleep diary. Participants are to be followed annually with clinical and neuropsychological assessments, and biannu-
ally with the full KBASE assessment, including neuroimaging and laboratory tests.
ResultsaaAs of March 2017, in total, 758 individuals had volunteered for this study. Among them, in total, 591 participants–291 cogni-
tively normal (CN) old-aged individuals, 74 CN young- and middle-aged individuals, 139 individuals with mild cognitive impairment 
(MCI), and 87 individuals with AD dementia (ADD)–were enrolled at baseline, after excluding 162 individuals. A subset of participants 
(n=275) underwent actigraph monitoring.
ConclusionaaThe KBASE cohort is a prospective, longitudinal cohort study that recruited participants with a wide age range and a 
wide distribution of cognitive status (CN, MCI, and ADD) and it has several strengths in its design and methodologies. Details of the re-
cruitment, study methodology, and baseline sample characteristics are described in this paper. Psychiatry Investig 2017;14(6):851-863
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INTRODUCTION

Alzheimer’s disease (AD) is the most common cause of de-
mentia.1,2 Because older age itself is a primary risk factor for 
AD, the number of people living with AD is increasing rap-
idly and is projected to reach over 100 millions worldwide by 
2050, resulting in tremendous social and economic impacts 
globally.2-4 Development of effective therapeutic interventions 
that can delay or prevent disease progression has become a 
public health priority, notably since previous studies postu-
lated that the prevalence and economic burden of AD could 
decrease by almost 50% in 2050 if the onset of AD is delayed 
by 5 years in 2015.5,6

Nevertheless, the underlying etiologies and pathophysiolo-
gy of AD are not yet fully understood and there is currently no 
effective treatment that can cure AD. Moreover, recent clinical 
trials using anti-amyloid therapies for mild-to-moderate AD 
dementia (ADD) patients that were expected to modify the 
disease-course of AD failed to meet the primary endpoints.7-9 
Regarding the disappointing outcome of these trials, research-
ers pointed out that the timing of intervention may have been 
one of the possible reasons; for patients with dementia stage 
of AD, it may be too late for disease-course modification be-
cause of the irreversible neuronal loss that would mitigate 
any effect of therapy.8,10 Thus, early detection and intervention 
before neuronal loss are likely to be important for maximiz-
ing the beneficial effect of new therapies. Furthermore, the tar-
gets for developing disease-modifying agents are shifting from 
patients with ADD to individuals in the predementia phase 
and even in the asymptomatic stage of AD.11 In this context, 
development and validation of AD biomarkers for the early 
detection and prediction of AD with high accuracy have be-
come important research goals.12,13

Several neuroimaging techniques including positron emis-
sion tomography (PET) and magnetic resonance imaging (MRI) 
and cerebrospinal fluid (CSF) biomarkers that reflect  β-amyloid 
(Aβ) deposition and AD-specific neurodegeneration are cur-
rently available.12-14 Although these biomarkers have mark-
edly advanced clinical research and practice regarding AD and 
have been incorporated into recent diagnostic criteria for AD, 
as recommended by the National Institute of Aging and Al-
zheimer’s Association (NIA-AA)15 and International Working 
Group,16 these biomarkers have limitations for broader appli-
cations. In case of CSF biomarkers, lumbar puncture for col-
lecting CSF samples requires invasive, labor-intensive proce-
dures, and measurement variability due to lack of standardization 
and poor inter-institution reliability is still problematic.13,17,18 
While the neuroimaging biomarkers have strengths in being 
non-invasiveness and having good face validity, they still have 
limitations; most notably, not only the biomarkers using PET 

are expensive and are not commonly available except at ter-
tiary hospitals, but they also come with the risk of radiation ex-
posure for serial or repeated scans.17,19,20 Additionally, clinical 
interpretations of neuroimaging-based neuronal injury bio-
markers are mostly dependent on visual qualitative reading 
because of limited normative information for quantitative read-
ing, particularly in non-Caucasian population.21 Thus, less in-
vasive, less expensive, more readily available “new” biomark-
ers that are highly accurate and reliable for AD are needed, 
especially given increasing need for biomarkers that can be 
used on the front line in widespread screening in clinical prac-
tice and for the recruitment of candidates for clinical trials, as 
well as for repeated use for monitoring disease progression 
and treatment efficacy. For example, blood-based biomarkers 
that can be assessed with simple venipuncture will be candi-
dates if they reflect the underlying AD pathology.17 Several 
previous studies have attempted to discover novel biomark-
ers for AD from blood-derived specimens (i.e., plasma, DNA, 
etc.) along with advancements in analytical methods such as 
proteomic and genetic analyses.17,22-25 The previously report-
ed candidates, however, have limited utilization due to vari-
able accuracy and low reproducibility stemming from two 
factors: 1) for several studies, samples were collected based 
on clinical diagnosis criteria rather than presence of in vivo 
AD pathologies and 2) sample sizes were relatively small for 
some studies. Therefore, further large-scale, well-character-
ized cohort studies are necessary to discover and validate bio-
markers including blood-based ones that can reflect in vivo 
brain AD pathologies.

Various risk or protective factors for dementia syndrome 
or cognitive impairment have been suggested by numerous 
epidemiological studies.1,26 However, we still do not know 
much about the mechanisms through which various lifetime 
experiences such as physical and mental activity, social rela-
tionships, stress experiences, personality, diet and nutrition, 
and sleep, and many aging-related physiological or patholog-
ical changes in the human body, such as vascular status, hor-
monal changes, glucose or lipid metabolism, and body mass 
index (BMI) contribute to AD-related brain changes.1,3 Thus, 
the mechanisms that link these factors to specific in vivo AD 
pathologies should be clarified for the development of more 
specific preventative or disease-modifying interventions for 
AD. More specifically, it is necessary to clarify whether a risk 
or protective factor contributes directly to Aβ accumulation 
or whether it aggravates neuronal injury through an Aβ-
independent mechanism in the living human brain. Addition-
ally, to adopt modifiable risk or protective factors into treat-
ment and prevention, it is important to know the critical lifetime 
period and duration of exposure when a certain risk or protec-
tive factor has a significant impact on AD-related brain chang-
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es and to understand its interaction with cognitive or neural re-
serves and genetic predisposition.1,27

Given this background, the Korean Brain Aging Study for 
the Early Diagnosis and Prediction of Alzheimer’s disease 
(KBASE) cohort, a prospective observational cohort which 
started in 2014, aimed to develop new biomarkers, particu-
larly blood biomarkers, for the early detection of AD process-
es or pathologies. A multidisciplinary team participated in the 
search for biomarkers by applying advanced imaging analy-
sis, biochemical, proteomics, genetics, and big data analysis 
techniques to the cohort data. The study also aimed to inves-
tigate how multi-faceted lifetime experiences and bodily chang-
es contribute to the brain changes or brain pathologies relat-
ed to AD process. We hypothesized that investigating the 
association of lifetime experiences or bodily changes with in 
vivo AD pathologies measured by AD biomarkers in individu-
als with varied ages and cognitive status could reveal modifi-
able contributors to AD pathologies. This paper reports the 
study methodology and the baseline demographic, clinical 
and neuropsychological characteristics of participants in the 
KBASE cohort. 

METHODS

Recruitment of participants
The study aimed to recruit 650 individuals overall [70 cog-

nitively normal (CN) young and middle-aged adults (CN-ym), 
350 CN old-aged adults (CN-old), 140 individuals with mild 
cognitive impairment (MCI) and 90 individuals with ADD]. 
First, individuals who met the following criteria were includ-
ed as the CN-ym group: 1) age 20–54 years (inclusive), 2) Clin-
ical Dementia Rating (CDR) score of 0, and 3) no diagnosis of 
MCI or dementia. For CN-old group, inclusion criteria were 
1) age 55–90 years (inclusive), 2) CDR score of 0, and 3) no di-
agnosis of MCI or dementia. For the MCI group, individuals 
[age 55–90 years (inclusive)] who met the following inclusion 
criteria based on core clinical criteria for diagnosis of MCI ac-
cording to the recommendations of the NIA-AA guidelines,28 
were included: 1) memory complaint corroborated by self, 
an informant, or clinician, 2) objective memory impairment 
for age, education, and gender, 3) largely intact functional ac-
tivities, and 4) not demented. All MCI individuals had a glob-
al CDR score of 0.5. In terms of criterion 2) for MCI, all MCI 
participants had a performance score at least 1.0 SD below the 
respective age, education, and gender-specific mean for at least 
one of the four episodic memory tests included in the Korean 
version of Consortium to Establish a Registry for Alzheimer’s 
Disease (CERAD-K) neuropsychological battery (Word List 
Memory, Word List Recall, Word List Recognition and Con-
structional Recall test).29 Finally, participants with ADD [age 

55–90 years (inclusive)] who met the following inclusion cri-
teria were recruited: (a) criteria for dementia in accordance 
with the Diagnostic and Statistical Manual of Mental Disor-
ders 4th Edition (DSM-IV-TR),30 (b) the criteria for probable 
ADD in accordance with the NIA-AA guidelines,15 and (c) CDR 
score of 0.5 or 1. Exclusion criteria for all participants include: 
1) presence of major psychiatric illness (e.g., schizophrenia, 
bipolar disorder, major depressive disorder, alcohol/substance 
abuse or dependence, delirium), 2) significant neurological 
or medical condition or comorbidities that could affect men-
tal functioning, 3) contraindications for MRI scan (e.g. pace-
maker, claustrophobia), 4) illiteracy, 5) presence of significant 
visual/hearing difficulty, severe communication or behavior-
al problems that would make a clinical examination or brain 
scan difficult, 6) taking an investigational drug, and 7) in preg-
nancy or breastfeeding.

Participants were recruited through four recruitment sites 
(two university hospitals and two public centers for dementia 
prevention and management) around Seoul, South Korea. In 
addition, volunteers from the community were recruited 
through advertisements at an online homepage, posters, and 
brochures provided at main recruitment sites and word of 
mouth (recommended by other participants, family members, 
friends, or acquaintances). In the MCI and ADD groups, po-
tentially eligible individuals who visited memory clinics at 
two university hospitals [Seoul National University Hospital 
(SNUH) and Seoul National University-Seoul Metropolitan 
Government (SNU-SMG) Boramae Medical Center] or par-
ticipated in a dementia screening program at two public cen-
ters for dementia prevention and management were in-
formed about study participation and those who volunteered 
were invited for an assessment of eligibility.

Ethics approval
This study protocol was approved by the Institutional Review 

Boards of SNUH (C-1401-027-547) and SNU-SMG Boramae 
Medical Center (26-2015-60), Seoul, South Korea, and was 
conducted in accordance with the recommendations of the 
current version of the Declaration of Helsinki. The subjects or 
their legal representatives gave written informed consent. 

KBASE baseline assessment protocol
At baseline, all participants underwent comprehensive clin-

ical and neuropsychological assessments, multi-modal neu-
roimaging examinations including [11C]Pittsburgh compound 
B (PiB)-PET, [18F]fluorodeoxyglucose (FDG)-PET, MRI and 
magnetic resonance angiography (MRA), and comprehensive 
laboratory blood tests. Clinical and neuropsychological assess-
ments were done at SNUH and SMG-SNU Boramae Medical 
Center, and other baseline assessment including neuroimaging 
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and blood sampling were done at a single center (SNUH). 

Clinical assessment 
All participants were administered standardized clinical as-

sessments by trained board-certified psychiatrists based on 
the KBASE clinical assessment protocol which incorporated 
the CERAD-K clinical assessment31,32 at the time of recruit-
ment. Reliable informants were also interviewed and medical 
records were reviewed for more accurate information if avail-
able. Global and each domain CDR score33 were rated for all 
participants and CDR-Sum-of-Box (CDR-SB) were calculated 
as a sum of the CDR score of all domains. The Global Deteri-
oration Scale (GDS) was also administered for evaluation of 
dementia severity. The Blessed Dementia Scale-Activity of Dai-
ly Living (BDS-ADL)32,34 was administered to measure abili-
ties in ADL. Physical and neurological examinations were also 
performed by clinicians.

The KBASE clinical assessment protocol incorporated a 
standardized interview form based on the Structured Clini-
cal Interview for DSM-IV (SCID-IV)35 that is required for the 
diagnosis of present and past major depressive episodes. Ad-
ditionally, the severity of depressive symptoms at the time of 
the examination was measured using the 17-item Hamilton 
Rating Scale for Depression,36 the 30-item Korean version of 
the Geriatric Depression Scale (GDS-KR),37,38 and the Center 
for Epidemiologic Studies Depression scale (CES-D).39 The 
State-Trait Anxiety Inventory (STAI)40 was administered to 
all participants.

To evaluate subjective memory complaints, the Subjective 
Memory Complaints Questionnaire (SMCQ)41 was complet-
ed by all participants. The Seoul Informant Report Question-
naire for Dementia (SIRQD)42 was also completed by reliable 
informants.

Current and past medical comorbidities, family history (FH) 
of dementia, use of medication, nutraceuticals, smoking, al-
cohol, and coffee intake were assessed based on systematic 
interviews with participants and their informants by trained 
nurses. The presence or absence of vascular risk factors (VRFs), 
including hypertension, diabetes mellitus, coronary heart 
disease, hyperlipidemia, stroke, and transient ischemic attack 
(TIA) were also identified in the same manner and VRF score 
(VRS) was calculated as the number of the VRFs present and 
reported as a percentage.43 Medications were also reviewed 
based on prescriptions provided by participants and medical 
records. Height, weight, BMI and other anthropometric vari-
ables (i.e., circumferences of waist, hip, head, neck, upper arm, 
etc.) were measured. Systolic/diastolic blood pressure (SBP/
DBP) was measured in supine and erect positions by trained 
nurses using sphygmomanometer. Additionally, ankle bra-
chial pressure index (ABI) was calculated based on the average 

BP in the right arm and bilateral ankle (posterior tibial artery) 
measured with a hand-held Doppler device.44

Neuropsychological assessment
All subjects were given a comprehensive neuropsychologi-

cal assessment battery, administered by clinical neuropsychol-
ogists or trained psychometrists, according to a standardized 
protocol incorporating the CERAD-K neuropsychological 
battery.29 The selected tests included in the battery are recog-
nized internationally and are used widely to cover the main 
cognitive domains that are affected by AD and other demen-
tias. The domains were attention, processing speed, verbal 
and nonverbal memory, visuospatial functioning, language, 
and executive functioning. The full battery consisted of the 
Mini-Mental State Examination in the Korean version of the 
CERAD assessment packet (MMSE-KC),29 CERAD-K verbal 
memory tests,29 including Word List Memory, Word List De-
layed Recall, Word List Recognition, CERAD-K Construc-
tional Praxis,29 and CERAD-K nonverbal memory delayed 
recall,29 the Trail Making Test A and B,45 and the Stroop Test 
(Korean Golden version),46 Verbal Fluency Tasks (both se-
mantic29 and phonemic47), CERAD-K confrontational nam-
ing test (Modified Korean version of the Boston Naming 
Test),29 Wechsler Adult Intelligence Scale-revised edition Ko-
rean version (WAIS-R-K) Digit Span (forward and back-
ward),48,49 Wechsler Memory Scale-Fourth edition Korean 
version (WMS-IV-K) Logical Memory I, II and Recognition 
(both stories),50 Rey Complex Figure Test (RCFT),51 and the 
Wechsler Adult Intelligence Scale-Fourth edition Korean ver-
sion (WAIS-IV-K) Block Design.52 The length of the full assess-
ment was -2 h. All participants were also administered the 
Korean Adult Reading Test (KART)53 to estimate premorbid 
functioning.

Consensus diagnostic conferences
Allocation of individuals to one of the four diagnostic groups 

and exclusion of ineligible individuals were undertaken by a 
clinical review panel chaired by DYL at a weekly clinical re-
view panel meeting. This panel consisted of several board-
certified psychiatrists, clinical neuropsychologists, and psy-
chometrists who trained for research in geriatric psychiatry 
and dementia.

Blood sampling and laboratory assessments 
Overnight fasting blood samples (70 mL) were collected in 

the morning by venipuncture and collected in K2 EDTA, SST, 
trace element serum tubes and PAXgene Blood RNA tubes. 
Baseline routine blood laboratory tests included complete 
blood cell count, erythrocyte sedimentation rate, BUN/creat-
inine, albumin, liver function tests, fasting serum glucose, 
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glycated hemoglobin (HbA1c), serum lipids, homocysteine, 
thyroid function test, sex hormones, insulin, cortisol, zinc, cop-
per, ferritin/transferrin/iron, and ceruloplasmin. Genomic 
DNA was extracted from whole blood and apolipoprotein E 
(APOE) genotyping was performed as described previously.54 
APOE ε4 carrier status was coded if at least one ε4 allele was 
present. 

The remaining blood samples were stabilized and centri-
fuged (700 g, 5 min, room temperature) to obtain plasma 
and serum supernatants, and buffy coat. To obtain samples 
with high purity, the plasma and serum supernatants were fur-
ther centrifuged under the same conditions, and the collect-
ed pure plasma and serum supernatants were aliquoted and 
immediately stored at -80°C. Buffy coat, DNA, and RNA spec-
imens were also stored at -80°C for future analyses.

To find candidates for novel blood-based biomarkers of 
AD, plasma proteomics analyses and biochemical validation 
using the enzyme-linked immunosorbent assay and X-MAP 
technology are ongoing. Additionally, genetic analyses using 
next generation sequencing technologies including whole ge-
nome sequencing as well as targeted gene panel analyses are 
underway.

Neuroimaging
Participants underwent two-sessions of PET-MR scanning 

to obtain multi-modal imaging including [11C]PiB-PET, [18F]
FDG-PET, MRI, and MRA using a 3.0T Biograph mMR (PET-
MR) scanner (Siemens, Washington, DC, USA) according to 
the manufacturer’s approved guidelines. Detailed information 
on image preprocessing procedures will be described in more 
specialized papers. 

[11C]PiB-PET
Participants underwent simultaneous three-dimensional 

(3D) [11C]PiB-PET and 3D T1-weighted MRI using the 3.0T 
PET-MR scanner. After intravenous administration of 555 MBq 
of [11C]PiB (range, 450–610 MBq), a 30-min emission scan 
was obtained 40 min after injection. The PiB-PET data collect-
ed in list mode were processed for routine corrections such 
as uniformity, UTE-based attenuation, and decay corrections, 
and were reconstructed into a 256×256 image matrix using 
iterative methods (6 iterations with 21 subsets). 

[18F]FDG-PET
The participants fasted for at least 6 h and rested in a waiting 

room for 40 min prior to the scans after intravenous admin-
istration of 0.1 mCi/Kg of [18F]FDG radioligands. The PET 
data collected in list mode (5 min×4 frames) were processed 
for routine corrections such as uniformity, UTE-based atten-
uation, and decay corrections. After inspecting the data for 

any significant head movements, we reconstructed them into 
a 20-min summed image using iterative methods (6 iterations 
with 21 subsets). 

MRI and MRA
MRI and MRA scan data were obtained from all participants 

using the 3.0T PET-MR scanner. Both structural MRI, includ-
ing 3D T1, T2, fluid-attenuated inversion recovery (FLAIR), 
diffusion tensor imaging (DTI), and susceptibility weighted 
imaging (SWI) sequences and functional MRI (fMRI), includ-
ing resting-state fMRI and arterial spin labeling (ASL), were ob-
tained. All MR images were reviewed by neuroradiologists. 

Lifetime experience & personality assessments
All participants in the KBASE cohort were comprehensive-

ly evaluated for multi-faceted lifetime experiences and per-
sonality traits. More detailed and specific demographic vari-
ables including current and past occupational attainments, 
socioeconomic status, residence, information on family mem-
bers, and religious activity were obtained from semi-struc-
tured interviews. Several self-reported and/or informant-re-
ported questionnaires to assess the lifetime cognitive and 
physical activity, lifetime history of stressful events, diet and 
nutrition, lifetime changes in body weights, personality traits, 
resilience, social support, interpersonal reactivity, religiosity/
spirituality, and anosognosia were administered to partici-
pants and/or informants. Instruments or questionnaires used 
in the KBASE are described in the Supplementary Materials 
1 (in the online-only Data Supplement). 

Assessment of sleep-circadian rhythm
All subjects completed subjective sleep-related questionnaires 

including the Pittsburgh Sleep Quality Index,55 The REM Sleep 
Behavior Disorder Questionnaire,56 STOP questionnaire,57 
Cambridge-Hopkins questionnaire for restless legs syndrome 
(CH-RLSq),58 and Morningness-eveningness questionnaire-
Korean version (MEQ-K).59 Subjectively reported lifetime sleep 
habits including average sleep duration and sleep quality from 
adolescent to late-life were also collected through interviews 
with participants and informants by trained nurses. To objec-
tively measure sleep-circadian rhythm parameters, a subset 
of participants underwent actigraph monitoring (Actiwatch 
2, Phillips Respironics; Murrysville, PA, USA) that detects body 
movement with a piezoelectric linear accelerometer and gen-
erates a voltage. Subjects wore the Actiwatch 2 on their non-
dominant wrist for seven consecutive 24-hour periods. Sleep 
diaries were also completed by these individuals.

Statistical analysis
Baseline demographic and clinical variables were compared 
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across diagnostic groups using analysis of variance for contin-
uous variables and χ2 tests for categorical variables. Neuro-
psychological variables were compared among diagnostic 
groups using analysis of covariance, with covariates includ-
ing age, gender and educational years. All statistical analyses 
were performed using the IBM SPSS Statistics for Windows, 
version 23 (IBM Corp., Armonk, NY, USA).

RESULTS

This section provides an overview of baseline characteris-
tics of the KBASE cohort, and detailed results for specific re-
search interests will be presented in subsequent, more spe-
cialized papers.

Study participants
As of March 2017, in total, 758 individuals had volunteered 

for the assessment of eligibility for participation in the KBASE 
cohorts (Figure 1). Among them, 591 individuals were in-
cluded in the KBASE baseline cohort and 167 individuals 
were excluded for the following reasons: 1) 63 individuals 
met the one of the exclusion criteria, such as comorbid medi-
cal, psychiatric, or neurological disorder or condition that could 
affect mental functioning (n=51), presence of severe com-
munication or behavioral problems that would make a clini-
cal examination or brain scan difficult (n=5), contraindica-
tions for MRI scans (n=6), and participation in another clinical 
trial taking an investigational product (n=1), 2) 46 subjects 
did not meet the inclusion criteria for any diagnostic group, 
and 3) 58 subjects were excluded due to withdrawal of con-
sent (n=55) or loss of contact (n=3). The 591 individuals in-

cluded in the baseline KBASE cohort consisted of 74 CN-ym, 
291 CN-old, 139 MCI [amnestic MCI, single domain (n=58), 
amnestic MCI, multiple domains (n=81)], and 87 ADD indi-
viduals.

Demographic and clinical characteristics
There were significant group differences in age, gender, and 

educational levels among the four groups (Table 1). The MCI 
and ADD individuals were significantly older and more like-
ly to be female compared with the CN-old and CN-ym indi-
viduals. Educational years of the CN-old, MCI, and ADD 
groups were significantly lower than of the CN-ym group, and 
those of the MCI and ADD groups were still lower than those 
of the CN-old group.

Most of the ADD (97%) and about half of MCI (49%) par-
ticipants were referred from special clinics for dementia and 
cognitive disorder in the two university hospitals in Seoul, South 
Korea, while 35.3% of MCI participants were recruited from 
dementia screening programs at the two public centers for de-
mentia prevention and management. In contrast, the majori-
ty of CN-ym and CN-old individuals were recruited from the 
community through word of mouth or online/offline poster 
advertisements.

The frequency of FH of ADD in first-degree relatives was 
the highest in the ADD group (30.2%), followed by the MCI 
(23.0%), CN-old (20.6%), and CN-ym (8.1%) groups. The fre-
quency of APOE ε4 carriers in the ADD group (59.8%) was 
also highest among the four groups.

Among 87 individuals with ADD, 33.3% of them had a global 
CDR of 0.5, while the rest had a score of 1. Compared with the 
other diagnostic groups, individuals with ADD showed the high-
est CDR score in all six domains, whereas the MCI group had 
intermediate CDR scores, between AD and CN subjects (Table 
2). Likewise, BDS-ADL scores and GDS showed similar trends.

When we compared SMCQ and SIRQD scores, the CN-
old, MCI, and ADD groups scored significantly higher than 
the CN-ym, and scores of the MCI and ADD groups were still 
higher than CN-old. No significant difference in self-report-
ed SMCQ score was found between subjects with MCI and 
ADD, whereas the SIRQD score was much higher than in the 
MCI group. Current depressive symptoms, measured by the 
GDS-KR, CES-D, and HDRS, were significantly higher in sub-
jects with ADD and MCI than in CN-ym and CN-old indi-
viduals. Additionally, the MCI group showed the highest scores 
in the GDS-KR and state-anxiety scores, measured by STAI.

Neuropsychological characteristics
Overall, significant group differences in most neuropsycho-

logical measurements among the four diagnostic groups were 
found after controlling for the effects of age, gender, and edu-

Figure 1. Flow chart describing the composition of the KBASE 
cohort. CN-ym: Cognitively normal young and middle-aged adults, 
CN-old: Cognitively normal old-aged adults, MCI: Mild Cognitive 
Impairment, ADD: Alzheimer’s disease dementia, KBASE: Kore-
an Brain Aging Study for the Early Diagnosis and Prediction of Al-
zheimer’s disease.
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cational level (Table 3). ADD individuals showed the most se-
vere impairments and MCI individuals showed intermediate 
scores between ADD and CN-old individuals in most neuro-
psychological measurements. Compared with the CN-old 
groups, the MCI and ADD groups showed significant im-
pairments in all tests in verbal and non-verbal memory do-
mains, as well as global cognition (MMSE-KC), semantic and 
phonemic fluency, confrontational naming test, visuospatial 
function, executive function, and attention. MCI individuals 

showed better performance in most neuropsychological tests 
compared with ADD participants, but impairments in the 
Word List Immediate Recall, Digit Span Backward, and pho-
nemic fluency tests did not show significant differences com-
pared with ADD participants.

When we compared CN-old and CN-ym groups, CN-old 
individuals had significantly lower scores in a subset of neu-
ropsychological tests, including the MMSE-KC, immediate 
and delayed recall of the WMS-IV-K Logical Memory, phone-

Table 1. Baseline demographic characteristics of participants

CN-ym  (N=74) CN-old (N=291) MCI (N=139) ADD (N=87) p
Age (years) 37.7 (9.7) 69.2 (8.1) 73.7 (7.0) 73.0 (8.1) <0.001*
Age range (years) 21–54 55–87 57–90 55–87
Age frequency <0.001

<60 74 (100) 49 (16.8) 4 (2.9) 7 (8)
60–69 0 97 (33.3) 34 (24.5) 18 (20.7)
70–79 0 114 (39.2) 71 (51.1) 39 (44.8)
80–90 0 31 (10.7) 30 (21.6) 23 (26.4)
Female 39 (52.7) 149 (51.2) 92 (66.2) 60 (69.0) 0.002

Educational years 15.0 (1.9) 11.8 (4.8) 10.0 (4.5) 9.1 (5.4) <0.001*
Education level <0.001
≤12 years 12 (16.2) 172 (59.1) 111 (79.9) 69 (79.3)
>12 years 62 (83.8) 119 (40.9) 28 (20.1) 18 (20.7)

Marital status <0.001
Married 45 (60.8) 231 (79.4) 116 (83.5) 64 (73.6)
Widowed 1 (1.4) 44 (15.1) 20 (14.4) 19 (21.8)
Separation or divorced 2 (2.7) 13 (4.5) 2 (1.4) 3 (3.4)
Unmarried 26 (35.1) 2 (0.7) 0 0
Others 0 1 (0.3) 1 (0.7) 1 (1.1)

Recruitment <0.001
Referral from dementia clinic 0 5 (1.7) 68 (48.9) 84 (96.6)
Referral from local dementia screening program 0 10 (3.4) 49 (35.3) 1 (1.1)
Online and offline poster 18 (24.3) 17 (5.8) 3 (2.2) 0
Word of mouth† 56 (75.7) 259 (89.0) 19 (13.7) 2 (2.3)

FH of AD dementia in 1st degree relatives 6 (8.1) 60 (20.6) 30 (21.9) 24 (28.2) 0.016
APOE genotype‡ <0.001
ε2/ε2 0 (0) 2 (0.7) 0 (0) 0 (0)
ε2/ε3 9 (12.2) 28 (9.7) 10 (7.2) 2 (2.3)
ε3/ε3 44 (59.5) 207 (71.4) 82 (59.0) 33 (37.9)
ε2/ε4 2 (2.7) 2 (0.7) 3 (2.2) 0 (0)
ε3/ε4 17 (23.0) 49 (16.9) 34 (24.5) 40 (46.0)
ε4/ε4 2 (2.7) 2 (0.7) 10 (7.2) 12 (13.8)

APOE e4 carrier status‡ 21 (28.4) 53 (18.3) 47 (33.8) 52 (59.8) <0.001
Data are shown as mean (SD) or N (%). *CN-ym<CN-old<MCI, ADD in post-hoc analysis, †recommended by other participants, family 
members, friends, or acquaintances, ‡data for 1 CN-old subjects was unavailable. CN-ym: Cognitively normal young and middle-aged adults, 
CN-old: Cognitively normal old-aged adults, MCI: Mild Cognitive Impairment, ADD: Alzheimer’s disease dementia, FH: Family history, 
APOE: Apolipotrotein E
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mic fluency, and the WAIS-IV-K Block Design.

Medical comorbidities and anthropometric 
measurements

Compared with the CN-ym group, the CN-old, MCI, and 
ADD groups were more likely to have hypertension, diabetes 
mellitus, and hyperlipidemia, and to have higher VRS (Table 
4). However, no significant group difference in the frequency 
of each VRF or VRS was observed among CN-old, MCI, and 
ADD groups. Compared with the CN-ym group, both SBP and 
DBP were higher in the CN-old, MCI, and ADD groups. No 
significant group difference was found in BMI or waist cir-
cumferences among the four groups. Detailed findings on 
medical comorbidities, ABI, and other anthropometric mea-
surements will be described in more specialized papers.

Neuroimaging
As of March 2017, baseline [11C]PiB-PET, [18F]FDG-PET, 

and MRI/MRA images from 574 individuals were available 
for analyses. Three subjects were waiting for scheduled scans 
and 14 subjects were excluded from further image analyses 

for the following reasons: 1) did not participate in [11C]PiB-
PET/MR scan due to general medical condition, withdrawal 
of consent, or lack of cooperation (n=12) and 2) unable to use 
images due to severe artifacts (n=2). Detailed results of neu-
roimaging data will be presented in more specialized papers.

Actigraph monitoring
In total, 275 participants underwent actigraph monitoring 

for seven consecutive 24-h periods. Among them, 40 were 
CN-ym, 153 were CN-old, 46 were MCI, and 36 were ADD 
participants. Detailed results of analyses from actigraph mon-
itoring data will be presented in more specialized papers.

DISCUSSION

The KBASE is an ongoing prospective, longitudinal cohort 
study that recruited individuals with a wide range of ages 
(20–90 years) and cognitive status (CN, MCI, and ADD) to 
discover novel biomarkers for the early detection of in vivo 
AD pathology and to reveal the influence of various lifetime 
experiences and bodily changes on AD-related brain chang-

Table 2. Baseline clinical characteristics of participants

CN-ym  CN-old MCI ADD p
CDR domain

Memory 0 (0) 0 (0) 0.50 (0.04) 1.14 (0.37) <0.001*
Orientation 0 (0) 0.00 (0.04) 0.43 (0.19) 1.03 (0.44) <0.001*
Judgment 0 (0) 0.00 (0.04) 0.21 (0.25) 0.86 (0.29) <0.001*
Community affairs 0 (0) 0 (0) 0.19 (0.24) 0.94 (0.25) <0.001*
Home and hobbies 0 (0) 0 (0) 0.17 (0.24) 0.77 (0.31) <0.001*
Personal care 0 (0) 0 (0) 0.00 (0.04) 0.31 (0.48) <0.001*

Global CDR <0.001
CDR 0 74 (100) 291 (100) 0 0
CDR 0.5 0 0 139 (100) 29 (33.3)
CDR 1 0 0 0 58 (66.7)

CDR-SB 0 (0) 0.01 (0.06) 1.50 (0.65) 5.05 (1.45) <0.001*
GDS 1.00 (0.00) 1.05 (0.21) 2.93 (0.35) 4.53 (0.50) <0.001†

BDS-ADL 0 (0) 0.01 (0.06) 1.28 (0.61) 3.83 (1.09) <0.001†

SMCQ 0.99 (1.27) 2.14 (1.95) 5.60 (3.11) 5.66 (3.05) <0.001*
SIRQD 1.45 (2.51) 3.54 (3.89) 9.54 (6.26) 16.99 (6.24) <0.001†

GDS-KR 4.43 (3.91) 4.73 (4.94) 10.27 (6.98) 7.93 (5.50) <0.001‡

HRSD 0.7 (1.8) 0.8 (1.6) 3.1 (4.2) 2.0 (2.8) <0.001§

CES-D¶ 26.0 (6.2) 28.2 (6.8) 33.7 (9.9) 32.3 (9.9) <0.001§

STAI-state¶ 34.8 (8.6) 35.4 (9.9) 40.5 (11.8) 38.4 (11.5) <0.001ǁ

Data are shown as mean (SD) or N (%). Significant findings from post-hoc analyses of each variable are listed below. *CN-ym, CN-old<MCI< 
ADD, †CN-ym<CN-old<MCI<ADD, ‡CN-ym, CN-old<ADD<MCI, §CN-ym, CN-old<MCI, ADD, ǁCN-ym, CN-old<MCI, ¶data for 7 sub-
jects (3 CN old, 1 MCI, 3 ADD) were unavailable. CN-ym: Cognitively normal young and middle-aged adults, CN-old: Cognitively normal 
old-aged adults, MCI: Mild Cognitive Impairment, ADD: Alzheimer’s disease dementia, CDR: Clinical dementia rating, CDR-SB: CDR sum 
of box, GDS: Global deterioration scale, BDS-ADL: Blessed Dementia Scale-Activity of Daily Living, SMCQ: Subjective Memory Complaints 
Questionnaire, SIRQD: Seoul Informant Report Questionnaire for Dementia, STAI: State-Trait Anxiety Inventory
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es, such as Aβ deposition and neuronal injury. As of March 
2017, almost 600 individuals underwent the baseline multi-
disciplinary assessment including comprehensive clinical and 

neuropsychological assessments, multi-modal imaging in-
cluding [11C]PiB-PET, [18F]FDG-PET, MRI and MRA, and 
blood laboratory tests according to a standardized protocol. 

Table 3. Baseline neuropsychological characteristics of participants

CN-ym  CN-old MCI ADD p
MMSE-KC 29.08 (0.99) 26.90 (2.61) 22.48 (3.16) 16.39 (4.17) <0.001*
Semantic fluency 19.65 (4.31) 15.69 (4.77) 11.97 (3.80) 8.77 (3.73) <0.001†

Boston naming test 13.41 (0.99) 12.14 (2.19) 9.96 (2.48) 8.53 (3.15) <0.001‡

Verbal memory
Word list: immediate recall 24.12 (3.54) 19.45 (4.16) 9.20 (6.36) 9.64 (4.42) <0.001§

Word list: delayed recall 8.77 (1.43) 6.53 (1.85) 2.75 (1.78) 0.86 (1.44) <0.001†

Word list: recognition 9.84 (0.64) 9.11 (1.22) 6.30 (2.66) 3.91 (2.71) <0.001†

Constructional praxis 10.85 (0.49) 10.07 (1.33) 9.20 (1.52) 8.33 (2.32) <0.001†

Nonverbal memory delayed recall 10.23 (1.53) 7.41 (2.86) 2.49 (2.59) 0.76 (1.32) <0.001†

Stroop Testǁǁ

Word reading 95.23 (11.46) 76.96 (18.41) 62.85 (17.86) 53.71 (19.13) <0.001ǁ

Color reading 79.10 (11.45) 62.54 (13.27) 52.01 (13.06) 42.56 (15.20) <0.001†

Color-word reading 55.35 (11.46) 37.70 (11.10) 28.25 (10.90) 21.08 (12.38) <0.001†

WMS-IV-K logical memoryǁǁ

Immediate recall 29.73 (7.79) 19.12 (7.34) 9.24 (5.68) 3.76 (5.02) <0.001*
Delayed recall 26.57 (7.93) 13.87 (7.35) 3.87 (4.56) 0.68 (4.25) <0.001*
Recognition 25.65 (3.06) 21.11 (3.96) 16.74 (3.00) 14.96 (2.82) <0.001†

RCFTǁǁ

Copy 34.03 (2.45) 29.59 (6.19) 24.68 (8.37) 17.80 (11.48) <0.001ǁ,¶

3-minute delay 21.80 (5.57) 14.10 (6.44) 6.61 (5.91) 1.46 (3.53) <0.001†

30-minute delay 21.87 (5.84) 13.63 (6.52) 5.64 (5.60) 0.75 (3.43) <0.001†

Digit Spanǁǁ

Forward 9.77 (2.58) 6.97 (2.58) 5.59 (2.29) 5.55 (2.53) 0.054 
Backward 7.93 (2.73) 4.96 (2.08) 3.77 (1.53) 3.25 (2.02) <0.001§

COWAT (phonemic fluency) totalǁǁ 40.01 (12.27) 25.60 (11.44) 19.28 (9.04) 16.25 (10.01) <0.001**
WAIS-IV-K block designǁǁ 48.45 (10.03) 29.99 (9.43) 23.78 (8.17) 17.57 (10.01) <0.001*
Clock Drawing Testǁǁ

CLOX 1 13.27 (1.55) 13.15 (2.10) 11.86 (3.31) 9.01 (4.43) <0.001ǁ,††

CLOX 2 14.72 (0.69) 14.50 (0.93) 13.71 (1.92) 11.84 (3.47) <0.001ǁ,††

Trail Making Testǁǁ

Trails A (time, sec) 28.65 (20.83) 49.89 (23.29) 76.93 (44.70) 101.91(65.84) <0.001‡‡

Trails B (time, sec) 63.66 (26.30) 124.18 (58.46) 184.88 (64.40) 176.08 (72.25) <0.001§§

KARTǁǁ 47.87 (2.48) 44.89 (5.03) 42.39 (6.97) 39.67 (9.37) <0.001ǁ

Data are shown as mean (SD). Analysis of covariance (ANCOVA) was performed with age, sex, and educational years as covariates. Significant 
findings from post-hoc analyses are listed below. *CN-ym>CN-old>MCI>ADD, †CN-ym, CN-old>MCI>ADD, ‡CN-old>CN-ym, 
MCI>ADD, §CN-ym, CN-old>MCI, ADD, ǁCN-old>MCI>ADD, ¶CN-ym, CN-old>ADD, **CN-ym>CN-old>MCI, ADD, ††CN-ym>ADD 
‡‡CN-old>CN-ym, MCI, ADD/MCI>ADD, §§CN-old>MCI, ADD, ǁǁNumber of data unavailable for these analyses were as follows: 1) Stroop 
Test: Word Reading (2 ADD), Color Reading (3 ADD), Color-Word Reading (4 ADD), 2) WMS-IV-K Logical Memory: Immediate Memory 
(2 MCI, 1 ADD), Delayed recall (2 MCI, 2 ADD), Recognition (1 CN-old, 6 MCI, 15 ADD), 3) RCFT (1 MCI, 3 ADD), 4) Digit Span: For-
ward (1 MCI, 1 ADD), Backward (1 MCI, 3 ADD), 5) COWAT (1 MCI, 11 ADD), 6) WAIS-IV-K Block Design: (1 CN-ym, 1 MCI, 6 ADD), 
7) Clock Drawing Test; CLOX1 (1 CN-old, 1 MCI, 2 ADD), CLOX 2 (1 CN old, 1 ADD), 8) Trail Making Test; Trails A (3 CN-old, 4 MCI, 18 
ADD), Trails B (3 CN-ym, 111 CN-old, 105 MCI, 75 ADD), and 9) KART (11 CN-ym, 11 CN-old, 19 MCI, 21 ADD). CN-ym: Cognitively 
normal young and middle-aged adults, CN-old: Cognitively normal old-aged adults, MCI: Mild Cognitive Impairment, ADD: Alzheimer’s 
disease dementia, MMSE-KC: Mini-Mental State Examination in the Korean version of Consortium to Establish a Registry for Alzheimer’s 
Disease, WMS-IV-K: Wechsler Memory Scale-Fourth edition Korean version, RCFT: Rey Complex Figure Test, WAIS-IV-K: Wechsler Adult 
Intelligence Scale-Fourth edition Korean version, KART: Korean Adult Reading Test
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Additionally, more than 270 participants underwent objective 
sleep-circadian rhythm measurements using actigraph mon-
itoring at baseline. To the best of our knowledge, this is the larg-
est prospective cohort study to measure both Aβ and neurode-
generation biomarkers, and to comprehensively evaluate various 
lifetime experiences and bodily status-related variables in well-
characterized CN, MCI, and ADD individuals in an Asian 
(Korean) population. 

Although KBASE recruited ADD participants with very 
mild to mild stage (CDR 0.5 and 1), the ADD group showed the 
most severe cognitive and functional impairments among all 
groups, consistent with previous reports.60,61 Additionally, we 
could confirm the previously known demographic risk factors 
of AD in this cohort such as older age, gender (i.e., female), 
low education, and family history of AD and the APOE e4 al-
lele.1,3 About 60% of ADD group had at least one or more APOE 
e4 allele, which was the highest among all groups and consis-
tent with previous reports.62

For the MCI group in the KBASE cohort, only amnestic 
MCI subjects who met the core clinical criteria for MCI, rec-
ommended by NIA-AA,28 were included to maximize the pro-
portion of MCI with positive Aβ biomarkers, given the lower 
probability of having AD pathology in non-amnestic MCI ver-
sus amnestic MCI.63 As expected, most of baseline CDR scores 
and neuropsychological characteristics of MCI individuals 
had intermediate values between CN and ADD, consistent 
with previous studies.60,61 Additionally, individuals in the MCI 
group were significantly older than the CN-old group, more 
likely to be female, and their educational level was lower than 
the CN groups, indicating that the MCI group in the KBASE 

cohort well captured previously reported risk factors for AD.1,3 

The KBASE cohort purposefully recruited a large number 
of CN subjects to obtain normative information on various 
measurements to improve the clinical utility of the biomark-
ers and the interpretation of results at the individual level. Thus, 
the proportion of CN subjects was the largest in the KBASE 
cohort. Additionally, we included young and middle-aged 
CN as well as old-aged CN subjects in order to distinguish the 
influences of normal and pathological brain aging. When we 
compared the two CN groups, the educational level of the CN-
old individuals was lower than that of the CN-ym subjects, 
with a large variance. This result is consistent with a previous 
report of elderly Korean populations,29 which might be relat-
ed to a birth cohort effect because the educational attainment 
of the Korean people generally has improved dramatically 
over the past several decades.64,65 Thus, the differences in ed-
ucational level should be considered in the accurate interpre-
tation of neuropsychological tests. Additionally, the data from 
the KBASE cohort can be used to investigate whether dis-
crepancies in educational levels, sociocultural environments, 
or race/ethnicity differentially contribute to AD processes and 
to validate the findings from similar large-scale, neuroimag-
ing based-cohorts such as the Alzheimer’s Disease Neuroim-
aging Initiative (ADNI)60 and the Australian Imaging, Bio-
markers & Lifestyle Flagship Study of Ageing (AIBL),61 which 
were mostly composed of highly educated Caucasians. 

This study has several strengths. First, in contrast to multi-
center studies like ADNI, all baseline neuroimaging and blood 
laboratory tests were conducted at a single center in a univer-
sity hospital in South Korea (SNUH), which contributes sig-

Table 4. Medical comorbidities, blood pressure, and anthropometric measurements

CN-ym CN-old MCI ADD p
Hypertension 4 (5.4) 136 (46.7) 74 (53.2) 39 (44.8) <0.001
Diabetes mellitus 3 (4.1) 48 (16.5) 26 (18.7) 14 (16.1) 0.027
Coronary heart disease 0 (0) 16 (5.5) 5 (3.6) 5 (5.7) 0.098
Hyperlipidemia 1 (1.4) 99 (34.0) 51 (36.7) 29 (33.3) <0.001
Stroke 0 (0) 0 (0) 0 (0) 0 (0) -
TIA 0 (0) 2 (0.7) 1 (0.7) 0 (0) 0.770
VRS 1.8 (5.9) 17.2 (16.1) 18.8 (16.8) 16.7 (16.5) <0.001
SBP-supine, mm Hg* 114.5 (16.7) 124.6 (16.5) 128.1 (17.5) 124.9 (17.7) <0.001
DBP-supine, mm Hg* 71.8 (12.7) 76.5 (11.1) 76.4 (10.5) 76.3 (12.5) 0.015
Height, cm 166.6 (8.1) 160.1 (8.8) 155.9 (8.1) 155.6 (8.7) <0.001
Weight, kg 67.1 (14.0) 62.2 (9.9) 60.0 (9.2) 58.1 (10.0) <0.001
BMI, kg/m2 24.0 (3.9) 24.2 (3.0) 24.7 (3.1) 24.0 (3.7) 0.378
Waist circumference, cm* 84.5 (9.1) 86.5 (7.5) 87.1 (8.0) 85.5 (7.6) 0.105
Data are shown as N (%). *data for 1 CN-old subject was unavailable. CN-ym: Cognitively normal young and middle-aged adults, CN-old: 
Cognitively normal old-aged adults, MCI: Mild Cognitive Impairment, ADD: Alzheimer’s disease dementia, TIA: transient ischemic attack, 
VRS: vascular risk factor score, SBP: systolic blood pressure, DBP: diastolic blood pressure, BMI: body mass index



MS Byun et al. 

   www.psychiatryinvestigation.org  861

nificantly to reducing inter-center variability as well as cost and 
effort in study management. Second, a simultaneous PET-
MR machine was used for the acquisition of various kinds of 
multi-modal imaging, which is another methodological 
strength that contributes to the accuracy of image co-regis-
tration in technical aspects and to improved convenience for 
the participants by reducing scanning time and reducing ex-
posure to radiation.

Furthermore, one of characteristics of the KBASE cohort 
that is distinct from other large-size neuroimaging based co-
horts (e.g., ADNI or AIBL) is that we recruited CN individu-
als with a wide age range, young adulthood to late life (from 
20 to 90 years old). A cross-sectional analysis between CN-
ym and CN-old groups, and longitudinal follow-up of CN in-
dividuals will enable us to investigate the nature of both nor-
mal and pathological brain aging at the beginning and to 
discover novel protective or risk factors in certain windows 
of life that contribute to the development of AD pathologies. 
Additionally, because we did not selectively include partici-
pants with the APOE ε4 carrier or positive FH of AD, gener-
alizability of the findings from this cohort will be less com-
promised than the other cohort studies that selectively recruited 
at-risk populations of AD for amyloid imaging.63,66

There are some potential limitations. First, the number of 
participants in certain age groups (e.g., 80–90 years) is still 
limited, which might reduce statistical power when compar-
ing the oldest-old CN individuals with other groups or con-
ducting an analysis within the age group. Second, although 
most of the CN volunteers were recruited from a community 
setting, these volunteers were not random and might have 
been more motivated and interested in their health and, there-
fore, likely to be physically healthier than the general population. 

At present, cross-sectional analyses of the baseline data are 
ongoing and will be presented with more details in specialized 
papers. Briefly, the association of Aβ and neuronal injury 
biomarkers of AD with numerous variables from the compre-
hensive clinical and neuropsychological assessments, person-
ality and lifetime experiences, and blood laboratory tests are 
under analysis and being prepared for manuscripts. Pro-
teomic, biochemical and genetic analyses using blood and 
DNA specimen are also ongoing. Additionally, external valid-
ity of candidate biomarkers will be tested by using the data and 
samples collected from an independent cohort that is estab-
lished for validation of candidate biomarkers discovered in 
the KBASE cohort.

Currently, participants in the KBASE cohort are followed 
annually with clinical and neuropsychological assessments, 
and biannually with full KBASE assessments, including neu-
roimaging and blood laboratory tests (Supplementary Table 
1, Supplementary Materials 1 in the online-only Data Sup-

plement). Furthermore, among participants who completed 
baseline assessments, tau PET using 18F-AV-1451 tracers will 
be added to the biannual assessment protocol for 210 individu-
als. Additional multidisciplinary research to investigate the as-
sociations of in vivo AD pathologies with retinal changes, 
hearing difficulties, metabolic signatures in hair samples, and 
sleep parameters of polysomnography are also ongoing col-
laboratively between intra- and extramural research teams. 
Further analyses of longitudinal follow-up data from the 
KBASE will contribute to the development of predictive bio-
markers related to AD-specific brain changes in the future 
and to the identification of causal relationships between life-
time experiences or bodily changes and the development of 
AD pathologies.

Supplementary Materials
The online-only Data Supplement is available with this arti-

cle at https://doi.org/10.4306/pi.2017.14.6.851.
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