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Abstract

Objective:Neuropsychologists have difficulty detecting cognitive decline in high-functioning older adults because greater neurological change
must occur before cognitive performances are low enough to indicate decline or impairment. For high-functioning older adults, early
neurological changes may correspond with subjective cognitive concerns and an absence of high scores. This study compared high-
functioning older adults with and without subjective cognitive concerns, hypothesizing those with cognitive concerns would have fewer high
scores on neuropsychological testing and lower frontoparietal network volume, thickness, and connectivity. Method: Participants had high
estimated premorbid functioning (e.g., estimated intelligence ≥75th percentile or college-educated) and were divided based on subjective
cognitive concerns. Participants with cognitive concerns (n= 35; 74.0 ± 9.6 years old, 62.9% female, 94.3% White) and without cognitive
concerns (n= 33; 71.2 ± 7.1 years old, 75.8% female, 100%White) completed a neuropsychological battery of memory and executive function
tests and underwent structural and resting-state magnetic resonance imaging, calculating frontoparietal network volume, thickness, and
connectivity. Results: Participants with and without cognitive concerns had comparable numbers of low test scores (≤16th percentile),
p= .103, d= .40. Participants with cognitive concerns had fewer high scores (≥75th percentile), p= .004, d= .71, and lower mean
frontoparietal network volumes (left: p= .004, d= .74; right: p= .011, d= .66) and cortical thickness (left: p= .010, d= .66; right: p= .033,
d= .54), but did not differ in network connectivity. Conclusions: Among high-functioning older adults, subjective cognitive decline may
correspond with an absence of high scores on neuropsychological testing and underlying changes in the frontoparietal network that would not
be detected by a traditional focus on low cognitive test scores.
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Introduction

Neuropsychologists often have difficulty detecting cognitive
decline in older adults with high premorbid cognitive functioning
because more neurological change must occur before cognitive test
scores meet conventional criteria for defining mild or major
cognitive impairment (Albert et al., 2011; American Psychiatric
Association, 2013; Petersen et al., 1999). Current assessment
methods and approaches to test interpretation are inherently
limited in detecting potential cognitive decline in high-functioning
examinees. Low scores have long been the standard for defining
cognitive impairment in neuropsychological practice (Dubois
et al., 2007; Heaton et al., 1991; Heaton et al., 2004; Petersen et al.,

1999; Reitan & Wolfson, 1993), but in high-functioning older
adults, decline from a high average or superior premorbid ability
level may be present without any low scores on cognitive testing. In
a longitudinal cohort of 204 high-functioning older adults, even
average scores were predictive of dementia at a follow-up
evaluation (Tuokko et al., 2003). In high-functioning individuals
undergoing neuropsychological assessments, the absence of high
scores, as opposed to the presence of low scores, may indicate
cognitive decline and could correspond with an underlying disease
process.

Prior research has extensively examined the normal frequency
of an examinee obtaining one or more low test scores when
administered a battery of neuropsychological tests, both across
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domains (Binder et al., 2009; Brooks et al., 2013; Brooks et al., 2009;
Mistridis et al., 2015) and within specific domains, such as memory
(Brooks et al., 2008; Brooks et al., 2007) and executive functions
(Karr et al., 2017, 2018). Additional research has examined the
other side of the bell curve, demonstrating that high scores are also
commonly obtained by healthy examinees completing neuro-
psychological test batteries (Karr et al., 2020; Karr et al., 2022a;
Karr & Iverson, 2020). For example, roughly half of adults (i.e.,
48.9%) in the normative sample for the NIH Toolbox Cognition
Battery (NIHTB-CB) obtained one or more scores ≥84th
percentile (Karr & Iverson, 2020). Not surprisingly, individuals
with higher estimated intelligence tend to obtain fewer low scores
and more high scores (Iverson & Karr, 2021), meaning a very low
base rate of high-functioning adults with no high scores on
neuropsychological testing. For example, just 4.8% of healthy
adults with high average intelligence obtained no test scores ≥75th
percentile when interpreting seven scores from three tests on the
Delis–Kaplan Executive Function System (D-KEFS) (Karr et al.,
2020). As such, it would be clinically informative to assess whether
fewer high scores on cognitive testing is associated with subjective
cognitive concerns and underlying neurological differences.

Participants with subjective cognitive concerns present with
subtly lower performances on cognitive testing (Burmester et al.,
2016), and some of the largest cognitive effects of preclinical
Alzheimer’s disease occur within the domains of episodic memory
and executive functions (Bäckman et al., 2005). The frontoparietal
control network (FPCN) (Yeo et al., 2011) is involved in aspects of
executive functions and memory (Badre & D’Esposito, 2007;
Cabeza et al., 2008; Spreng et al., 2010; Vincent et al., 2008), and
structural changes in frontal and parietal regions have been
consistently observed in subjective cognitive decline (Rivas-
Fernández et al., 2023). FPCN connectivity has predicted
longitudinal changes in global cognition among healthy older
adults (Buckley et al., 2017) and FPCN volume mediates the
relationship between age and executive functions in healthy adults
(Yao et al., 2020). Participants with and without subjective
cognitive concerns may present with differences in FPCN volume
and connectivity, potentially indicating underlying neurological
changes that could lead to mild cognitive impairment or dementia.

For high-functioning older adults, subjective cognitive con-
cerns may indicate decline that is not detected by the presence of
low scores but may be related to the absence of high scores and the
presence of latent neurological changes. The current study
examined whether subjective cognitive concerns were associated
with (a) the number of low and high scores on neuropsychological
tests of memory and executive functions, and (b) the regional
volume, cortical thickness, and connectivity of the FPCN. We
hypothesized that high-functioning older adults with subjective
cognitive concerns would have fewer high scores than those
without subjective cognitive concerns, but a comparable number of
low scores. These findings would indicate that objective decline has
occurred but would not be detected by a traditional focus on low
scores. We also hypothesized that subjective cognitive concerns
would be associated with lower FPCN volume, thickness, and
connectivity, indicating latent neurological change underlying
subjective cognitive concerns.

Method

Participants

Participants were derived from an imaging sub-study of a
longitudinal cohort study on self-regulation, brain, and cognitive

health in older adults (D. R. Evans & Segerstrom, 2015; Geiger
et al., 2019; Scott et al., 2019; Segerstrom et al., 2022). To be eligible,
participants had to be 60 years or older and nonsmokers. They
were excluded if they had autoimmune diseases; were taking
opiates, corticosteroids, cytotoxic drugs, TNF blockers, or
medications for dementia; received chemotherapy or radiation
in the past 5 years or general anesthesia in the past 3 months; or
were taking more than two of the following medication: α or β
blockers or ACE inhibitors, hormone replacement, thyroid
supplement, and antidepressant, anxiolytic, or hypnotic drugs.
Overall, participants included in the study were healthy older
adults. Apolipoprotein E genotype was not available for individual
participants. This study was approved by the Institutional Review
Board at the University of Kentucky and completed in accordance
with the Helsinki Declaration.

Among 80 participants who underwent magnetic resonance
imaging (MRI), participants were selected if they were estimated to
have high premorbid functioning, operationally defined as either
(a) scoring≥75th percentile on the North American Adult Reading
Test (NAART) (Blair & Spreen, 1989; Uttl, 2002) estimated full
scale intelligence quotient (FSIQ) (n= 60) or (b) having completed
a postsecondary degree (n= 62). There was a strong correspon-
dence between these variables. Most participants scoring ≥75th
percentile on the NAART had a college degree (n= 54, 90.0%) and
most participants with a college degree scored ≥75th percentile on
the NAART (n= 54, 87.1%). This resulted in a sample of 68
participants, who were further subdivided based on the presence or
absence of subjective cognitive concerns, defined per self-report on
the Medical Outcomes Study Cognitive Functioning Scale (MOS-
Cog, with exact methodology described below). The demographic
characteristics of the total sample and participants with subjective
cognitive concerns (n= 35) and without subjective cognitive
concerns (n= 33) are presented in Table 1. There were no
significant differences between groups in terms of age, sex, race,
education, household income, or NAART estimated FSIQ. The
participants, by design, differed significantly on subjective
cognitive concerns.

Measures

Subjective cognitive concerns
Participants completed the MOS-Cog (Stewart et al., 1992), a six-
item questionnaire asking about past-month difficulty with general
cognitive functions in everyday life (e.g., concentration, memory,
problem solving). Participants responded to each item on a six-
point scale, ranging from all of the time (1) to none of the time (6).
The items were converted to 0–100 scale (i.e., 1= 0, 2= 20, 3= 40,
4= 60, 5= 80, and 6= 100) and averaged to arrive at a total score
for the MOS-Cog (range: 0–100), with a higher score indicating
fewer cognitive concerns. Participants were categorized as having
or not having subjective cognitive concerns based on responses to
MOS-Cog items. If participants endorsed one or more MOS-Cog
items as some of the time (4), a good bit of the time (3), most of the
time (2), or all of the time (1), they were categorized as having
subjective cognitive concerns; and those who responded a little of
the time (5) or none of the time (6) to all items were categorized as
not having subjective cognitive concerns.

Neuropsychological tests
Participants completed the NAART (Blair & Spreen, 1989; Uttl,
2002), which is a word reading test used to estimate FSIQ; the Rey
Auditory Verbal Learning Test (RAVLT) (Strauss et al., 2006), with
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total learning for Trials 1–5 and delayed recall included as scores
in the base rates analysis; the Trail Making Test (TMT) Parts A
and B (Bowie & Harvey, 2006; Reitan, 1958), with time-to-
completion for each part included as scores in the base rates
analysis; the Controlled Oral Word Association Test (COWAT)
(Benton et al., 1994), with the number of words produced across
three trials included as scores in the base rates analysis; and the
Digit Span (DS) and Letter-Number Sequencing (LNS) subtests
from the Wechsler Adult Intelligence Scale, Fourth edition
(WAIS-IV) (Wechsler, 2008), with the total scores for these
subtests included in the base rates analysis. Age-adjusted scaled
scores were derived using Mayo’s Older Americans Normative
Studies (MOANS) norms for the RAVLT (Steinberg et al., 2005),
TMT Parts A and B (Steinberg et al., 2005), and COWAT
(Steinberg et al., 2005) and using WAIS-IV norms for the DS and
LNS (Wechsler, 2008). For all test scores, a score at or above the
75th percentile was considered a high score based on uniform
labeling standards for performance test scores (Guilmette et al.,
2020); and a score at or below the 16th percentile was considered a
low score, based on recommended criteria for cognitive impair-
ment (American Psychiatric Association, 2013).

Physical and mental health
Participants had heart rate, blood pressure, and Body Mass Index
(BMI) measured. Participants completed the Geriatric Depression
Scale (GDS), which is a 30-item questionnaire on past-week
depression symptomatology (Yesavage et al., 1982). A higher scores
indicates more severe depression and scores>10 indicate depression
in older adults (Brink et al., 1982). Participants also completed a
10-item version of the Perceived Stress Scale (S. Cohen et al., 1983),
which measures degrees of life stress in the past month. A higher
score indicates a greater degree of life stress.

Imaging data acquisition

Participants were scanned using a 3-T Siemens TIM Trio scanner
using an 8-channel array head coil between July 2015 and
September 2017. A 3-T Siemens PRISMA scanner with a
20-channel array head coil was used between July 2018 and
May 2019, with 38 of 64 participants scanned with the upgraded
scanner. Structural and functional images were collected, on
average, about two months after neuropsychological tests were
completed (M= 60.0 days, SD = 45.8; Mdn= 46, range: 4–244).
High-resolution T1-weighted images were collected using a
magnetization-prepared rapid gradient-echo (MPRAGE)
sequence (TR= 2530 ms; TE= 2.26 ms; FA= 7 degrees; resolu-
tion= 1 mm isotropic). Functional images were collected using a
T2*-weighted gradient-echo planar sequence (34 interleaved
slices, TR= 2000 ms, TE= 27 ms, FA= 70∘, FOV = 224 mm2,
matrix = 64×64, isotropic resolution= 3.5 mm).

Anatomical data preprocessing

The T1-weighted (T1w) image was corrected for intensity
nonuniformity (INU) with N4BiasFieldCorrection (Tustison et al.,
2010), distributed with Advanced Normalization Tools (ANTs) 2.2.0
(RRID:SCR_004757) (Avants et al., 2011; Tustison et al., 2021) and
used as T1w reference. The T1w reference was skull-stripped with a
Nipype implementation of the antsBrainExtraction.sh workflow
from ANTs, using OASIS30ANTs as target template. Brain tissue
segmentation of cerebrospinal fluid, white matter, and gray matter
was performed on the brain-extracted T1w using fast (FSL 5.0.9,
RRID:SCR_002823) (Zhang et al., 2001). Brain surfaces wereTa
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reconstructed using recon-all (FreeSurfer 6.0.1, RRID:SCR_001847)
(Dale et al., 1999), and the brain mask estimated previously was
refined with a custom variation of the method to reconcile ANTs-
derived and FreeSurfer-derived segmentations of the cortical gray
matter of Mindboggle (RRID:SCR_002438) (Klein et al., 2017).
Volume-based spatial normalization to one standard space
(MNI152NLin6Asym) was performed through nonlinear registration
with antsRegistration (ANTs 2.2.0), using brain-extracted versions of
both T1w reference and the T1w template. The following template
was selected for spatial normalization: FSL\u2019s MNI ICBM 152
nonlinear 6th Generation Asymmetric Average Brain Stereotaxic
Registration Model (RRID:SCR_002823; TemplateFlow ID:
MNI152NLin6Asym) (A. C. Evans et al., 2012).

Resting-state preprocessing

Functional data were preprocessed using fMRIPrep 1.5.3 (Esteban,
Markiewicz, et al., (2018); Esteban, Blair, et al., (2018); RRID:
SCR_016216) (Esteban et al., 2019, 2020) based on Nipype 1.3.1
(RRID:SCR_002502) (Gorgolewski et al., 2011). A reference
volume and its skull-stripped version were generated using a
custom fMRIPrep methodology. Susceptibility distortion correc-
tion (SDC) was omitted. The BOLD reference was then
co-registered to the T1w reference using bbregister (FreeSurfer)
which implements boundary-based registration (Greve & Fischl,
2009). Co-registration was configured with six degrees of freedom.
Head motion parameters with respect to the BOLD reference
(transformation matrices, and six corresponding rotation and
translation parameters) are estimated before any spatiotemporal
filtering using mcflirt (FSL 5.0.9) (Jenkinson et al., 2002). The
BOLD time series were resampled to surfaces in FreeSurfer
(fsaverage5) space. The BOLD time series (including slice-timing
correction when applied) were resampled onto their native space
by applying the transforms to correct for head motion. These
resampled BOLD time series are referred to as preprocessed BOLD.

The BOLD time series were resampled into standard space,
generating a preprocessed BOLD run in MNI-152 space. A
reference volume and its skull-stripped version were generated
using a custom fMRIPrep methodology. Automatic removal of
motion artifacts using ICA-AROMA (Pruim et al., 2015) was

performed on the preprocessed BOLD on MNI space time series
after removal of non-steady state volumes and spatial smoothing
with an isotropic, Gaussian kernel of 6 mm FWHM.
Corresponding non-aggressively denoised runs were produced
after such smoothing. Additionally, the aggressive noise regressors
were collected and placed in the corresponding confounds file.
Several confounding time series were calculated based on the
preprocessed BOLD: FD, DVARS, and three region-wise global
signals. FD and DVARS are calculated for each functional run,
both using their implementations in Nipype (Power et al., 2014).
The three global signals are extracted within the cerebrospinal
fluid, white matter, and whole-brain masks. Gridded resamplings
were performed using ANTs, configured with Lanczos interpo-
lation to minimize the smoothing effects of other kernels (Lanczos,
1964). Non-gridded resamplings were performed using mri_vol2-
surf (FreeSurfer).

Resting-state time-series parcellation and analysis

The resulting images from ICA-AROMA run via fMRIPrep were
further corrected by regressing out global signals cerebrospinal
fluid and white matter, as well as a linear trend using fsl_regfilt.
Subsequently, the data was also bandpass filtered between 0.01 and
0.1 Hz (Ciric et al., 2017). To construct resting-state connectivity
matrices, the 7Network 400 parcel variant was used (Schaefer et al.,
2018), derived from a well-known atlas of resting networks (Yeo
et al., 2011). The MNI registered atlas was used as a mask from
which to extract time series from each of the 400 individual
regions. All time series were correlated with one another to
construct the final matrix. Time-series correlations for regions
falling within the FPCN (presented in Figure 1) were averaged to
generate a single value representing the connectivity between all
regions in the network.

Anatomical parcellation & analysis

The anatomical scans for all participants were preprocessed using
FreeSurfer. Using these transformations and the Schaefer atlas
registrations in FreeSurfer space, the atlas was back projected onto
the MPRAGE. Cortical thickness and volume were extracted using
the FPCN as a single region of interest.

Figure 1. Frontoparietal control network parcellation used in the current study.
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Statistical analyses

There was a minimal missing cognitive test data (i.e., 1.5–4.4%
missingness per variable), with a nonsignificant Little’s test (Little,
1988), χ2(31)= 22.07, p= .881. Missing neuropsychological test
data were imputed using an estimation–maximization method
(Enders, 2010), because complete testing data was required in
order to calculate the counts of low and high test scores for the full
battery. Seven norm-referenced scaled scores (M= 10, SD= 3)
were derived from the RAVLT, TMT Parts A and B, COWAT, and
WAIS-IVDS and LNS subtests. The individual neuropsychological
test scores, number of low scores (i.e., ≤16th percentile), the
number of high scores (i.e., ≥75th percentile), and the three
neuroimaging parameters (i.e., bilateral FPCN volume adjusted for
intracranial volume, cortical thickness, and connectivity) were
compared between participants with and without subjective
cognitive concerns using t tests, with Cohen’s d reported as a
corresponding effect size (Cohen, 1988). The continuous MOS-
Cog was also correlated with the count of low and high scores and
the neuroimaging parameters in the full sample. Sensitivity
analysis (Erdfelder et al., 2009) indicated that the sample had
sufficient power (1− β≤ .80) to detect a roughly large group
difference (d≥ .70) and a medium correlation (r≥ .33).

Post hoc analyses included (a) an examination of differences in
regional volume, thickness, and connectivity of the default mode
network (DMN) to determine the specificity of group differences
in the FPCN; (b) an evaluation of covariates (i.e., age, sex, physical
and mental health variables) with low and high score counts and
neuroimaging variables and analyses of covariance controlling for
variables related to dependent variables of interest; (c) a
comparison of FPCN volume, thickness, and connectivity by
scanner upgrade (i.e., 8-channel versus 20-channel); and (d) a
comparison of groups on alternative metrics for aggregating
neuropsychological test performances, including an intraindivid-
ual standard deviation (ISD) as an estimate of intraindividual
variability in test performances and the frequency of below average
test performances (i.e., <50th percentile).

Results

Cognitive test performances

Participants with and without subjective cognitive concerns were
compared on individual neuropsychological test performances
(Table 2). Participants with subjective cognitive concerns performed
significantly lower on only the COWAT and TMT Part A. A small
portion of participants obtained one or more low neuropsychological
test scores (i.e., 17.6%) and very few obtained two or more low scores
(i.e., 4.4%). Participants without subjective cognitive concerns
obtained a similar number of low scores as participants with
subjective cognitive concerns (Table 3). Nearly all participants
obtained one or more high neuropsychological test scores
(i.e., 94.1%), with more than half obtaining four or more high scores
(i.e., 58.8%). Participants without subjective cognitive concerns
obtained a significantly greater number of high scores compared to
participantswith subjective cognitive concerns (Table 3).When using
the MOS-Cog as a continuous variable, there were no significant
associations between subjective cognitive concerns and the number of
low scores, r=−.04, p= .720, or high scores, r= .19, p= .123.

Neuroimaging

Participants were compared on FPCN regional volume, cortical
thickness, and connectivity (Table 4). Participants with subjective

cognitive concerns had bilateral lower mean volume and cortical
thickness of the FPCN, but did not differ from those without
subjective cognitive concerns in network connectivity. None of the
neuroimaging variables significantly correlated with the number of
high or low scores. Larger FPCN volume significantly correlated
with fewer cognitive concerns for the full sample (left: r= .32,
p= .009; right: r= .35, p= .005). Higher thickness corresponded
with fewer cognitive concerns, although the correlations were not
statistically significant (left: r= .24, p= .054; right: r= .21,
p= .092). Connectivity did not correlate with cognitive concerns
(r=−.07, p= .583).

Post hoc analyses

DMN comparisons
To examine the specificity of FPCN differences, participants with
and without subjective cognitive concerns were compared on
cortical thickness, regional volume, and connectivity of the DMN
(Table 4). There were no significant group differences on any
neuroimaging variables, albeit right regional volume and bilateral
cortical thickness were associated with approximately medium
effect sizes (d range: .47–.49) that approached significance (p range:
.055–.060).

Examination of covariates
Age was unrelated to the number of low scores, r=−.08, p= .540,
and the number of high scores, r= .01, p= .964; and sex was
unrelated to the number of low scores, t= .21, p= .832, d= .06
[95% Confidence Interval: −.46, .57], and the number of high
scores, t= .97, p= .334, d= .26 [−.26, .77]. Age was related to
bilateral FPCN cortical thickness (left: r=−.30, p= .015; right:
r=−.30, p= .016) and volume (left: r=−.38, p= .002; right:
r=−.41, p< .001), but not connectivity (r=−.03, p= .835). Sex
was related to only left FPCN volume, t= 2.24, p= .029, d= .61
[.06, 1.16], with female participants having higher volume than
male participants; but there were no group differences in cortical
thickness (left: t= 1.09, p= .281, d= .30 [−.24, .84]; right: t= .63,
p= .532, d = .17 [−.37, .71]), right volume (t= 1.54, p= .128,
d= .42 [−.12, .96]), or connectivity (t= 1.58, p= .119, d= .43
[−.11, .97]).

Participants with and without subjective cognitive concerns
were compared on physical and mental health variables (Table 5).
Participants with and without subjective cognitive concerns did
not differ in terms of BMI, heart rate, systolic or diastolic blood
pressure, or depression. Based on GDS cutoff (i.e., >10), 25% of
participants without subjective cognitive concerns and 37.5% of
participant with subjective cognitive concerns reported at least
mild depression. The groups differed on the PSS, associated with a
medium-to-large effect size (d= .71). As a continuous variable, the
MOS-Cog was significantly correlated with the PSS (r=−.30,
p= .015), but not the GDS (r=−.10, p= .435). These variables
were also examined as correlates of low and high score frequencies
and FPCN neuroimaging variables. Higher depression scores
correlated with fewer high neuropsychological test scores, r=−.34,
p= .007, and more low scores, r= .27, p= .029, but no other
physical or mental health variables significantly correlated with
high or low score counts. Perceived stress and depression were not
correlated with any FPCN neuroimaging variables. Greater BMI
correlated with increased resting-state FPCN connectivity, r= .29,
p= .021, and reduced FPCN volume in both hemispheres (i.e., left:
r=−.30, p= .016; right: r=−.29, p= .019). The only other
significant correlation indicated higher diastolic blood pressure
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Table 2. Mean performances on individual neuropsychological tests

Total sample (n= 68)

Participants with
subjective cognitive
concerns (n= 35)

Participants without
subjective cognitive
concerns (n = 33)

t p d [95% CI]M SD Range M SD Range M SD Range

RAVLT Trials 1-5 11.6 2.9 5–18 11.2 2.7 6–18 11.9 3.0 5–18 1.07 .289 .26 [−.22, .74]
RAVLT Delayed Recall 12.6 3.0 6–18 12.3 3.4 6–18 13.0 2.4 9–18 .98 .331 .24 [−.24, .71]
COWAT 12.3 2.3 6–18 11.7 2.5 6–18 12.9 2.1 8–16 2.15 .035 .52 [.04, 1.00]
WAIS-IV Digit Span 11.8 2.1 6–16 11.4 2.3 6–16 12.1 2.0 8–16 1.28 .204 .31 [−.17, .79]
WAIS-IV LNS 11.0 2.9 6–19 10.6 2.6 6–18 11.5 3.1 8–19 1.41 .163 .34 [−.14, .82]
TMT Part A 11.9 3.2 2–18 11.1 3.1 2–18 12.7 3.1 6–18 2.15 .036 .52 [.04, 1.00]
TMT Part B 12.3 2.7 5–18 11.8 3.0 5–17 12.9 2.3 7–18 1.80 .077 .44 [−.05, .91]

Note. All scores reflect scaled scores (M= 10, SD= 3). CI = Confidence Interval; COWAT= Controlled Oral Word Association Test; LNS= Letter-Number Sequencing; RAVLT= Rey Auditory Verbal
Learning Test; WAIS-IV=Wechsler Adult Intelligence Scale, Fourth edition; TMT= Trail Making Test.

Table 3. Comparison of high-functioning participants with and without subjective cognitive concerns on number of low and high scores on neuropsychological
testing

Participants with subjective
cognitive concerns (n= 35)

Participants without
subjective cognitive
concerns (n= 33)

t p d [95% CI]M (SD) Mdn (range) M (SD) Mdn (range)

Low score count (≤16th percentile) 0.4 (0.7) 0 (0–3) 0.2 (0.5) 0 (0–2) 1.66 .103 .40 [−.09, .88]
Low score count (<50th percentile) 1.8 (1.5) 2 (0–6) 0.8 (0.8) 1 (0–3) 3.48 <.001 .84 [.34, 1.32]
High score count (≥75th percentile) 3.1 (2.0) 3 (0–7) 4.4 (1.5) 5 (2–7) 2.95 .004 .71 [.22, 1.20]

Note. CI= Confidence Interval.

Table 4. Comparison of high-functioning participants with and without subjective cognitive concerns on volume, thickness, and connectivity of the frontoparietal
control and default mode networks

Network Variable Hemisphere

Participants with subjective cognitive
concerns (n= 32)

Participants without subjective
cognitive concerns (n= 32)

t p d [95% CI]M (SD) M (SD)

Frontoparietal Regional volume Left .0088 (.0009) .0094 (.0008) 2.98 .004 .74 [.23, 1.25]
Right .0073 (.0007) .0078 (.0006) 2.63 .011 .66 [.15, 1.16]

Cortical thickness Left 2.292 (.102) 2.364 (.115) 2.65 .010 .66 [.16, 1.16]
Right 2.298 (.088) 2.343 (.078) 2.18 .033 .54 [.04, 1.04]

Connectivity – .3768 (.1813) .3356 (.1843) −.90 .371 −.23 [−.72, .26]
Default mode Regional volume Left .0128 (.00107) .0132 (.00097) 1.46 .149 .36 [−.13, .85]

Right .0135 (.00105) .0140 (.00108) 1.91 .060 .48 [−.02, .98]
Cortical thickness Left 2.427 (.122) 2.485 (.122) 1.90 .063 .47 [−.03, .97]

Right 2.453 (.109) 2.504 (.100) 1.96 .055 .49 [−.01, .98]
Connectivity – .4401 (.1780) .3976 (.1733) −.96 .337 −.24 [−.73, .25]

Note. CI= Confidence Interval; n= 32 per group due to three participantswith subjective cognitive concernsmissing. For regional volumes, unitsweremm3, standardized by intracranial volume;
for cortical thickness, units were mm; and for stationary connectivity, units were mean r value.

Table 5. Comparison of high-functioning participants with and without subjective cognitive concerns on physical and mental health variables

Domain Variable

Participants with subjective cognitive
concerns (n= 32)

Participants without subjective cognitive
concerns (n = 32)

t p d [95% CI]M (SD) M (SD)

Physical health Body mass index 26.6 (5.9) 25.7 (3.5) .72 .476 .18 [.31, .67]
Heart rate 65.1 (9.9) 66.5 (9.3) .57 .574 .15 [−.36, .64]
Systolic blood pressure 135.8 (19.6) 128.7 (21.1) .49 .623 .35 [−.16, .85]
Diastolic blood pressure 75.7 (7.1) 76.7 (9.2) 1.37 .177 .13 [−.37, .62]

Mental health Perceived stress scale 19.4 (3.4) 17.3 (2.1) 2.84 .003 .71 [.20, 1.21]
Geriatric depression scale 8.2 (4.1) 6.6 (4.8) 1.43 .157 .36 [−.14, .85]

Note. CI= Confidence Interval; n = 32 per group due to three participants with subjective cognitive concernsmissing; For the Perceived Stress Scale and Geriatric Depression Scale, Levene’s test
of equality of variance was significant (p< .05) and equal variance was not assumed.
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was associated with greater FPCN cortical thickness in the right
hemisphere, r= .31, p= .014.

Per these analyses, a series of analyses of covariance were
conducted controlling for covariates that were related to either
subjective cognitive concerns or the dependent variable of
interest. Controlling for PSS and GDS, participants with and
without subjective cognitive concerns significantly differed in
their number of high scores, F = 6.75, p = .012, ηp2 = .10, but not
number of low scores, F = 2.26, p = .138, ηp2 = .04. Controlling
for age, sex, and BMI, the groups differed in FPCN volume in the
left hemisphere, F = 4.70, p = .034, ηp2 = .07, but not the right
hemisphere, F = 3.37, p = .072, ηp2 = .05. Controlling for age and
systolic and diastolic blood pressure, participants differed in
FPCN cortical thickness in the left hemisphere, F = 4.41,
p = .040, ηp2 = .07, but not the right hemisphere, F = 3.57,
p = .064, ηp2 = .06. Controlling for BMI, groups did not differ
in FPCN connectivity, F = .52, p = .474, ηp2 = .01.

Scanner upgrade
The scanner array head coil was upgraded from 8-channel to
20-channel during data collection. Post hoc analyses examined
differences based on scanner. The groups were compared on FPCN
variables, including volume (left: t= .30, p= .769; right: t= 1.26,
p= .211), thickness (left: t= .35, p= .732; right: t= .06, p= .952),
and connectivity (t= 1.50, p= .140), collectively indicating no
group differences related to the scanner upgrade.

Alternative methods of neuropsychological test interpretation
To examine whether differences in high and low scores were
attributable to differences in performance variability across
neuropsychological tests, participants were compared on their
ISD. The mean ISD for participants with subjective cognitive
concerns were essentially identical (M= 2.4, SD= 0.7 for both
groups) and did not significantly differ, t= .11, p= .913, d= .03
[−.45, .50]. Participants were also compared on number of
scores<50th percentile, with results reported in Table 3.
Participants with subjective cognitive concerns obtained more
scores<50th percentile than participants without subjective
cognitive concerns.

Discussion

This study compared high-functioning older adults (i.e., estimated
FSIQ ≥75th percentile or college-educated) with and without
subjective cognitive concerns on the number of low scores and high
scores obtained on a seven-test neuropsychological battery and
FPCN regional volume, cortical thickness, and connectivity.
Whereas no difference was observed between groups in the
number of low scores, participants with subjective cognitive
concerns had fewer high scores (M= 3.1, SD= 2.0; Mdn= 3,
range: 0–7) than those without subjective cognitive concerns
(M= 4.4, SD= 1.5; Mdn= 5, range: 2–7), with a large effect size
(d= .71 [95% CI: .22, 1.20]). Post hoc analyses indicated a large
group difference in counts of scores<50th percentile as well
(d= .84 [.34, 1.32]), with participants with subjective cognitive
concerns (M= 1.8, SD= 1.5; Mdn= 2, range: 0–6) again having
more scores below this cutoff than participants without subjective
cognitive concerns (M= 0.8, SD= 0.8; Mdn= 1, range: 0–3).
These differences in test performances were not attributable to
intraindividual variability, which appears related to cognitive aging
(Hultsch et al., 2008), but did not differ between groups in the
current sample. Participants with subjective cognitive concerns

also had lower bilateral FPCN volume and cortical thickness, with
medium-to-large effect sizes (d range: .54–.74). Collectively, these
findings indicate that high-functioning older adults who report
subjective cognitive concerns (a) may be experiencing underlying
neurological changes that do not correspond with obtaining low
scores on neuropsychological testing, and (b) may be experiencing
cognitive decline indicated by a reduction in high scores from a
prior higher ability level.

Among high-functioning older adults, frontoparietal regions
and network activity have been examined in the context of research
on cognitive reserve, which is often estimated based on higher
education, occupational attainment, and/or premorbid intelli-
gence. The current sample would be considered to have high
cognitive reserve per most research definitions (Stern et al., 2020).
Higher premorbid IQ has been associated with less frontal activity
in healthy older adults (Solé-Padullés et al., 2009; Steffener et al.,
2011), whereas a higher cognitive reserve composite (e.g., based on
premorbid IQ, education, and occupation) has been associated
with greater gray matter volume in frontoparietal regions (Bartrés-
Faz et al., 2009). Per these prior findings, increased functional
activity and lower frontoparietal volume may correspond with an
underlying decline in high-functioning older adults. There were no
functional differences at resting-state observed in the current
study, but lower bilateral volume and thickness in frontoparietal
regions was observed. Participants with subjective cognitive
concerns may be noticing changes that correspond with greater
perceived cognitive difficulties in everyday life and a reduction in
high scores on testing. These changes may be explained by
underlying changes in frontoparietal or other regions.

Post hoc analyses were conducted that (a) controlled for
relevant demographic and physical and health variables as
covariates, and (b) examined the DMN to determine whether
group differences were specific to the FPCN. The adjusted analyses
indicated that group differences in frontoparietal volume and
thickness were specific to the left hemisphere after controlling for
demographic and physical health variables, which were associated
with slightly larger effect sizes in unadjusted group comparisons.
This finding indicates that volume differences between high-
functioning older adults with and without subjective cognitive
concerns aremore pronounced in the left hemisphere, which aligns
with research indicating that the left frontal cortex may underlie
reserve capacity in both normal aging and Alzheimer’s disease
(Franzmeier et al., 2018). Group differences were not observed for
the DMN, which has shown associations with cognitive aging
(Hafkemeijer et al., 2012). Many effect sizes for the DMN were
small-to-medium, and neared significance for some volume and
thickness variables, meaning the sample was underpowered to
detect more subtle effects than observed for the FPCN.

The neuroimaging findings add to a growing body of research
on brain differences between older adults with and without
subjective cognitive concerns (Parker et al., 2022). Researchers
have compared older adults with subjective cognitive decline to
healthy control participants, finding frontal differences (Archer
et al., 2010; Hong et al., 2015; Kuhn et al., 2019; Toledo et al., 2015)
and parietal differences (Archer et al., 2010; Hong et al., 2015) in
regional volume and thickness. Researchers have also found
differences on structural MRI in other brain regions not explored
in the current study, including regions typically impacted in
Alzheimer’s disease, such as the entorhinal cortex (Fan et al., 2018;
Meiberth et al., 2015; Ryu et al., 2017) and hippocampus (Archer
et al., 2010; Hafkemeijer et al., 2013; Perrotin et al., 2015; Striepens
et al., 2010). Although group differences in functional connectivity
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were not observed for the current sample, functional MRI studies
have found decreased activation in frontal regions in subjective
cognitive decline (Yasuno et al., 2015). In aggregate, neurological
differences appear associated with subjective cognitive decline in
older adults, with the current findings indicating volumetric and
cortical thickness differences specific to the FPCN.

A key issue in detecting a degenerative process in high-
functioning older adults is that much more cognitive and
neurological change must occur before the individual would
present with traditionally low cognitive test scores (e.g., ≤16th
percentile) or the cognitive change would begin to interfere with
activities of daily living. That said, the underlying change is still
occurring, and early detection may allow for earlier intervention.
In the absence of low test scores or functional impairment,
subjective cognitive concerns have been associated with global
amyloid burden in community-dwelling older adults (Buckley
et al., 2019), increased risk for mild cognitive impairment and
dementia (Jessen et al., 2020), and, in the current study, lower
FPCN volume and thickness in high-functioning older adults. As
opposed to awaiting low scores to present on testing, self-reported
perceptions of cognitive change and an absence of high scores on
neuropsychological assessment may align with underlying pathol-
ogy that is not detected through a traditional focus on low scores.

A relatively sparse literature has examined neuropsychological
methods for detecting potential cognitive decline in high-
functioning older adults. Existing evidence suggests that the
consideration of premorbid intelligence in normative comparisons
captures cases of cognitive decline that may otherwise be
overlooked. An early study examined the use of NAART FSIQ
to adjust normative comparisons among 58 high-functioning older
adults, finding that FSIQ-adjusted norms led to the detection of a
possible Alzheimer’s process that may have been missed when
using age-adjusted norms alone (Rentz et al., 2000). In one sample
of 42 highly intelligent older individuals, no participants had any
cognitive impairments using age-based norms; but, when using
IQ-adjusted norms, 47.6% were detected as having either executive
or memory impairments, which predicted further decline at 3.5
years follow-up (Rentz et al., 2004). Traditional approaches to
neuropsychological assessment may fail to detect cognitive decline
in high-functioning older adults, leading researchers to develop
IQ-based normative data for highly intelligent people, albeit with a
limited sample size of 75 participants (Rentz et al., 2006).
Researchers have even called for norms specific to high-level
professions (e.g., physician-based normative data) (Gaudet & Del
Bene, 2022).

As a way to control for baseline ability level, multiple
approaches exist to estimate premorbid intelligence (Kirton
et al., 2020), but there are rarely stratifications of normative data
by IQ or score adjustments for IQ. More often, education is
considered as a proxy for premorbid ability, either through
demographic-adjusted scores or normative stratifications. In the
current study, some participants with college degrees did not have
a NAART FSIQ ≥75th percentile (n= 8; 11.7%), and some
participants with NAART FSIQ ≥75th percentile did not obtain a
college degree (n= 6; 8.8%). The use of education stratifications or
adjustments may lead to a normative comparison sample that does
not match the intelligence of a high-functioning examinee,
rationalizing greater use of alternative approaches to detecting
potential cognitive decline. These could include IQ-stratified
norms or multivariate base rates of high scores to determine
whether the number of high scores obtained on testing is fewer
than expected.

Few studies have examined the normal frequency of high scores
on neuropsychological test batteries, withmultivariate base rates of
high scores developed for only the D-KEFS (Karr et al., 2020) and
the NIHTB-CB (Iverson & Karr, 2021; Karr & Iverson, 2020; Karr
et al., 2022b). These studies have provided base rates of obtaining
no high scores among healthy adults, with stratifications by
estimated intelligence. When interpreting the seven D-KEFS test
scores, just 4.8% of participants with a FSIQ≥ 110 obtained no
scores ≥75th percentile, making it uncommon to obtain no high
scores among high-functioning adults. Per the current findings,
subjective cognitive concerns are associated with both obtaining
fewer high scores and underlying MRI-derived neurological
changes among high-functioning older adults.

Multivariate base rates of high scores, with stratifications by
intelligence, provide base rates of obtaining few or no high scores,
and can allow for an indirect translation of the current findings
into clinical practice. Take for example, a 68-year-old woman of
high intelligence with a doctoral degree who works as a provost at
an American university. Upon renewal of her appointment,
multiple subordinate employees describe work performance
changes, noting disorganization, forgetfulness, and inattentive-
ness. Her husband reports greater irritability. She reports more
difficulty at work, noting greater difficulty with management
responsibilities in the last year. She completes the Neuro-QoL
Cognitive Function questionnaire (Cella et al., 2012; Gershon et al.,
2012), reporting significant subjective cognitive concerns (T = 32).
On neuropsychological assessment, she completes the WASI
(FSIQ = 120); Wechsler Memory Scale (WMS-IV) subtests
(Logical Memory – Immediate: Scaled Score [SS] = 12; Delayed:
SS= 9) and Visual Reproduction (Immediate: SS = 12; Delayed:
SS= 10); and D-KEFS tests, including Trail Making (Number-
Letter Switching – Time-to-Completion: SS = 12), Verbal Fluency
(Letter Fluency – Total Correct: SS= 11; Category Fluency – Total
Correct: SS= 10; Category Switching – Total Correct: SS= 10;
Category Switching – Total Switching Accuracy: SS = 9), and
Color-Word Interference (Inhibition – Time-to-Completion:
SS= 11; Inhibition/Switching – Time-to-Completion: SS = 11).

This examinee obtains two scores≥75th percentile onWMS-IV
Logical Memory and Visual Reproduction Immediate trials, but
has average Delayed trial performances; and on the D-KEFS, all
performances fall within the average range apart from Trail
Making, which was 75th percentile. The base rates of high scores
on the WMS-IV have not been published, but these findings
indicate a reduction in performances at the delayed trial. For the
D-KEFS, obtaining one score ≥75th percentile occurs among just
16.9% of healthy adults in the normative sample with WASI
FSIQ≥ 110 (Karr et al., 2020). This performance approximates∼ 1
SD below the mean in comparison to an IQ-matched normative
comparison group. Considering self- and informant-reported
subjective cognitive concerns and fewer high scores than expected,
this examinee may be experiencing cognitive decline, despite
obtaining no low test scores (i.e., ≤16th percentile).

A focus on methods for detecting potential cognitive decline in
high-functioning older adults is warranted, as even average
performances in cognition may correspond with reduced work
capacity in high-level positions and cognitive decline in this
population has been associated with broader health concerns,
including increased risk of hospitalization (Chodosh et al., 2004)
and reduced gait speed (Rosso et al., 2019), which may correspond
with increased fall risk (Menant et al., 2014). Further, early
interventions may be beneficial before underlying degeneration
advances enough to produce low scores on cognitive testing.
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Dietary changes may be beneficial, with research demonstrating
that antioxidants and beta-carotene may be protective against
cognitive decline among high-functioning older adults (Hu et al.,
2006). Many clinical trials have examined nonpharmacological
interventions among older adults with subjective cognitive decline
(e.g., exercise, cognitive training), finding evidence for a benefit on
cognitive functioning (Smart et al., 2017).

This study provides insight into the correspondence between
subjective cognitive concerns, the number of high scores obtained
on neuropsychological testing, and underlying neurological
differences, indicating that high-functioning older adults with
subjective cognitive concerns tend to obtain fewer high scores and
have lower FPCN volume and thickness. Although novel, this
study has limitations that affect the generalizability of the findings.
Subjective cognitive concerns were measured for the past month,
as opposed to a longer onset; meaning such concerns may be
transient rather than indicating long-term perceptions of decline.
These concerns were correlated with perceived stress in the past
month, but not mood in the past week. The sample size was
relatively small and homogenous, consisting of primarily women
(i.e., 69.1%), nearly all of whom were White (i.e., 97.1%), recruited
from a single urban area in a midwestern state. Complete data was
required to produce high and low score counts for individual
participants, which led to imputation of some data. These findings
may vary from results that would be obtained from a sample
without missingness. By design, the sample was highly educated
(i.e., 91.2% with a college degree), but involved limited
representation of highly intelligent older adults without college
degrees. Although there was substantial correspondence between
NAART estimated FSIQ and college education, these variables are
both proxies of premorbid functioning, and other variables, such as
occupational complexity, were not considered when selecting this
high-functioning sample. Per annual household income, there was
a broad range of socioeconomic status of participants (i.e., range:
$12,000–$500,000). The test battery was also brief, with just seven-
test scores interpreted for analyses, which is much lower than the
number of test scores typically obtained during a neuropsycho-
logical assessment. These findings offer preliminary evidence that
subjective cognitive concerns and a lower number of high scores
may indicate cognitive decline in high-functioning older adults,
but future research is needed to examine more diverse samples
using test batteries more consistent with neuropsychological
practice. Such studies would both replicate the current findings
and expand their generalizability and translation into practice.
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Urchs, S., : : :Gorgolewski, K. J. (2020). Analysis of task-based functional
MRI data preprocessed with fMRIPrep. Nature Protocols, 15(7), 2186–2202.
https://doi.org/10.1038/s41596-020-0327-3

Esteban, O.,Markiewicz, C. J., Blair, R.W.,Moodie, C. A., Isik, A. I., Erramuzpe, A.,
Kent, J. D., Goncalves, M., DuPre, E., Snyder, M., Oya, H., Ghosh, S. S.,
Wright, J., Durnez, J., Poldrack, R. A., & Gorgolewski, K. J. (2019). fMRIPrep:
A robust preprocessing pipeline for functional MRI. Nature Methods, 16(1),
111–116. https://doi.org/10.1038/s41592-018-0235-4

Evans, A. C., Janke, A. L., Collins, D. L., & Baillet, S. (2012). Brain templates and
atlases. NeuroImage, 62(2), 911–922. https://doi.org/10.1016/j.neuroimage.
2012.01.024

Evans, D. R., & Segerstrom, S. C. (2015). Physical activity and depressive
symptoms interact to predict executive functioning among community-
dwelling older adults. Experimental Aging Research, 41(5), 534–545. https://
doi.org/10.1080/0361073X.2015.1085741

Fan, L.‐Y., Lai, Y.‐M., Chen, T.‐F., Hsu, Y.‐C., Chen, P.‐Y., Huang, K.‐Z.,
Cheng, T.‐W., Tseng,W.‐Y. I., Hua, M.‐S., Chen, Y.‐F., & Chiu, M.‐J. (2018).
Diminution of context association memory structure in subjects with
subjective cognitive decline. Human Brain Mapping, 39(6), 2549–2562.
https://doi.org/10.1002/hbm.24022

Franzmeier, N., Hartmann, J., Taylor, A. N. W., Araque-Caballero, MÁ,
Simon-Vermot, L., Kambeitz-Ilankovic, L., Bürger, K., Catak, C.,
Janowitz, D., Müller, C., Ertl-Wagner, B., Stahl, R., Dichgans, M.,
Duering, M., & Ewers, M. (2018). The left frontal cortex supports reserve
in aging by enhancing functional network efficiency Rik Ossenkoppele.
Alzheimer’s Research and Therapy, 10(28), 1–12. https://doi.org/10.1186/
s13195-018-0358-y

Gaudet, C. E., & Del Bene, V. A. (2022). Neuropsychological assessment of the
aging physician: A review & commentary. Journal of Geriatric Psychiatry
and Neurology, 35(3), 271–279. https://doi.org/10.1177/08919887
211016063

Geiger, P. J., Reed, R. G., Combs, H. L., Boggero, I. A., & Segerstrom, S. C.
(2019). Longitudinal associations among older adults’ neurocognitive
performance, psychological distress, and self-reported cognitive function.
Psychology and Neuroscience, 12(2), 224–235. https://doi.org/10.1037/
pne0000155

Gershon, R. C., Lai, J. S., Bode, R., Choi, S., Moy, C., Bleck, T., Miller, D.,
Peterman, A., & Cella, D. (2012). Neuro-QOL: Quality of life item banks for
adults with neurological disorders: Item development and calibrations based
upon clinical and general population testing. Quality of Life Research, 21(3),
475–486. https://doi.org/10.1007/s11136-011-9958-8

Gorgolewski, K., Burns, C. D., Madison, C., Clark, D., Halchenko, Y. O.,
Waskom, M. L., & Ghosh, S. S. (2011). Nipype: A flexible, lightweight and
extensible neuroimaging data processing framework in Python. Frontiers in
Neuroinformatics, 5. https://doi.org/10.3389/fninf.2011.00013

Greve, D. N., & Fischl, B. (2009). Accurate and robust brain image alignment
using boundary-based registration. NeuroImage, 48(1), 63–72. https://doi.
org/10.1016/j.neuroimage.2009.06.060

Guilmette, T. J., Sweet, J. J., Hebben, N., Koltai, D.,Mahone, E. M., Spiegler, B. J.,
Stucky, K., Westerveld, M., & Conference Participants (2020). American
Academy of Clinical Neuropsychology consensus conference statement on
uniform labeling of performance test scores. The Clinical Neuropsychologist,
34(3), 437–453. https://doi.org/10.1080/13854046.2020.1722244

Hafkemeijer, A., Altmann-Schneider, I., Oleksik, A. M., van de Wiel, L.,
Middelkoop, H. A.M., van Buchem,M. A., van der Grond, J., & Rombouts, S.
A. R. B. (2013). Increased functional connectivity and brain atrophy in
elderly with subjective memory complaints. Brain Connectivity, 3(4),
353–362. https://doi.org/10.1089/brain.2013.0144

Hafkemeijer, A., van der Grond, J., & Rombouts, S. A. R. B. (2012). Imaging the
default mode network in aging and dementia. Biochimica et Biophysica
Acta - Molecular Basis of Disease, 1822(3), 431–441. https://doi.org/10.1016/
j.bbadis.2011.07.008

Heaton, R. K., Grant, I., & Matthews, C. G. (1991). Comprehensive norms for
an extended Halstead-Reitan Battery: Demographic corrections, research
findings, and clinical applications. Psychological Assessment Resources,
Inc.

Heaton, R. K., Miller, S. W., Taylor, M. J., & Grant, I. (2004). Revised
comprehensive norms for an expanded Halstead-Reitan Battery:
Demographically adjusted neuropsychological norms for African American
and Caucasian adults professional manual. Psychological Assessment
Resources, Inc.

Hong, Y. J., Yoon, B., Shim, Y. S., Ahn, K. J., Yang, D. W., & Lee, J. H. (2015).
Gray and white matter degenerations in subjective memory impairment:
Comparisons with normal controls and mild cognitive impairment. Journal
of Korean Medical Science, 30(11), 1652–1658. https://doi.org/10.3346/jkms.
2015.30.11.1652

Hu, P., Bretsky, P., Crimmins, E. M., Guralnik, J. M., Reuben, D. B., &
Seeman, T. E. (2006). Association between serum beta-carotene levels and
decline of cognitive function in high-functioning older persons with or
without apolipoprotein E 4 alleles: MacArthur studies of successful aging.
Journals of Gerontology - Series A Biological Sciences and Medical Sciences,
61(6), 616–620. https://doi.org/10.1093/gerona/61.6.616

Journal of the International Neuropsychological Society 229

https://doi.org/10.1017/S1355617723000607 Published online by Cambridge University Press

https://doi.org/10.1016/j.dadm.2019.08.004
https://doi.org/10.1016/j.dadm.2019.08.004
https://doi.org/10.1007/s11065-016-9332-2
https://doi.org/10.1038/nrn2459
https://doi.org/10.1212/WNL.0b013e318258f744
https://doi.org/10.1111/j.1532-5415.2004.52407.x
https://doi.org/10.1111/j.1532-5415.2004.52407.x
https://doi.org/10.1016/j.neuroimage.2017.03.020
https://doi.org/https://doi.org/10.4324/9780203771587
https://doi.org/10.2307/2136404
https://doi.org/10.1006/nimg.1998.0395
https://doi.org/10.1016/S1474-4422(07)70178-3
https://doi.org/10.3758/BRM.41.4.1149
https://doi.org/10.3758/BRM.41.4.1149
https://doi.org/10.1038/s41596-020-0327-3
https://doi.org/10.1038/s41592-018-0235-4
https://doi.org/10.1016/j.neuroimage.2012.01.024
https://doi.org/10.1016/j.neuroimage.2012.01.024
https://doi.org/10.1080/0361073X.2015.1085741
https://doi.org/10.1080/0361073X.2015.1085741
https://doi.org/10.1002/hbm.24022
https://doi.org/10.1186/s13195-018-0358-y
https://doi.org/10.1186/s13195-018-0358-y
https://doi.org/10.1177/08919887211016063
https://doi.org/10.1177/08919887211016063
https://doi.org/10.1037/pne0000155
https://doi.org/10.1037/pne0000155
https://doi.org/10.1007/s11136-011-9958-8
https://doi.org/10.3389/fninf.2011.00013
https://doi.org/10.1016/j.neuroimage.2009.06.060
https://doi.org/10.1016/j.neuroimage.2009.06.060
https://doi.org/10.1080/13854046.2020.1722244
https://doi.org/10.1089/brain.2013.0144
https://doi.org/10.1016/j.bbadis.2011.07.008
https://doi.org/10.1016/j.bbadis.2011.07.008
https://doi.org/10.3346/jkms.2015.30.11.1652
https://doi.org/10.3346/jkms.2015.30.11.1652
https://doi.org/10.1093/gerona/61.6.616
https://doi.org/10.1017/S1355617723000607


Hultsch, D. F., Strauss, E., Hunter, M. A., & MacDonald, S. W. S. (2008).
Intraindividual variability, cognition, and aging. In F. I. M. Craik, & T. A.
Salthouse (Eds.), The handbook of aging and cognition (pp. 491–556).
Routledge.

Iverson, G. L., & Karr, J. E. (2021). Improving the methodology for identifying
mild cognitive impairment in intellectually high-functioning adults using the
NIH Toolbox Cognition Battery. Frontiers in Psychology, 12(724888), 1–10.
https://doi.org/10.3389/fpsyg.2021.724888

Jenkinson, M., Bannister, P., Brady, M., & Smith, S. (2002). Improved
optimization for the robust and accurate linear registration and motion
correction of brain images. NeuroImage, 17(2), 825–841. https://doi.org/10.
1006/nimg.2002.1132

Jessen, F., Amariglio, R. E., Buckley, R. F., van der Flier, W. M., Han, Y.,
Molinuevo, J. L., Rabin, L., Rentz, D. M., Rodriguez-Gomez, O., Saykin, A. J.,
Sikkes, S. A. M., Smart, C. M., Wolfsgruber, S., & Wagner, M. (2020). The
characterisation of subjective cognitive decline. The Lancet Neurology, 19(3),
271–278,

Karr, J. E., Garcia-Barrera, M. A., Holdnack, J. A., & Iverson, G. L. (2017).
Using multivariate base rates to interpret low scores on an abbreviated
battery of the Delis-Kaplan Executive Function System. Archives of
Clinical Neuropsychology, 32(3), 297–305. https://doi.org/10.1093/arclin/
acw105

Karr, J. E., Garcia-Barrera, M. A., Holdnack, J. A., & Iverson, G. L. (2018).
Advanced clinical interpretation of the Delis-Kaplan Executive Function
System: Multivariate base rates of low scores. The Clinical Neuropsychologist,
32(1), 42–53. https://doi.org/10.1080/13854046.2017.1334828

Karr, J. E., Garcia-Barrera, M. A., Holdnack, J. A., & Iverson, G. L. (2020). The
other side of the bell curve: Multivariate base rates of high scores on the
Delis-Kaplan Executive Function System. Journal of the International
Neuropsychological Society, 26(4), 382–393. https://doi.org/10.1017/
s1355617719001218

Karr, J. E., & Iverson, G. L. (2020). Interpreting high scores on the NIH Toolbox
Cognition Battery: Potential utility for detecting cognitive decline in high-
functioning individuals.Neuropsychology, 34(7), 764–773. https://doi.org/10.
1037/neu0000691

Karr, J. E., Rivera Mindt, M., & Iverson, G. L. (2022a). A multivariate
interpretation of the Spanish-language NIH Toolbox Cognition Battery: The
normal frequency of low scores. Archives of Clinical Neuropsychology, 37(2),
338–351. https://doi.org/10.1093/arclin/acab064

Karr, J. E., Rivera Mindt, M., & Iverson, G. L. (2022b). Assessing cognitive
decline in high-functioning Spanish-speaking patients: High score base rates
on the Spanish-language NIH Toolbox Cognition Battery. Archives of
Clinical Neuropsychology, 37(5), 939–951. https://doi.org/10.1093/arclin/
acab097

Kirton, J. W., Soble, J. R., Marceaux, J. C., Messerly, J., Bain, K. M., Webber, T.
A., Fullen, C., Alverson, W. A., & McCoy, K. J. M. (2020). Comparison of
models of premorbid IQ estimation using the TOPF, OPIE-3, and Barona
equation, with corrections for the Flynn effect. Neuropsychology, 34(1),
43–52. https://doi.org/10.1037/neu0000569

Klein, A., Ghosh, S. S., Bao, F. S., Giard, J., Häme, Yö, Stavsky, E., Lee, N.,
Rossa, B., Reuter, M., Chaibub Neto, E., Keshavan, A., & Schneidman, D.
(2017). Mindboggling morphometry of human brains. PLoS Computational
Biology, 13(2), e1005350. https://doi.org/10.1371/journal.pcbi.1005350

Kuhn, E., Moulinet, Iès, Perrotin, A., La Joie, R., Landeau, B., Tomadesso, C.,
Bejanin, A., Sherif, S., De La Sayette, V., Desgranges, B., Vivien, D., Poisnel,
G., & Chételat, G. B. (2019). Cross-sectional and longitudinal characteri-
zation of SCD patients recruited from the community versus from amemory
clinic: Subjective cognitive decline, psychoaffective factors, cognitive
performances, and atrophy progression over time. Alzheimer’s Research
and Therapy, 11(1). https://doi.org/10.1186/s13195-019-0514-z

Lanczos, C. (1964). Evaluation of noisy data. Journal of the Society for Industrial
and Applied Mathematics Series B Numerical Analysis, 1(1), 76–85. https://
doi.org/10.1137/0701007

Little, R. J. A. (1988). A test of missing completely at random for multivariate
data with missing values. Journal of the American Statistical Association,
83(404), 1198–1202. https://doi.org/10.1080/01621459.1988.10478722

Meiberth, D., Scheef, L., Wolfsgruber, S., Boecker, H., Block, W., Träber, F.,
Erk, S., Heneka,M. T., Jacobi, H., Spottke, A.,Walter, H.,Wagner,M., Hu, X.,

& Jessen, F. (2015). Cortical thinning in individuals with subjective memory
impairment. Journal of Alzheimer’s Disease, 45(1), 139–146. https://doi.org/
10.3233/JAD-142322

Menant, J. C., Schoene, D., Sarofim, M., & Lord, S. R. (2014). Single and dual
task tests of gait speed are equivalent in the prediction of falls in older people:
A systematic review and meta-analysis. Ageing Research Reviews, 16(1),
83–104. https://doi.org/10.1016/j.arr.2014.06.001

Mistridis, P., Egli, S. C., Iverson, G. L., Berres, M., Willmes, K.,
Welsh-Bohmer, K. A., & Monsch, A. U. (2015). Considering the base rates
of low performance in cognitively healthy older adults improves the accuracy
to identify neurocognitive impairment with the Consortium to Establish a
Registry for Alzheimer’s Disease-Neuropsychological Assessment Battery.
European Archives of Psychiatry and Clinical Neuroscience, 265(5), 407–417.
https://doi.org/10.1007/s00406-014-0571-z

Parker, A. F., Ohlhauser, L., Scarapicchia, V., Smart, C. M., Szoeke, C., &
Gawryluk, J. R. (2022). A systematic review of neuroimaging studies
comparing individuals with subjective cognitive decline to healthy controls.
Journal of Alzheimer’s Disease, 86(4), 1545–1567. https://doi.org/10.3233/
JAD-215249

Perrotin, A., de Flores, R., Lamberton, F., Poisnel, G., La Joie, R., de la Sayette, V.,
Mézenge, F., Tomadesso, C., Landeau, B., Desgranges, B., Chételat, G. B.,
Tales, A., Jessen, F., Butler, C., Wilcock, G., Phillips, J., & Bayer, T. (2015).
Hippocampal subfield volumetry and 3D surface mapping in subjective
cognitive decline. Journal of Alzheimer’s Disease, 48(S1), S141–S150. https://
doi.org/10.3233/JAD-150087

Petersen, R. C., Smith, G. E., Waring, S. C., Ivnik, R. J., Tangalos, E. G., &
Kokmen, E. (1999).Mild cognitive impairment: Clinical characterization and
outcome. Archives of Neurology, 56(3), 303–308. https://doi.org/10.1001/
archneur.56.3.303

Power, J. D., Mitra, A., Laumann, T. O., Snyder, A. Z., Schlaggar, B. L., &
Petersen, S. E. (2014). Methods to detect, characterize, and remove motion
artifact in resting state fMRI. NeuroImage, 84, 320–341. https://doi.org/10.
1016/j.neuroimage.2013.08.048

Pruim, R. H. R., Mennes, M., van Rooij, D., Llera, A., Buitelaar, J. K., &
Beckmann, C. F. (2015). ICA-AROMA: A robust ICA-based strategy for
removing motion artifacts from fMRI data. NeuroImage, 112, 267–277.
https://doi.org/10.1016/j.neuroimage.2015.02.064

Reitan, R.M. (1958). Validity of the Trail Making Test as an indicator of organic
brain damage. Perceptual and Motor Skills, 8(3), 271–276. https://doi.org/10.
2466/pms.1958.8.3.271

Reitan, R. M., & Wolfson, D. (1993). The Halstead-Reitan neuropsychological
test battery: Theory and clinical interpretation (2nd ed.). Neuropsychology
Press.

Rentz, D. M., Calvo, V. L., Scinto, L. F. M., Sperling, R. A., Budson, A. E., &
Daffner, K. R. (2000). Detecting early cognitive decline in high-functioning
elders. Journal of Geriatric Psychiatry, 33(1), 27–49.

Rentz, D. M., Huh, T. J., Faust, R. R., Budson, A. E., Scinto, L. F. M., Sperling, R.
A., & Daffner, K. R. (2004). Use of IQ-adjusted norms to predict progressive
cognitive decline in highly intelligent older individuals. Neuropsychology,
18(1), 38–49. https://doi.org/10.1037/0894-4105.18.1.38

Rentz, D. M., Sardinha, L. M., Huh, T. J., Searl, M. M., Daffner, K. R., &
Sperling, R. A. (2006). IQ-based norms for highly intelligent adults. The
Clinical Neuropsychologist, 20(4), 637–648. https://doi.org/10.1080/
13854040500477498

Rivas-Fernández, M.Á., Lindín, M., Zurrón, M., Díaz, F., Lojo-Seoane, C.,
Pereiro, A. X., & Galdo-Álvarez, S. (2023). Neuroanatomical and neuro-
cognitive changes associated with subjective cognitive decline. Frontiers in
Medicine, 10. https://doi.org/10.3389/fmed.2023.1094799

Rosso, A. L., Metti, A. L., Faulkner, K., Redfern, M., Yaffe, K., Launer, L.,
Elizabeth Shaaban, C., Nadkarni, N. K., Rosano, C., Montero-Odasso, M., &
Perry, G. (2019). Complexwalking tasks and risk for cognitive decline in high
functioning older adults. Journal of Alzheimer’s Disease, 71(s1), S65–S73.
https://doi.org/10.3233/JAD-181140

Ryu, S. Y., Lim, E. Y., Na, S., Shim, Y. S., Cho, J. H., Yoon, B., Hong, Y. J., &
Yang, D. W. (2017). Hippocampal and entorhinal structures in subjective
memory impairment: A combined MRI volumetric and DTI study.
International Psychogeriatrics, 29(5), 785–792. https://doi.org/10.1017/
S1041610216002349

230 Justin E. Karr et al.

https://doi.org/10.1017/S1355617723000607 Published online by Cambridge University Press

https://doi.org/10.3389/fpsyg.2021.724888
https://doi.org/10.1006/nimg.2002.1132
https://doi.org/10.1006/nimg.2002.1132
https://doi.org/10.1093/arclin/acw105
https://doi.org/10.1093/arclin/acw105
https://doi.org/10.1080/13854046.2017.1334828
https://doi.org/10.1017/s1355617719001218
https://doi.org/10.1017/s1355617719001218
https://doi.org/10.1037/neu0000691
https://doi.org/10.1037/neu0000691
https://doi.org/10.1093/arclin/acab064
https://doi.org/10.1093/arclin/acab097
https://doi.org/10.1093/arclin/acab097
https://doi.org/10.1037/neu0000569
https://doi.org/10.1371/journal.pcbi.1005350
https://doi.org/10.1186/s13195-019-0514-z
https://doi.org/10.1137/0701007
https://doi.org/10.1137/0701007
https://doi.org/10.1080/01621459.1988.10478722
https://doi.org/10.3233/JAD-142322
https://doi.org/10.3233/JAD-142322
https://doi.org/10.1016/j.arr.2014.06.001
https://doi.org/10.1007/s00406-014-0571-z
https://doi.org/10.3233/JAD-215249
https://doi.org/10.3233/JAD-215249
https://doi.org/10.3233/JAD-150087
https://doi.org/10.3233/JAD-150087
https://doi.org/10.1001/archneur.56.3.303
https://doi.org/10.1001/archneur.56.3.303
https://doi.org/10.1016/j.neuroimage.2013.08.048
https://doi.org/10.1016/j.neuroimage.2013.08.048
https://doi.org/10.1016/j.neuroimage.2015.02.064
https://doi.org/10.2466/pms.1958.8.3.271
https://doi.org/10.2466/pms.1958.8.3.271
https://doi.org/10.1037/0894-4105.18.1.38
https://doi.org/10.1080/13854040500477498
https://doi.org/10.1080/13854040500477498
https://doi.org/10.3389/fmed.2023.1094799
https://doi.org/10.3233/JAD-181140
https://doi.org/10.1017/S1041610216002349
https://doi.org/10.1017/S1041610216002349
https://doi.org/10.1017/S1355617723000607


Schaefer, A., Kong, R., Gordon, E. M., Laumann, T. O., Zuo, X.-N.,
Holmes, A. J., Eickhoff, S. B., & Yeo, B. T. T. (2018). Local-global
parcellation of the human cerebral cortex from intrinsic functional
connectivity MRI. Cerebral Cortex, 28(9), 3095–3114. https://doi.org/10.
1093/cercor/bhx179

Scott, A. B., Reed, R. G., Garcia-Willingham, N. E., Lawrence, K. A., &
Segerstrom, S. C. (2019). Lifespan socioeconomic context: Associations with
cognitive functioning in later life. Journals of Gerontology - Series B
Psychological Sciences and Social Sciences, 74(1), 113–125. https://doi.org/10.
1093/geronb/gby071

Segerstrom, S. C., Reed, R. G., & Karr, J. E. (2022). Cytomegalovirus and
Toxoplasma Gondii Serostatus prospectively correlated with problems in
self-regulation but not executive function among older adults. Psychosomatic
Medicine, 84(5), 603–611. https://doi.org/10.1097/PSY.0000000000001086

Smart, C. M., Karr, J. E., Areshenkoff, C. N., Rabin, L. A., Hudon, C., Gates, N.,
Ali, J. I., Arenaza-Urquijo, E. M., Buckley, R. F., Chetelat, G., Hampel, H.,
Jessen, F., Marchant, N. L., Sikkes, S. A. M., Tales, A., van der Flier, W. M., &
Wesselman, L. (2017). Non-pharmacologic interventions for older adults
with subjective cognitive decline: Systematic review, meta-analysis, and
preliminary recommendations. Neuropsychology Review, 27(3), 245–257.
https://doi.org/10.1007/s11065-017-9342-8

Solé-Padullés, C., Bartrés-Faz, D., Junqué, C., Vendrell, P., Rami, L., Clemente, I.
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