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Abstract

Background—A cognitive concern from the patient, informant, or clinician is required for the 

diagnosis of mild cognitive impairment (MCI); however, the cognitive and neuroanatomical 

correlates of complaint are poorly understood.

Objective—We assessed how self-complaint relates to cognitive and neuroimaging measures in 

older adults with MCI.

Method—MCI participants were drawn from the Alzheimer’s Disease Neuroimaging Initiative 

and dichotomized into two groups based on the presence of self-reported memory complaint (no 

complaint n=191, 77±7 years; complaint n=206, 73±8 years). Cognitive outcomes included 

episodic memory, executive functioning, information processing speed, and language. Imaging 

outcomes included regional lobar volumes (frontal, parietal, temporal, cingulate) and specific 

medial temporal lobe structures (hippocampal volume, entorhinal cortex thickness, 

parahippocampal gyrus thickness).

Results—Linear regressions, adjusting for age, gender, race, education, Mini-Mental State 

Examination score, mood, and apolipoprotein E-4 status, found that cognitive complaint related to 

immediate (β=−1.07, p<0.001) and delayed episodic memory performances assessed on a serial 

list learning task (β=−1.06, p=0.001) but no other cognitive measures or neuroimaging markers.

Conclusions—Self-reported memory concern was unrelated to structural neuroimaging markers 

of atrophy and measures of information processing speed, executive functioning, or language. In 

contrast, subjective memory complaint related to objective verbal episodic learning performance. 
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Future research is warranted to better understand the relation between cognitive complaint and 

surrogate markers of abnormal brain aging, including Alzheimer’s disease, across the cognitive 

aging spectrum.
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Introduction

Mild cognitive impairment (MCI) is widely considered a prodromal phase of dementia 

because many individuals diagnosed with MCI convert to Alzheimer’s disease (AD) [1]. 

Current MCI diagnostic criteria require quantitative evidence of neuropsychological 

impairment, relative preservation of functional abilities, and a concern regarding a change in 

cognition observed by the patient, someone close to the patient (i.e., an informant), or a 

clinician [2]. Extensive research has investigated the clinical meaningfulness of 

neuropsychological impairment [3–6], functional abilities [7–9], and neuroimaging markers 

in MCI [10–12]. Despite a growing body of data on the clinical correlates of cognitive 

complaint among cognitively normal older adults [13], there remains an underrepresentation 

of literature examining the cognitive and neuroimaging correlates of cognitive complaint in 

older adults with MCI. Understanding cognitive complaint in MCI is important because it is 

an essential part of the MCI diagnostic criteria, and cognitive complaint may be an early and 

predictive marker of unhealthy brain aging [13].

Evidence relating self-reported subjective cognitive complaint in MCI to objective cognitive 

performance is mixed. Cross-sectional studies suggest that subjective cognitive complaint in 

MCI is related to poorer verbal episodic memory performances [14,15], but this finding is 

not consistent across the literature [16]. For example, leveraging very large MCI cohorts, 

other groups have shown that subjective cognitive complaint is not associated with decline 

in global [17,18] or domain-specific cognition, such as verbal episodic memory, attention, 

executive functioning, or information processing speed [18]. Overall, it remains unclear how 

subjective cognitive complaint relates to cognition.

Cognitive complaint may correspond to structural brain changes reflecting AD 

pathophysiology, but there are limited studies examining neuroimaging correlates of 

subjective complaint that exclusively focus on MCI. For example, multiple groups have 

focused on medial temporal lobe volumes and compared MCI with other groups, such as 

cognitively normal elders with and without complaint [19,20]. This prior work suggests that 

the presence of cognitive complaint is related to smaller structural volumes within the 

hippocampus [19], entorhinal cortex [20], and parahippocampal gyrus [19].

The frontal or parietal cortex may also be linked to self-perceived memory changes as 

suggested in the existing literature on anosagnosia (i.e., awareness of cognitive abilities and 

impairment) [for review; 21]. Functional imaging studies suggest that MCI individuals with 

poor awareness of their own cognitive ability have altered metabolism in the medial frontal 

[22], parietotemporal [23], and posteriomedial [24], and posterior cingulate [22] regions. 
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Volumetric brain analyses suggest that more unawareness of one’s cognitive ability is 

related to smaller medial frontal cortex in MCI [25]. It is plausible that subjective cognitive 

complaint might also relate to structural differences in these neuroanatomical regions.

The current study cross-sectionally examines whether endorsement of a specific subjective 

memory question (i.e., “Do you feel you have more problems with your memory than 

most?”) in MCI corresponds to objective cognitive impairment or structural brain changes. 

Leveraging the geographically representative and comprehensive Alzheimer’s Disease 

Neuroimaging Initiative (ADNI) database, we hypothesize that older adults with MCI who 

endorse a subjective memory complaint question will have poorer verbal episodic learning 

and memory performances (i.e., total learning, learning slope, delayed recall, delayed 

recognition) because rapid forgetting is most commonly the first clinical manifestation of 

AD [26]. To comprehensively assess the relation of subjective cognitive complaint and 

cognition, additional measures were included that tap key cognitive domains affected in the 

prodromal phase of AD, including executive functioning [6], language [27], and processing 

speed [28]. Our second hypothesis is that older adults with MCI who endorse a subjective 

memory complaint question will have smaller medial temporal lobe volumes (i.e., 

hippocampus, parahippocampal gyrus, and entorhinal cortex) because these structures are 

affected earliest by AD neuropathology [29]. We also examine structural variables reported 

in the anosagnosia literature [for review; 21], including cingulate, frontal lobe, and parietal 

lobe volumes. While all MCI participants enrolled in ADNI have some form of complaint 

(self, informant, or clinician), the current study aims to provide a comprehensive assessment 

of the biological underpinnings and cognitive correlates of subjective memory complaint in 

MCI using a single but common question.

Methods

Participant characteristics

Participants were drawn from the multisite, longitudinal Alzheimer’s Disease Neuroimaging 

Initiative (ADNI; http://adni.loni.usc.edu/), launched in 2003 to examine neuroimaging 

biomarkers in the progression of MCI and AD. At the time of participant enrollment, 

ADNI-1 exclusion criteria included neurological disease other than AD (e.g., Parkinson’s 

disease, epilepsy, multiple sclerosis), history of brain lesion (e.g., infection, infarction) or 

head trauma, and history of psychoactive medication use. For a list of full inclusion and 

exclusion criteria, please refer to http://www.adni-info.org. We accessed publicly available 

data from the original ADNI cohort (ADNI1) on 4/1/2013, and the current study was limited 

to participants with MCI at baseline, available baseline structural 1.5T neuroimaging data, 

and baseline completion of the Geriatric Depression Scale (GDS) [30], which resulted in a 

total sample size of 397 participants. Analysis of ADNI’s publicly available database was 

approved by our local Institutional Review Board prior to data access or analysis.

Diagnostic Determination

MCI was defined by ADNI as (a) Mini-Mental State Examination (MMSE) [31] score>23; 

(b) Clinical Dementia Rating (CDR) [32] global score ≤0.5 (reflecting mild severity of 

impairment); (c) relatively spared activities of daily living; (d) objective cognitive 
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impairment as measured by education-adjusted scores on Wechsler Memory Scale-Revised 

(WMS-R) Logical Memory Delayed Recall [33]; (e) expressed concern regarding cognitive 

change by participant, informant, or study clinician; and (e) not meeting diagnostic criteria 

for AD (please refer to http://www.adni-info.org) [34].

Cognitive Complaint Status

All ADNI MCI participants were required to have a cognitive complaint at study entry 

defined as a cognitive concern reported by the participant, the informant, or the study 

clinician. An additional complaint definition is implemented in the current study. That is, 

before analyses, MCI participants were categorized into two complaint groups using their 

response to the GDS question “Do you feel you have more problems with your memory than 

most?” [17,35]. A “yes” response was coded as a complaint, and a “no” response was coded 

as no complaint. Thus, while all ADNI MCI participants have some form of complaint (self, 

informant, or clinician), the current study investigates the relation between a specific 

subjective cognitive complaint question and cognitive and neuroimaging outcomes.

Neuropsychological Assessment

All participants completed a common neuropsychological protocol assessing multiple 

cognitive systems as described below:

1. Episodic Memory: The Rey Auditory Verbal Learning Test (RAVLT) [36] is a 

verbal episodic memory test that includes five learning trials for a list of 15 nouns 

(Trials 1-5 Total Learning), followed by immediate recall of a 15-item distractor 

list and short-delay free recall of the original list (Immediate Recall). After a 30-

minute filled delay, participants are asked to recall the original list (Delayed Recall) 

followed by a yes/no recognition test for the original 15-item list (Delayed 

Recognition). We included learning slope as an outcome (a regression-based slope, 

which statistically models the linear best fit over all learning trials) [37] because a 

flat learning slope is characteristic of a classic amnestic profile [38]. The WMS-R 

Logical Memory [33] is a verbal episodic memory test using a paragraph-long story 

to assess Immediate Recall and Delayed Recall.

2. Executive Functioning: Working memory was assessed using Wechsler Adult 

Intelligence Scale-III (WAIS-III) Digit Span Backward [39], and sequencing was 

assessed using Trail Making Test Part B [40].

3. Information Processing Speed: Information processing speed was assessed by 

WAIS-III Digit Symbol Coding [39] and Trail Making Test Part A [40].

4. Language: Lexical retrieval was assessed using the 30-item Boston Naming Test 

[41], and category fluency was assessed using Animal Naming [42] and Vegetable 

Naming [43].

Neuroimaging Protocol

The ADNI neuroimaging protocol has been reported in great detail elsewhere [44,45]. 

Images for the current study included original uncorrected 1.5T T1-weighted high-resolution 

three-dimensional structural data. Most neuroimaging measures of interest were derived 
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using FreeSurfer Version 5.0 (http://surfer.nmr.mgh.harvard.edu) [46,47]. Briefly, 

participant data was run through the reconstruction process (recon-all) for skull stripping, 

intensity normalization, and segmentation by tissue type (i.e., cerebrospinal fluid, gray 

matter, and white matter). White and gray matter regions were segmented using spatial 

intensity gradients and intensity of gray/white borders [48]. Contiguous ROIs were detected 

based on intensity similarity and spatial gradient (contour). Bias fields were modeled as a 

three-dimensional second order polynomial. The cortical surface of the brain was then 

inflated and registered to a spherical atlas to parcellate gyral and sulcal structures [49]. After 

recon-all, all data were manually inspected and edited (SD, WC) to correct for registration, 

topological, and segmentation defects, which included inspection of white and gray surfaces 

in accordance with the FreeSurfer training manual (http://surfer.nmr.mgh.harvard.edu/

fswiki/Edits). During these manual edits, the segmentation of the hippocampus was 

reviewed and edited as necessary. After these manual edits were complete, images were re-

processed through FreeSurfer to update the transformation template and segmentation 

information. After surface generation, all surfaces were smoothed at 30mm full-width/half-

maximum Gaussian kernel to reduce the effects of noise on the results. Variables of interest 

for the current study were generated as follows:

1. Cortical thickness analysis: Both intensity and continuity information were used to 

produce representations of cortical thickness, calculated as the closest difference 

from the gray/white matter boundary to the gray matter/CSF boundary at each 

surface vertex [48]. The generated values relied on spatial intensity gradients not 

restricted to the voxel resolution, so they were not affected by absolute signal 

intensity and were able to detect submillimeter features. Such cortical thickness 

procedures have been validated with histological [50] and manual measurements 

[51]. Average gray matter thickness was calculated for all cortical ROIs. For the 

current study, ROIs from FreeSurfer [52] included the parahippocampual gyrus and 

entorhinal cortex.

2. Volumetric analysis: For volumetric analyses, images underwent automated 

Talairach transformation and segmentation [53]. Regional volume was calculated 

based upon the number of voxels occupied within the region of interest. 

FreeSurfer’s lobe mapping was used to calculate lobar volumes (i.e., frontal, 

temporal, parietal, cingulate) laterally by each hemisphere and bilaterally (total 

volumes).

3. Intracranial Volume: FreeSurfer computed estimated total intracranial volume 

(etICV) by completing three iterations of likelihood maximizations of the hidden 

Markov field model, then summing the gray and white matter voxels [54]. All 

regional and lobar volumes were corrected by intracranial volume (ICV), computed 

as ROI volume/etICV*100. The ICV-corrected volumes were then used in all 

volume-based analyses.

Statistical Analysis

Prior to hypothesis testing, between-group comparisons were conducted for demographic 

variables (i.e., age, education, gender, race), global cognitive functioning (i.e., MMSE), 
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depressed mood (i.e., GDS total score excluding the question “Do you feel you have more 

problems with your memory than most?”), cognitive performances, and neuroimaging 

indices, using Wilcoxon rank-sum test for continuous outcomes and Pearson’s chi-squared 

for categorical outcomes. Effect sizes were calculated according to Cohen’s d formula and 

interpreted according to published guidelines [55].

Hypothesis testing was conducted using linear regression for each cognitive and 

neuroimaging outcome with subjective cognitive complaint defined as the independent 

variable using no complaint as the referent. Each model adjusted for age, race, gender, 

education, MMSE, GDS (excluding the cognitive complaint question), and apolipoprotein-E 

(APOE) ε4 status (i.e., positive=ε2/ε4, ε3/ε4, or ε4/ε4 versus negative=ε2/ε2, ε2/ε3, or ε3/

ε3). Ordinal least square method was used for parameter estimation. For demographic 

comparisons and primary outcome models, significance was set a priori at p<0.0022 based 

on a strict Bonferroni correction factor (i.e., α=0.05/22 comparisons). Secondary analyses 

were conducted using lateral lobar volumes to assess for possible lateralization effects [for 

review; 56]. Analyses were conducted using R 2.14.1 with ols function from rms package 

(http://cran.r-project.org) and MATLAB (2012a; The MathWorks; Natick, MA).

Results

Participant Characteristics

The subjective memory complaint group (n=206) differed from the non-complaint group 

(n=191) on age (F(1, 395)=23, p<0.001). However, the two groups were statistically 

comparable for race (x2=1, p=0.31), gender (x2=0.03, p=0.86), education (F(1, 395)=1.2, 

p=0.27), MMSE (F(1, 395)=0.05, p=0.82), GDS (F(1,395)=1.4, p=0.23), and APOE status 

(x2=2.6, p=0.11). The complaint group had lower performances on RAVLT Immediate 

Recall (F(1, 395)=7.5, p=0.006), RAVLT Delayed Recall (F(1, 395)=8.9, p=0.003), and 

RAVLT Delayed Recognition (F(1, 395)=7.6, p=0.006) but did not differ on all other 

cognitive measures (p-values>0.08). The groups did not differ on any neuroimaging variable 

(p-values>0.15). Refer to Table 1 for details and effect sizes.

Subjective Memory Complaint and Cognitive Indices

Linear regressions adjusting for baseline characteristics indicated that MCI participants with 

a subjective memory complaint performed worse than participants with no complaint on 

RAVLT Immediate (β=−1.07, p<0.001) and RAVLT Delayed Recall (β=−1.06, p=0.001). 

The association between subjective complaint and RAVLT Trials 1-5 Total Learning 

(p=0.006) did not survive Bonferroni correction for multiple comparison. No other 

associations between complaint status and cognition were observed (p-values>0.03) using 

the Bonferroni-adjusted significance threshold. Refer to Table 2 for details.

Memory Complaint and Neuroimaging Markers

After adjusting for baseline clinical characteristics, subjective memory complaint did not 

relate to any neuroimaging outcome examined (all p-values>0.12, see Table 2 for details). 

Secondary analyses yielded no association between subjective memory complaint and 

lateralized (hemispheric) lobar volumes (data not shown).
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Discussion

Leveraging a multicenter cohort, the current study examined the cognitive and 

neuroanatomical correlates of a subjective memory complaint in individuals with a clinical 

diagnosis of MCI. Our cross-sectional findings suggest that a subjective memory complaint 

was related to aspects of verbal episodic memory, specifically lower (or worse) immediate 

and delayed recall on a serial list-learning task. Our findings are consistent with prior 

research suggesting that MCI individuals with a subjective memory complaint have poorer 

episodic memory performances, defined with a composite measure (i.e., serial list-learning, 

story learning, and serial figure learning) in comparison to MCI individuals without a 

complaint [14].

In contrast, no association was observed between complaint and story learning, consistent 

with prior work in which we found no cross-sectional or longitudinal differences in story 

learning performance between MCI elders with and without a self-reported cognitive 

complaint [18]. The discordant finding between the list and story learning paradigms used in 

the current study may due to several factors. Foremost, the two measures may assess 

different aspects of learning and memory. Compared to story learning, serial list-learning 

has been shown to be more sensitive to episodic memory changes in MCI [57,58] and more 

sensitive to detection of early AD pathology [59]. Second, we used a correction factor, 

which may be so strict that it creates a Type II error. In the absence of any correction factor, 

cognitive complaint would have statistically related to poorer story learning performance. 

Third, discrepant findings within and across the literature could relate to different complaint 

assessment methods. Subjective cognitive complaint can be assessed by one [20] or multiple 

questions [60] that query for changes compared to one’s own past abilities [61], to one’s 

peers [35], or based upon a functional ability [62]. Different complaint questions may relate 

differently to objective cognitive performance [63] without comparable clinical significance. 

Taken cumulatively, it is plausible that the implementation of a more sensitive measure of 

episodic memory or a strict correction factor, or the method of assessing subjective 

cognitive complaint in the current study yielded differences not captured in other recent 

work.

Subjective cognitive complaint was not predictive of any non-memory cognitive 

performances, including executive functioning, information processing speed, or language 

skills. This finding is consistent with existing research suggesting that a self-complaint of 

cognitive change among individuals with MCI is not related to cross-sectional or 

longitudinal changes in other areas of cognition [18]. The lack of association with non-

memory domains could be due to the method by which we defined complaint. In the current 

study, subjective cognitive complaint is specific to memory (i.e., “Do you feel you have 

more problems with your memory than most?”), whereas prior work has emphasized general 

“cognitive decline” [18]. The current findings may speak to more precise concordance 

between memory-specific concerns and objective memory performances in individuals with 

MCI.

Based on prior research in cognitively normal elders and the known distribution of 

pathology early in the AD course, we hypothesized that cognitive complaint would be 
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related to greater atrophy in the hippocampus [19], parahippocampal gyrus [19], and 

entorhinal cortex [20]. However, our statistical models did not yield any significant 

associations between memory complaint and the neuroimaging markers of interest, 

including brain regions commonly affected early in AD (i.e., hippocampal, 

parahippocampal, and entorhinal cortex) and areas implicated in anosagnosia (i.e., frontal, 

parietal, and cingulate volumes) [for review; 21,56]. Recent evidence suggests that objective 

episodic learning and memory impairments (as measured by RAVLT) precede structural 

imaging evidence of hippocampal atrophy [64]. Given the association between subjective 

memory concern and objective list-learning performance, it is plausible that a subjective 

memory complaint is an early clinical marker of AD pathogenesis. However, alternative 

explanations should be considered. This null finding could suggest that MCI individuals 

who report a memory change have medial temporal and global atrophy comparable to MCI 

individuals who deny any memory changes, making detection of any between-group 

differences difficult. Morphological brain changes in the medial temporal lobe are known to 

be present in MCI [1,65], but ADNI MCI cohort members may have more medial temporal 

atrophy than typically seen in MCI given ADNI’s higher conversion rate to dementia (i.e., 

16.5% over 12 months) [34] as compared to epidemiological studies (i.e., 2–7%) [66]. It is 

also possible that our method for segmenting hippocampal volume introduced unwanted 

variance, making it difficult to detect differences in this anatomical region [67]. 

Alternatively, we defined cognitive complaint by one memory-focused question, which may 

be insufficiently sensitive to neuroanatomical changes, especially those areas implicated in 

anosagnosia.

It is important to note that as part of the diagnostic classification at ADNI enrollment, all 

MCI participants had some form of cognitive complaint (i.e., self-report, informant-report, 

or clinician-report). Due to possible inconsistency in site-specific methods for defining 

complaint and the unavailability of item-level self-report complaint data in the ADNI 

enrollment dataset, we leveraged responses to one self-report question (i.e., Do you feel you 

have more problems with your memory than most?), which is collected as part of the GDS. 

Our single-item method provided an opportunity to define complaint consistently across all 

MCI cohort members enrolled across the ADNI sites. The current findings provide new 

information about how this specific self-perceived memory question relates to cognitive and 

neuroimaging markers of unhealthy brain aging. Furthermore, results suggesting that 

endorsement of the item was related to poorer objective episodic memory performance 

augment past work examining the validity of this particular memory complaint question 

[35].

The ADNI cohort offers a number of strengths, including nationwide representation of 

participants, standardized diagnostic criteria, standardized neuroimaging protocol, and 

standardized neuropsychological protocol. A strength of the current study is that 

methodologically, we considered memory complaints in tandem with neuropsychological 

and neuroimaging outcomes. Lastly, restriction of participant inclusion to MCI allowed for a 

greater understanding of how complaint relates to cognitive and neuroimaging markers of 

cognitive aging in a population at very high risk for converting to dementia.
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The present study has several noteworthy limitations. First, ADNI participants are 

predominantly White and well-educated (i.e., with a mean education of 16 years), which 

may limit the generalizability of findings to the population at large. Criteria for MCI 

diagnosis in ADNI requires a memory complaint, thus all participants in the current study 

have some form of self-, informant-, or clinician-concern regarding cognitive changes. 

Although the ADNI MRI protocol was optimized for comparability across different 

scanning platforms, variability in hardware and software configurations may have 

contributed unknown variance to the data. While our analytical plan was hypothesis-driven, 

the current study did not analyze all possible brain structures, so we may have overlooked an 

important association between memory complaint and neuroanatomical changes not 

captured in the regions selected. Furthermore, the lobar regions (i.e., frontal, parietal, and 

cingulate) included in our analyses were large and possibly lacked sufficient sensitivity to 

detect associations between subjective complaint and these broader cortical areas. Our 

analyses were cross-sectional, so we are unable to make temporal or causal associations 

between memory complaint and outcomes, but a longitudinal analysis may help resolve 

inconsistencies in relations between cognitive complaint and neuroanatomical changes.

The current study provides new information about the cognitive and neuroanatomical 

correlates of memory complaint by suggesting that a memory complaint in MCI is related to 

worse immediate and delayed recall performances. The current findings enhance this prior 

literature by investigating detailed verbal episodic learning and memory performances (i.e., 

total learning, learning slope, immediate recall, delayed recall, recognition), rather than a 

global composite measure in older adults with MCI. Results indicate that subjective memory 

complaint correlates not only with delayed recall but also with immediate recall.

The findings highlight that this memory complaint question may have clinical implications 

for individuals with MCI and that endorsement of the question “Do you feel you have more 

problems with your memory than most?” is preferentially related to objective memory 

performance as compared to other cognitive performances (i.e., executive functioning, 

information processing speed, language). Further research is needed to better understand the 

clinical relevance of cognitive complaint in MCI and to extend these analyses to cognitively 

normal older adults to examine the role of memory complaint as an early marker of 

unhealthy brain aging. Additionally, expanding outcomes to include cerebrospinal fluid 

biomarkers of AD or amyloid and tau imaging will further enhance understanding of the 

clinical significance of cognitive complaint. Such information could provide clinicians and 

researchers with an important and easy-to-use tool for identifying individuals at risk for 

unhealthy brain aging. Early recognition of older adults with abnormal cognitive changes is 

critical for minimizing the public health burden of dementia and AD.

Acknowledgments

This research was supported by Alzheimer’s Association NIRG-13-283276 (KAG); K12-HD043483 (KAG); K23-
AG030962 (Paul B. Beeson Career Development Award in Aging, ALJ); K24-AG046373 (ALJ); Alzheimer’s 
Association IIRG-08-88733 (ALJ); R01-AG034962 (ALJ); R01-HL111516 (ALJ); and the Vanderbilt Memory & 
Alzheimer’s Center.

Data collection and sharing for this project was funded by the Alzheimer’s Disease Neuroimaging Initiative 
(ADNI) (National Institutes of Health Grant U01 AG024904). ADNI is funded by the National Institute on Aging, 

Gifford et al. Page 9

J Alzheimers Dis. Author manuscript; available in PMC 2015 March 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



by the National Institute of Biomedical Imaging and Bioengineering, and through generous contributions from the 
following: Abbott; Alzheimer’s Association; Alzheimer’s Drug Discovery Foundation; Amorfix Life Sciences Ltd.; 
AstraZeneca; Bayer HealthCare; BioClinica, Inc.; Biogen Idec, Inc.; Bristol-Myers Squibb Company; Eisai, Inc.; 
Elan Pharmaceuticals, Inc.; Eli Lilly and Company; F. Hoffmann-La Roche Ltd. and its affiliated company 
Genentech, Inc.; GE Healthcare; Innogenetics, N.V.; IXICO Ltd.; Janssen Alzheimer Immunotherapy Research & 
Development, LLC.; Johnson & Johnson Pharmaceutical Research & Development, LLC.; Medpace, Inc.; Merck & 
Co., Inc.; Meso Scale Diagnostics, LLC.; Novartis Pharmaceuticals Corporation; Pfizer, Inc.; Servier; Synarc, Inc.; 
and Takeda Pharmaceutical Company. The Canadian Institutes of Health Research is providing funds to support 
ADNI clinical sites in Canada. Private sector contributions are facilitated by the Foundation for the National 
Institutes of Health (www.fnih.org). The grantee organization is the Northern California Institute for Research and 
Education, and the study is coordinated by the Alzheimer’s Disease Cooperative Study Rev October 16, 2012 at the 
University of California, San Diego. ADNI data are disseminated by the Laboratory of NeuroImaging at the 
University of California, Los Angeles. This research was also supported by NIH grants P30 AG010129 and K01 
AG030514.

References

1. Petersen RC, Doody R, Kurz A, Mohs RC, Morris JC, Rabins PV, Ritchie K, Rossor M, Thal L, 
Winblad B. Current concepts in mild cognitive impairment. Arch Neurol. 2001; 58:1985–1992. 
[PubMed: 11735772] 

2. Albert MS, Dekosky ST, Dickson D, Dubois B, Feldman HH, Fox NC, Gamst A, Holtzman DM, 
Jagust WJ, Petersen RC, Snyder PJ, Carrillo MC, Thies B, Phelps CH. The diagnosis of mild 
cognitive impairment due to Alzheimer’s disease: recommendations from the National Institute on 
Aging-Alzheimer’s Association workgroups on diagnostic guidelines for Alzheimer’s disease. 
Alzheimers Dement. 2011; 7:270–279. [PubMed: 21514249] 

3. Backman L, Jones S, Berger AK, Laukka EJ, Small BJ. Cognitive impairment in preclinical 
Alzheimer’s disease: a meta-analysis. Neuropsychology. 2005; 19:520–531. [PubMed: 16060827] 

4. Tabert MH, Manly JJ, Liu X, Pelton GH, Rosenblum S, Jacobs M, Zamora D, Goodkind M, Bell K, 
Stern Y, Devanand DP. Neuropsychological prediction of conversion to Alzheimer disease in 
patients with mild cognitive impairment. Arch Gen Psychiatry. 2006; 63:916–924. [PubMed: 
16894068] 

5. Fleisher AS, Sowell BB, Taylor C, Gamst AC, Petersen RC, Thal LJ. Clinical predictors of 
progression to Alzheimer disease in amnestic mild cognitive impairment. Neurology. 2007; 
68:1588–1595. [PubMed: 17287448] 

6. Albert MS, Moss M, Tanzi R, Jones K. Preclinical prediction of AD using neuropsychological tests. 
J Int Neuropsychol Soc. 2001; 7:631–639. [PubMed: 11459114] 

7. Jefferson AL, Byerly LK, Vanderhill S, Lambe S, Wong S, Ozonoff A, Karlawish JH. 
Characterization of activities of daily living in individuals with mild cognitive impairment. Am J 
Geriatr Psychiatry. 2008; 16:375–383. [PubMed: 18332397] 

8. Griffith HR, Belue K, Sicola A, Krzywanski S, Zamrini E, Harrell L, Marson DC. Impaired 
financial abilities in mild cognitive impairment: a direct assessment approach. Neurology. 2003; 
60:449–457. [PubMed: 12578926] 

9. Tabert MH, Albert SM, Borukhova-Milov L, Camacho Y, Pelton G, Liu X, Stern Y, Devanand DP. 
Functional deficits in patients with mild cognitive impairment: prediction of AD. Neurology. 2002; 
58:758–764. [PubMed: 11889240] 

10. Du AT, Schuff N, Amend D, Laakso MP, Hsu YY, Jagust WJ, Yaffe K, Kramer JH, Reed B, 
Norman D, Chui HC, Weiner MW. Magnetic resonance imaging of the entorhinal cortex and 
hippocampus in mild cognitive impairment and Alzheimer’s disease. J Neurol Neurosurg 
Psychiatry. 2001; 71:441–447. [PubMed: 11561025] 

11. Dickerson BC, Salat DH, Bates JF, Atiya M, Killiany RJ, Greve DN, Dale AM, Stern CE, Blacker 
D, Albert MS, Sperling RA. Medial temporal lobe function and structure in mild cognitive 
impairment. Ann Neurol. 2004; 56:27–35. [PubMed: 15236399] 

12. Devanand DP, Pradhaban G, Liu X, Khandji A, De Santi S, Segal S, Rusinek H, Pelton GH, Honig 
LS, Mayeux R, Stern Y, Tabert MH, de Leon MJ. Hippocampal and entorhinal atrophy in mild 
cognitive impairment: prediction of Alzheimer disease. Neurology. 2007; 68:828–836. [PubMed: 
17353470] 

Gifford et al. Page 10

J Alzheimers Dis. Author manuscript; available in PMC 2015 March 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



13. Jessen F, Wiese B, Bachmann C, Eifflaender-Gorfer S, Haller F, Kolsch H, Luck T, Mosch E, van 
den Bussche H, Wagner M, Wollny A, Zimmermann T, Pentzek M, Riedel-Heller SG, Romberg 
HP, Weyerer S, Kaduszkiewicz H, Maier W, Bickel H. Prediction of dementia by subjective 
memory impairment: effects of severity and temporal association with cognitive impairment. Arch 
Gen Psychiatry. 2010; 67:414–422. [PubMed: 20368517] 

14. Cook S, Marsiske M. Subjective memory beliefs and cognitive performance in normal and mildly 
impaired older adults. Aging Ment Health. 2006; 10:413–423. [PubMed: 16798634] 

15. Benito-Leon J, Mitchell AJ, Vega S, Bermejo-Pareja F. A population-based study of cognitive 
function in older people with subjective memory complaints. J Alzheimers Dis. 2010; 22:159–170. 
[PubMed: 20847410] 

16. Lenehan ME, Klekociuk SZ, Summers MJ. Absence of a relationship between subjective memory 
complaint and objective memory impairment in mild cognitive impairment (MCI): is it time to 
abandon subjective memory complaint as an MCI diagnostic criterion? Int Psychogeriatr. 2012; 
24:1505–1514. [PubMed: 22717042] 

17. Purser JL, Fillenbaum GG, Wallace RB. Memory complaint is not necessary for diagnosis of mild 
cognitive impairment and does not predict 10-year trajectories of functional disability, word recall, 
or short portable mental status questionnaire limitations. J Am Geriatr Soc. 2006; 54:335–338. 
[PubMed: 16460388] 

18. Gifford KA, Liu D, Carmona H, Lu Z, Romano R, Tripodis Y, Martin B, Kowall N, Jefferson AL. 
Inclusion of an informant yields strong associations between cognitive complaint and longitudinal 
cognitive outcomes in non-demented elders. J Alzheimers Dis. (In press). 

19. Saykin AJ, Wishart HA, Rabin LA, Santulli RB, Flashman LA, West JD, McHugh TL, Mamourian 
AC. Older adults with cognitive complaints show brain atrophy similar to that of amnestic MCI. 
Neurology. 2006; 67:834–842. [PubMed: 16966547] 

20. Jessen F, Feyen L, Freymann K, Tepest R, Maier W, Heun R, Schild HH, Scheef L. Volume 
reduction of the entorhinal cortex in subjective memory impairment. Neurobiol Aging. 2006; 
27:1751–1756. [PubMed: 16309795] 

21. Zamboni G, Wilcock G. Lack of awareness of symptoms in people with dementia: the structural 
and functional basis. Int J Geriatr Psychiatry. 2011; 26:783–792. [PubMed: 21744382] 

22. Ries ML, Jabbar BM, Schmitz TW, Trivedi MA, Gleason CE, Carlsson CM, Rowley HA, Asthana 
S, Johnson SC. Anosognosia in mild cognitive impairment: Relationship to activation of cortical 
midline structures involved in self-appraisal. J Int Neuropsychol Soc. 2007; 13:450–461. 
[PubMed: 17445294] 

23. Hanyu H, Sakurai H, Hirao K, Shimizu S, Iwamoto T. Unawareness of memory deficits depending 
on cerebral perfusion pattern in mild cognitive impairment. J Am Geriatr Soc. 2007; 55:470–471. 
[PubMed: 17341256] 

24. Nobili F, Mazzei D, Dessi B, Morbelli S, Brugnolo A, Barbieri P, Girtler N, Sambuceti G, 
Rodriguez G, Pagani M. Unawareness of memory deficit in amnestic MCI: FDG-PET findings. J 
Alzheimers Dis. 2010; 22:993–1003. [PubMed: 20858977] 

25. Rosen HJ, Alcantar O, Rothlind J, Sturm V, Kramer JH, Weiner M, Miller BL. Neuroanatomical 
correlates of cognitive self-appraisal in neurodegenerative disease. Neuroimage. 2010; 49:3358–
3364. [PubMed: 19961939] 

26. Albert MS. Cognitive and neurobiologic markers of early Alzheimer disease. Proc Natl Acad Sci U 
S A. 1996; 93:13547–13551. [PubMed: 8942970] 

27. Mickes L, Wixted JT, Fennema-Notestine C, Galasko D, Bondi MW, Thal LJ, Salmon DP. 
Progressive impairment on neuropsychological tasks in a longitudinal study of preclinical 
Alzheimer’s disease. Neuropsychology. 2007; 21:696–705. [PubMed: 17983283] 

28. Twamley EW, Ropacki SA, Bondi MW. Neuropsychological and neuroimaging changes in 
preclinical Alzheimer’s disease. J Int Neuropsychol Soc. 2006; 12:707–735. [PubMed: 16961952] 

29. Braak H, Braak E. Staging of Alzheimer’s disease-related neurofibrillary changes. Neurobiol 
Aging. 1995; 16:271–278. discussion 278–284. [PubMed: 7566337] 

30. Yesavage JA, Brink TL, Rose TL, Lum O, Huang V, Adey M, Leirer VO. Development and 
validation of a geriatric depression screening scale: a preliminary report. J Psychiatr Res. 1983; 
17:37–49. [PubMed: 7183759] 

Gifford et al. Page 11

J Alzheimers Dis. Author manuscript; available in PMC 2015 March 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



31. Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”. A practical method for grading the 
cognitive state of patients for the clinician. J Psychiatr Res. 1975; 12:189–198. [PubMed: 
1202204] 

32. Morris JC. The Clinical Dementia Rating (CDR): current version and scoring rules. Neurology. 
1993; 43:2412–2414. [PubMed: 8232972] 

33. Wechsler, D. Wechsler Memory Scale-Revised. Psychological Corporation; San Antonio, Texas: 
1987. 

34. Petersen RC, Aisen PS, Beckett LA, Donohue MC, Gamst AC, Harvey DJ, Jack CR Jr, Jagust WJ, 
Shaw LM, Toga AW, Trojanowski JQ, Weiner MW. Alzheimer’s Disease Neuroimaging Initiative 
(ADNI): Clinical characterization. Neurology. 2010; 74:201–209. [PubMed: 20042704] 

35. Lam LC, Lui VW, Tam CW, Chiu HF. Subjective memory complaints in Chinese subjects with 
mild cognitive impairment and early Alzheimer’s disease. Int J Geriatr Psychiatry. 2005; 20:876–
882. [PubMed: 16116581] 

36. Rey, A. L’examen clinique en psychologie. Presses Universitaires de France; Paris: 1964. 

37. Tulving E. Intratrial and Intertrial Retention: Notes Towards a Theory of Free Recall Verbal 
Learning. Psychol Rev. 1964; 71:219–237. [PubMed: 14146346] 

38. Bigler ED, Rosa L, Schultz F, Hall S, Harris J. Rey-Auditory Verbal Learning and Rey-Osterrieth 
Complex Figure Design performance in Alzheimer’s disease and closed head injury. J Clin 
Psychol. 1989; 45:277–280. [PubMed: 2723084] 

39. Wechsler, D. Wechsler Adult Intelligence Scale, 3rd edition (WAIS-III) Manual. The 
Psychological Corporation; San Antonio, TX: 1997. 

40. Reitan RM. Validity of the Trail Making Test as an indicator of organic brain damage. Percept Mot 
Skills. 1958; 8:271–276.

41. Kaplan, E.; Goodglass, H.; Weintraub, S. The Boston Naming Test. Lea & Febiger; Philadelphia: 
1983. 

42. Goodglass, H.; Kaplan, E. The assessment of aphasia and related disorders. Lea & Febiger; 
Philadelphia, PA: 1983. 

43. Troyer AK, Moscovitch M, Winocur G. Clustering and switching as two components of verbal 
fluency: evidence from younger and older healthy adults. Neuropsychology. 1997; 11:138–146. 
[PubMed: 9055277] 

44. Jack CR Jr, Bernstein MA, Fox NC, Thompson P, Alexander G, Harvey D, Borowski B, Britson 
PJ, JLW, Ward C, Dale AM, Felmlee JP, Gunter JL, Hill DL, Killiany R, Schuff N, Fox-Bosetti S, 
Lin C, Studholme C, DeCarli CS, Krueger G, Ward HA, Metzger GJ, Scott KT, Mallozzi R, 
Blezek D, Levy J, Debbins JP, Fleisher AS, Albert M, Green R, Bartzokis G, Glover G, Mugler J, 
Weiner MW. The Alzheimer’s Disease Neuroimaging Initiative (ADNI): MRI methods. J Magn 
Reson Imaging. 2008; 27:685–691. [PubMed: 18302232] 

45. Weiner MW, Aisen PS, Jack CR Jr, Jagust WJ, Trojanowski JQ, Shaw L, Saykin AJ, Morris JC, 
Cairns N, Beckett LA, Toga A, Green R, Walter S, Soares H, Snyder P, Siemers E, Potter W, Cole 
PE, Schmidt M. The Alzheimer’s disease neuroimaging initiative: Progress report and future 
plans. Alzheimers Dement. 2010; 6:202–211. e207. [PubMed: 20451868] 

46. Dale AM, Fischl B, Sereno MI. Cortical surface-based analysis: I. Segmentation and surface 
reconstruction. Neuroimage. 1999; 9:179–194. [PubMed: 9931268] 

47. Fischl B, Sereno MI, Tootell RB, Dale AM. High-resolution intersubject averaging and a 
coordinate system for the cortical surface. Hum Brain Mapp. 1999; 8:272–284. [PubMed: 
10619420] 

48. Fischl B, Dale AM. Measuring the thickness of the human cerebral cortex from magnetic 
resonance images. Proc Natl Acad Sci USA. 2000; 97:11050–11055. [PubMed: 10984517] 

49. Fischl B, Sereno MI, Dale AM. Cortical surface-based analysis. II: Inflation, flattening, and a 
surface-based coordinate system. Neuroimage. 1999; 9:195–207. [PubMed: 9931269] 

50. Rosas HD, Liu AK, Hersch S, Glessner M, Ferrante RJ, Salat DH, van der Kouwe A, Jenkins BG, 
Dale AM, Fischl B. Regional and progressive thinning of the cortical ribbon in Huntington’s 
disease. Neurology. 2002; 58:695–701. [PubMed: 11889230] 

Gifford et al. Page 12

J Alzheimers Dis. Author manuscript; available in PMC 2015 March 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



51. Salat DH, Buckner RL, Snyder AZ, Greve DN, Desikan RS, Busa E, Morris JC, Dale AM, Fischl 
B. Thinning of the cerebral cortex in aging. Cerebral Cortex. 2004; 14:721–730. [PubMed: 
15054051] 

52. Destrieux C, Fischl B, Dale A, Halgren E. A sulcal depth-based anatomical parcellation of the 
cerebral cortex. NeuroImage. 2009; 47:S151.

53. Fischl B, Salat DH, Busa E, Albert M, Dieterich M, Haselgrove C, van der Kouwe A, Killiany R, 
Kennedy D, Klaveness S, Montillo A, Makris N, Rosen B, Dale AM. Whole brain segmentation: 
Automated labeling of neuroanatomical structures in the human brain. Neuron. 2002; 33:341–355. 
[PubMed: 11832223] 

54. Buckner RL, Head D, Parker J, Fotenos AF, Marcus D, Morris JC, Snyder AZ. A unified approach 
for morphometric and functional data analysis in young, old, and demented adults using automated 
atlas-based head size normalization: Reliability and validation against manual measurement of 
total intracranial volume. Neuroimage. 2004; 23:724–738. [PubMed: 15488422] 

55. Cohen, J. Statistical power analysis for the behavioral sciences. Lawrence Earlbaum Associates; 
Hillsdale, NJ: 1988. 

56. Cosentino S, Stern Y. Metacognitive theory and assessment in dementia: do we recognize our areas 
of weakness? J Int Neuropsychol Soc. 2005; 11:910–919. [PubMed: 16519270] 

57. Tremont G, Miele A, Smith MM, Westervelt HJ. Comparison of verbal memory impairment rates 
in mild cognitive impairment. J Clin Exp Neuropsychol. 2010; 32:630–636. [PubMed: 20603742] 

58. Baek MJ, Kim HJ, Kim S. Comparison between the story recall test and the word-list learning test 
in Korean patients with mild cognitive impairment and early stage of Alzheimer’s disease. J Clin 
Exp Neuropsychol. 2012; 34:396–404. [PubMed: 22263656] 

59. Tierney M, Nores A, Snow W, Fisher R, Zorzitto M, Reid D. Use of the Rey Auditory Verbal 
Learning Test in differentiating normal aging from Alzheimer’s and Parkinson’s dementia. 
Psychol Assess. 1994; 6:129–134.

60. Wang Y, West JD, Flashman LA, Wishart HA, Santulli RB, Rabin LA, Pare N, Arfanakis K, 
Saykin AJ. Selective changes in white matter integrity in MCI and older adults with cognitive 
complaints. Biochim Biophys Acta. 2012; 1822:423–430. [PubMed: 21867750] 

61. Jessen F, Wiese B, Cvetanovska G, Fuchs A, Kaduszkiewicz H, Kolsch H, Luck T, Mosch E, 
Pentzek M, Riedel-Heller SG, Werle J, Weyerer S, Zimmermann T, Maier W, Bickel H. Patterns 
of subjective memory impairment in the elderly: association with memory performance. Psychol 
Med. 2007; 37:1753–1762. [PubMed: 17623488] 

62. Farias ST, Mungas D, Reed BR, Cahn-Weiner D, Jagust W, Baynes K, Decarli C. The 
measurement of everyday cognition (ECog): scale development and psychometric properties. 
Neuropsychology. 2008; 22:531–544. [PubMed: 18590364] 

63. Amariglio RE, Townsend MK, Grodstein F, Sperling RA, Rentz DM. Specific subjective memory 
complaints in older persons may indicate poor cognitive function. J Am Geriatr Soc. 2011; 
59:1612–1617. [PubMed: 21919893] 

64. Jedynak BM, Lang A, Liu B, Katz E, Zhang Y, Wyman BT, Raunig D, Jedynak CP, Caffo B, 
Prince JL. A computational neurodegenerative disease progression score: method and results with 
the Alzheimer’s disease Neuroimaging Initiative cohort. Neuroimage. 2012; 63:1478–1486. 
[PubMed: 22885136] 

65. Pennanen C, Kivipelto M, Tuomainen S, Hartikainen P, Hanninen T, Laakso MP, Hallikainen M, 
Vanhanen M, Nissinen A, Helkala EL, Vainio P, Vanninen R, Partanen K, Soininen H. 
Hippocampus and entorhinal cortex in mild cognitive impairment and early AD. Neurobiol Aging. 
2004; 25:303–310. [PubMed: 15123335] 

66. Mitchell AJ, Shiri-Feshki M. Rate of progression of mild cognitive impairment to dementia--meta-
analysis of 41 robust inception cohort studies. Acta Psychiatr Scand. 2009; 119:252–265. 
[PubMed: 19236314] 

67. Gronenschild EH, Habets P, Jacobs HI, Mengelers R, Rozendaal N, van Os J, Marcelis M. The 
effects of FreeSurfer version, workstation type, and Macintosh operating system version on 
anatomical volume and cortical thickness measurements. PLoS One. 2012; 7:e38234. [PubMed: 
22675527] 

Gifford et al. Page 13

J Alzheimers Dis. Author manuscript; available in PMC 2015 March 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Gifford et al. Page 14

T
ab

le
 1

Pa
rt

ic
ip

an
t C

ha
ra

ct
er

is
tic

s

N
o 

C
om

pl
ai

nt
C

om
pl

ai
nt

p-
va

lu
e*

*
E

ff
ec

t 
Si

ze
§

Sa
m

pl
e 

si
ze

, n
19

1
20

6
--

--

A
ge

, y
77

 (
7)

73
 (

8)
<

0.
00

1
0.

26

Se
x,

 %
 F

em
al

e
35

36
0.

86
--

R
ac

e,
 %

 W
hi

te
92

95
0.

31
--

E
du

ca
tio

n,
 y

16
 (

3)
16

 (
3)

0.
27

0.
00

A
PO

E
-ε

4,
 %

 P
os

iti
ve

49
57

0.
11

--

M
in

i-
M

en
ta

l S
ta

te
 E

xa
m

in
at

io
n

27
.0

 (
1.

8)
27

.0
 (

1.
8)

0.
82

0.
00

G
er

ia
tr

ic
 D

ep
re

ss
io

n 
Sc

al
e

1.
0 

(1
.3

)
1.

1 
(1

.2
)

0.
23

−
0.

08

C
on

ve
rs

io
n 

to
 D

em
en

tia
,ŧ

%
13

17
0.

39
--

N
eu

ro
ps

yc
ho

lo
gi

ca
l O

ut
co

m
es

N
o 

C
om

pl
ai

nt
C

om
pl

ai
nt

p-
va

lu
e*

*
E

ff
ec

t 
Si

ze
§

D
ig

it 
Sy

m
bo

l C
od

in
g

36
 (

11
)

37
 (

11
)

0.
42

−
0.

09

T
ra

il 
M

ak
in

g 
T

es
t -

 P
ar

t A
*

46
 (

25
)

44
 (

21
)

0.
29

0.
09

T
ra

il 
M

ak
in

g 
T

es
t -

 P
ar

t B
*

13
5 

(7
7)

12
8 

(7
0)

0.
48

0.
10

D
ig

it 
Sp

an
 B

ac
kw

ar
d

6.
2 

(2
.2

)
6.

2 
(1

.9
)

0.
40

0.
00

C
at

eg
or

y 
Fl

ue
nc

y 
- 

A
ni

m
al

s
15

.7
 (

5.
0)

16
.0

 (
4.

8)
0.

37
−

0.
06

C
at

eg
or

y 
Fl

ue
nc

y 
- 

V
eg

et
ab

le
s

10
.9

 (
3.

6)
10

.6
 (

3.
3)

0.
29

0.
09

B
os

to
n 

N
am

in
g 

T
es

t
25

.5
 (

4.
2)

25
.5

 (
4.

0)
0.

79
0.

00

L
og

ic
al

 M
em

or
y 

- 
Im

m
ed

ia
te

 R
ec

al
l

7.
4 

(3
.2

)
6.

8 
(3

.1
)

0.
09

0.
19

L
og

ic
al

 M
em

or
y 

- 
D

el
ay

ed
 R

ec
al

l
4.

1 
(2

.7
)

3.
6 

(2
.6

)
0.

08
0.

19

R
ey

 A
ud

ito
ry

 V
er

ba
l L

ea
rn

in
g 

T
es

t

 
T

ri
al

s 
1-

5 
T

ot
al

 L
ea

rn
in

g
31

.7
 (

9.
6)

29
.8

 (
8.

4)
0.

04
0.

11

 
L

ea
rn

in
g 

Sl
op

e
0.

9 
(0

.6
)

0.
8 

(0
.5

)
0.

11
0.

09

 
Im

m
ed

ia
te

 R
ec

al
l

4.
3 

(3
.4

)
3.

3 
(2

.8
)

0.
00

6
0.

16

 
D

el
ay

ed
 R

ec
al

l
3.

4 
(3

.6
)

2.
3 

(2
.9

)
0.

00
3

0.
17

 
D

el
ay

ed
 R

ec
og

ni
tio

n
10

.2
 (

3.
7)

9.
3 

(3
.5

)
0.

00
6

0.
14

N
eu

ro
im

ag
in

g 
O

ut
co

m
es

†
N

o 
C

om
pl

ai
nt

C
om

pl
ai

nt
p-

va
lu

e*
*

E
ff

ec
t 

Si
ze

§

J Alzheimers Dis. Author manuscript; available in PMC 2015 March 06.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Gifford et al. Page 15

N
o 

C
om

pl
ai

nt
C

om
pl

ai
nt

p-
va

lu
e*

*
E

ff
ec

t 
Si

ze
§

H
ip

po
ca

m
pa

l V
ol

um
e†

0.
41

 (
0.

08
)

0.
41

 (
0.

07
)

0.
93

0.
00

Pa
ra

hi
pp

oc
am

pa
l G

yr
us

 T
hi

ck
ne

ss
0.

24
 (

0.
04

)
0.

24
 (

0.
04

)
0.

15
0.

00

E
nt

or
hi

na
l C

or
te

x 
T

hi
ck

ne
ss

0.
20

 (
0.

05
)

0.
21

 (
0.

05
)

0.
29

−
0.

10

C
in

gu
la

te
 V

ol
um

e†
0.

48
 (

0.
04

)
0.

47
 (

0.
04

)
0.

75
0.

25

Fr
on

ta
l L

ob
e 

V
ol

um
e†

4.
14

 (
0.

27
)

4.
15

 (
0.

25
)

0.
71

−
0.

04

T
em

po
ra

l L
ob

e 
V

ol
um

e†
2.

43
 (

0.
17

)
2.

45
 (

0.
16

)
0.

15
−

0.
12

Pa
ri

et
al

 L
ob

e 
V

ol
um

e†
3.

04
 (

0.
21

)
3.

06
 (

0.
20

)
0.

54
−

0.
10

N
ot

e:
 D

at
a 

pr
es

en
te

d 
as

 m
ea

n 
(s

ta
nd

ar
d 

de
vi

at
io

n)
;

* hi
gh

er
 r

aw
 s

co
re

s 
re

pr
es

en
t w

or
se

 p
er

fo
rm

an
ce

;

ŧ m
ea

n 
fo

llo
w

-u
p 

in
te

rv
al

=
2.

8±
1.

2 
ye

ar
s;

† al
l v

ol
um

et
ri

c 
ne

ur
oi

m
ag

in
g 

va
ri

ab
le

s 
co

rr
ec

te
d 

fo
r 

in
tr

ac
ra

ni
al

 v
ol

um
e;

§ C
oh

en
’s

 d
;

**
ba

se
d 

on
 W

ilc
ox

on
 r

an
k-

su
m

 te
st

s 
fo

r 
co

nt
in

uo
us

 v
ar

ia
bl

es
 a

nd
 P

ea
rs

on
’s

 c
hi

-s
qu

ar
e 

fo
r 

ca
te

go
ri

ca
l v

ar
ia

bl
es

J Alzheimers Dis. Author manuscript; available in PMC 2015 March 06.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Gifford et al. Page 16

T
ab

le
 2

C
og

ni
tiv

e 
C

om
pl

ai
nt

 A
ss

oc
ia

tio
ns

 w
ith

 N
eu

ro
ps

yc
ho

lo
gi

ca
l a

nd
 N

eu
ro

im
ag

in
g 

V
ar

ia
bl

es

N
eu

ro
ps

yc
ho

lo
gi

ca
l O

ut
co

m
es

β 
C

oe
ff

ic
ie

nt
95

%
 C

I
p-

va
lu

e

D
ig

it 
Sy

m
bo

l C
od

in
g

0.
80

−
1.

33
, 2

.9
3

0.
46

T
ra

il 
M

ak
in

g 
T

es
t -

 P
ar

t A
†

−
2.

15
−

6.
69

, 2
.3

9
0.

35

T
ra

il 
M

ak
in

g 
T

es
t -

 P
ar

t B
†

−
7.

35
−

21
.6

6,
 6

.7
0

0.
34

D
ig

it 
Sp

an
 B

ac
kw

ar
d

0.
06

−
0.

34
, 0

.4
7

0.
76

C
at

eg
or

y 
Fl

ue
nc

y 
- 

A
ni

m
al

s
−

0.
13

−
1.

08
, 0

.8
1

0.
78

C
at

eg
or

y 
Fl

ue
nc

y 
- 

V
eg

et
ab

le
s

−
0.

52
−

1.
18

, 0
.1

5
0.

13

B
os

to
n 

N
am

in
g 

T
es

t
−

0.
32

−
1.

10
, 0

.4
5

0.
41

L
og

ic
al

 M
em

or
y 

- 
Im

m
ed

ia
te

 R
ec

al
l

−
0.

69
−

1.
28

, −
0.

11
0.

02

L
og

ic
al

 M
em

or
y 

- 
D

el
ay

ed
 R

ec
al

l
−

0.
47

−
0.

96
, 0

.0
2

0.
06

R
ey

 A
ud

ito
ry

 V
er

ba
l L

ea
rn

in
g 

T
es

t

 
T

ri
al

s 
1-

5 
T

ot
al

 L
ea

rn
in

g
−

2.
36

−
4.

03
, −

0.
69

0.
00

6

 
L

ea
rn

in
g 

Sl
op

e
−

0.
12

−
0.

23
, −

0.
01

0.
03

 
Im

m
ed

ia
te

 R
ec

al
l

−
1.

07
−

1.
68

, −
0.

46
<0

.0
01

*

 
D

el
ay

ed
 R

ec
al

l
−

1.
06

−
1.

70
, −

0.
42

0.
00

1*

 
D

el
ay

ed
 R

ec
og

ni
tio

n
−

0.
81

−
1.

53
, −

0.
10

0.
03

N
eu

ro
im

ag
in

g 
O

ut
co

m
es

‡
β 

C
oe

ff
ic

ie
nt

95
%

 C
I

p-
va

lu
e

H
ip

po
ca

m
pa

l V
ol

um
e‡

−
0.

01
−

0.
03

, 0
.0

0
0.

12

Pa
ra

hi
pp

oc
am

pa
l G

yr
us

 T
hi

ck
ne

ss
0.

00
−

0.
00

, 0
.0

1
0.

42

E
nt

or
hi

na
l C

or
te

x 
T

hi
ck

ne
ss

0.
00

−
0.

01
, 0

.0
1

0.
79

C
in

gu
la

te
 V

ol
um

e‡
−

0.
00

−
0.

01
, 0

.0
1

0.
81

Fr
on

ta
l L

ob
e 

V
ol

um
e‡

0.
02

−
0.

03
, 0

.0
8

0.
49

T
em

po
ra

l L
ob

e 
V

ol
um

e‡
0.

03
−

0.
01

, 0
.0

6
0.

16

Pa
ri

et
al

 L
ob

e 
V

ol
um

e‡
0.

03
−

0.
01

, 0
.0

8
0.

17

N
ot

e:
 C

I,
 c

on
fi

de
nc

e 
in

te
rv

al
;

* B
on

fe
rr

on
i c

or
re

ct
ed

 p
<

0.
00

22
;

J Alzheimers Dis. Author manuscript; available in PMC 2015 March 06.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Gifford et al. Page 17
† hi

gh
er

 r
aw

 s
co

re
s 

re
pr

es
en

t w
or

se
 p

er
fo

rm
an

ce
; r

ef
er

en
t i

s 
no

 c
og

ni
tiv

e 
co

m
pl

ai
nt

 g
ro

up
;

‡ al
l v

ol
um

et
ri

c 
ne

ur
oi

m
ag

in
g 

va
ri

ab
le

s 
co

rr
ec

te
d 

fo
r 

in
tr

ac
ra

ni
al

 v
ol

um
e;

 a
ll 

m
od

el
s 

ad
ju

st
ed

 f
or

 a
ge

, g
en

de
r,

 r
ac

e,
 e

du
ca

tio
n,

 M
in

i-
M

en
ta

l S
ta

te
 E

xa
m

in
at

io
n 

sc
or

e,
 G

er
ia

tr
ic

 D
ep

re
ss

io
n 

Sc
al

e 
sc

or
e,

 a
nd

 
A

PO
E

 s
ta

tu
s.

J Alzheimers Dis. Author manuscript; available in PMC 2015 March 06.


