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mDepartment of Radiology, Mayo Clinic, Rochester, MN, USA

Abstract

Background: Cognitive impairment (CI) is a key feature of late life depression (LLD), but the 

contribution of underlying neurodegenerative pathology remains unclear.

Objective: To evaluate cognitive dysfunction in LLD relative to a sample of nondepressed (ND) 

older adults with matched levels of memory impairment and amyloid-β(Aβ) burden.

Methods: Participants included 120 LLD and 240 ND older adults matched on age, education, 

sex, Mini-Mental State Exam, mild cognitive impairment diagnosis, and PET Aβ burden.

Results: LLD showed higher rates of impairment relative to ND with 54.6% of the LLD sample 

demonstrating impairment in at least one cognitive domain compared to 42.9% of controls (H= 

7.13, p = 0.008). LLD had poorer performance and higher rates of impairment on Rey Auditory 

Verbal Learning Test learning and memory compared to controls. In the overall sample, Aβ 
positivity was associated with worse performance on Logical Memory I (p = 0.044), Logical 

Memory II (p = 0.011), and Trail Making Test - B (p = 0.032), and APOE ε4 genotype was 

associated with worse performance on Logical Memory I (p = 0.022); these relationships did not 

differ between LLD and ND.

Conclusion: LLD showed higher rates of CI driven by focal deficits in verbal learning and 

memory. Alzheimer’s disease (AD) biomarkers were associated with worse performance on 

timed set-shifting and story learning and memory, and these relationships were not impacted by 

depression status. These findings suggest that AD may account for a portion of previously reported 

multi-domain CI in LLD and highlight the potential for AD to confound studies of cognition in 

LLD.
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INTRODUCTION

Late life depression (LLD) is a highly prevalent and disabling psychiatric disorder in older 

adults. Up to 5% of community-dwelling older adults meet criteria for major depressive 

disorder (MDD) and 8–16% report clinically significant depressive symptoms [1, 2]. LLD is 

associated with a host of negative outcomes in aging, including increased rates of cognitive 

impairment (CI), disability, incident dementia, suicide, and all-cause mortality [3–6]. CI has 

been identified as a key feature of LLD that contributes to increased functional disability 

and mental health care costs, poor treatment response and compliance, and higher rates 

of relapse [7–10]. Cognitive deficits in LLD have been reported in multiple domains, 

including executive functioning, information processing speed, episodic memory, language, 

and visuospatial skills [11]. However, determining the incidence of clinical CI in LLD is 

complicated by significant variability in methods of normative comparison and the complex 

relations between LLD and neurodegenerative diseases of aging, which both feature CI as 

a primary symptom. It remains unclear to what extend CI in LLD is related to underlying 

concurrent neurodegenerative pathologies.
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While previous studies have explored the pattern, course, and neural substrates of cognitive 

dysfunction in LLD, few have reported these findings using clinically meaningful thresholds 

for impairment or demographically corrected normative comparisons. Commonly cited 

estimates suggest that roughly 25–60% of individuals with LLD demonstrate impaired 

performance in at least one domain of cognitive functioning [12–15]. However, others 

have reported much lower estimates in the range of 0–7% [16, 17]. This variability in the 

literature may be accounted for, in part, by several methodological factors. There is a relative 

dearth of published studies that report rates of impairment using clinically meaningful 

thresholds. While most, if not all, widely cited manuscripts on cognitive dysfunction in LLD 

use the term “impairment,” most do not apply clinical standards for interpreting cognitive 

test performance as impaired based on normative comparison standards. Of the few studies 

that do utilize normative comparisons, there is significant variability in the threshold for 

clinical impairment, ranging from 1–2 standard deviations below the reference group mean 

[14–18]. Further, published impairment rates are based on relative comparison to healthy 

control samples, which are often small, poorly characterized, and free of common medical 

comorbidities that increase risk for CI. To our knowledge, there are no published rates of CI 

in LLD that utilize demographically corrected normative comparisons beyond age-adjusted 

scores, which are commonly used in clinical practice to account for variability in cognitive 

performance due to factors such as age, race/ethnicity, gender, and education. Additionally, 

no published studies of an LLD sample have applied regression-based norming procedures, 

which allow for more precise correction across multiple demographic factors relative to 

traditional norms [19].

Cognitive dysfunction in LLD often persists despite treatment and remission of other 

depressive symptoms, suggesting that observed impairments are more than simply state-

dependent effects of depression, but rather reflect multiple neurobiological pathways 

including cerebrovascular, inflammatory, and neurodegenerative etiologies [14, 20–22]. 

Prior research examining determinants of cognitive dysfunction in LLD has focused largely 

on vascular [23] and inflammatory pathways [24], while relatively less is known about the 

contribution of APOE ε4 genotype and cerebral amyloid-β (Aβ) deposition, two widely 

recognized Alzheimer’s disease (AD) biomarkers that are associated with increased CI and 

decline in non-demented older adults [25, 26]. APOE ε4 genotype and Aβ positivity are 

estimated to be present in up to 30% [27] and 30–43% [28, 29] of cognitively normal older 

adults depending on age, respectively, and the relationships among APOE, Aβ burden, and 

cognitive dysfunction may not be apparent early in the course of AD pathological changes. 

Thus, a significant proportion of cognitively normal older adults with and without LLD 

likely have undetected elevated risk for CI and future decline due to AD risk factors, which 

are not routinely accounted for in studies of cognitive functioning in LLD.

The full impact of APOE and Aβ on CI in LLD is further obscured by the use of cognitively 

normal nondepressed (ND) comparison groups in the existing literature [30–32]. Given that 

up to 48% of LLD samples meet criteria for mild cognitive impairment (MCI), typically 

based on the presence of memory impairment, mild functional difficulties, and preserved 

global cognition [18], this approach limits our understanding of how AD risk and other 

age-related neurologic changes (e.g., white matter hyperintensities, cerebral atrophy) may 

contribute to CI in LLD samples. In the absence of comparison groups with equivalent levels 

Rhodes et al. Page 3

J Alzheimers Dis. Author manuscript; available in PMC 2022 March 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



of global cognitive functioning and MCI diagnosis, it is difficult to determine the degree to 

which previously described patterns of CI in LLD could be accounted for by AD pathology. 

Instead, comparison of individuals with LLD to a ND normal control sample with equivalent 

rates of MCI and levels of global cognitive functioning allows for more precise assessment 

of factors that contribute to CI in LLD and ND older adults.

The current study was conducted with two primary aims. The first aim was to assess the 

specific profile and rates of neuropsychological impairment in LLD relative to ND controls 

using regression-based demographically corrected norms and a clinically meaningful cutoff 

for impairment. We hypothesized that, in a sample matched on key demographic (age, sex, 

education) and clinical characteristics (MCI status, global cognition, and Aβ positivity), 

LLD participants would demonstrate a greater proportion of impairment overall and higher 

rates of impaired performance on tasks of executive functioning, information processing 

speed, and episodic memory relative to ND participants. The second aim was to assess 

the relative contributions of Aβ burden and APOE ε4 genotype on cognitive performance 

using a well-characterized sample of LLD and participants without LLD matched on 

key demographic and clinical characteristics, including MCI status and global cognitive 

functioning. We hypothesized that higher Aβ burden and APOE ε4 genotype would be 

associated with poorer performance on measures of global cognition and episodic memory 

in the overall sample.

METHODS

Participants

Participants included 120 older adults with clinician-diagnosed MDD enrolled in the 

Alzheimer’s Disease Neuroimaging Initiative - Depression (ADNI-D; ida.loni.usc.edu/

login.jsp?project=ADNID) project and 240 non-depressed individuals participating in the 

Alzheimer’s Disease Neuroimaging Initiative (ADNI) study. The ADNI-D project was 

launched in 2013, led by Principal Investigator R. Scott Mackin, Ph.D. The primary goal 

of ADNI Depression is to characterize the mechanisms contributing to CI and accelerated 

cognitive decline in LLD. The ADNI was launched in 2003 as a public-private partnership, 

led by Principal Investigator Michael W. Weiner, MD. The primary goal of ADNI has been 

to test whether serial magnetic resonance imaging (MRI), positron emission tomography 

(PET), other biological markers, and clinical and neuropsychological assessment can be 

combined to measure the progression of MCI and early AD.

The ND sample was matched two-to-one based on age, sex, education, Aβ positivity, Mini-

Mental State Exam (MMSE), and MCI status (cognitively normal versus MCI). MCI status 

was defined by ADNI criteria described below. All participants provided written informed 

consent upon their enrollment in the study. The study was conducted in accordance with the 

Declaration of Helsinki for protection of human subjects, with procedures approved by the 

institutional review boards of each study site (University of California, San Francisco and 

University of Pittsburgh).

For LLD participants, inclusion criteria included current diagnosis of MDD, unipolar 

type, without psychotic features, with reported symptom severity of≥ 15 on the 17-item 
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HDRS [33], and current episode lasting at least six weeks. Diagnoses of MDD were 

made by a licensed clinical psychologist using the Structured Clinical Interview (SCID) 

for the Diagnostic and Statistical Manual of Mental Disorders - IV [34], with allowable 

comorbidities of Generalized Anxiety Disorder or simple phobia. Other Axis I disorders 

or significant current neurologic illness such as epilepsy, Parkinson’s disease, traumatic 

brain injury, or cortical stroke, excluded individuals from participation. Those with evidence 

of dementia (< 25 on the MMSE) were excluded from participation as well. If inclusion 

criteria for the study were met, and consent was given, participants underwent a blood draw 

for DNA and RNA banking (with APOE genotyping), MRI imaging, and florbetapir PET 

imaging.

For the ND comparison group, data for the current study was obtained from the ADNI 

database. The ADNI study is conducted in accordance with the Declaration of Helsinki 

and procedures were approved by the institutional review boards of all participating sites. 

All participants provided written informed consent at enrollment. Exclusion criteria at 

baseline included: 1) the presence of MDD or significant symptoms of depression (Geriatric 

Depression Scale 15-Item score > 6) within the past year; 2) modified Hachinski ischemia 

score > 5; 3) significant neurological or psychiatric illness; 4) high dose of neuroleptics or 

chronic sedatives or hypnotics, antiparkinsonian medication, and use of narcotic analgesics. 

A lifetime history of depression (i.e., more than one year prior to enrollment) was not 

exclusionary. Criteria for cognitively normal participants included a MMSE > 24, Global 

Clinical Dementia Rating Scale (CDR) score = 0.0, and no evidence of memory impairment 

based on WMS-R Logical Memory II raw score adjusted for education. Clinician-rated MCI 

criteria for ND and LLD participants included a MMSE > 24, a Global CDR score of 

0.5, and scoring below an education-adjusted cutoff score on WMS-R Logical Memory II 

Story A [35]. All ND participants were selected from the ADNI-2 dataset, which further 

delineated early (EMCI) from late MCI (LMCI) based on memory scores. For the purposes 

of this study, all MCI participants met criteria for ADNI-2 LMCI (Logical Memory II 

cutoff = 8 for those with = 16 years of education; cutoff = 4 for those with 8–15 years of 

education; cutoff = 2 for those with 0–7 years of education). Clinician-rated MCI subtype 

(amnestic versus non-amnestic) was also obtained from the ADNI dataset and was based on 

the presence or absence of memory impairment [36].

Procedures

After an initial screening phone interview where inclusion criteria were assessed and 

demographic data obtained, eligible LLD participants were referred to their nearest ADNI 

clinic—either University of Pittsburgh Medical Center or University of California San 

Francisco, Mission Bay, where they underwent core ADNI study protocol (including some 

cognitive tests, a physical, blood draw for DNA and RNA, and MRI and PET imaging). 

Measures of cognitive functioning, and neuroimaging were obtained in a single, baseline 

assessment period for all participants. After completing the core ADNI protocol, LLD 

participants were assessed at an affiliated psychiatry site, either at the University of 

Pittsburgh or the University of California San Francisco, Parnassus campus, for additional 

clinical assessment.
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Regression based normative procedures

The core ADNI study protocol includes a comprehensive battery of neuropsychological 

assessments described below. Raw scores from primary outcome variables for each 

neuropsychological test were regressed on age, sex, education, and race to create 

demographically corrected scores using an independent sample of baseline data from 

cognitively normal ADNI participants (n = 821). The normative sample was 56% female, 

89.4% Caucasian, and had an average age of 72.91 and 16.54 years of education. Of 

the 550 participants with available PET imaging, 36.9% were Aβ positive. Of the 753 

participants with APOE genotyping, 30.4% were E4 carriers. Because a small proportion 

of the sample was non-white, all other racial/ethnic categories were combined (n = 87) to 

create a dichotomous variable (i.e., white versus non-white). Impairment was defined as 

> 1.5 standard deviations below the estimated average score of cognitively normal ADNI 

participants (i.e., below the 7th percentile). This threshold for impairment was selected in 

accordance with guidelines for labeling of performance test scores put forth by the American 

Academy of Clinical Neuropsychology [37].

Measures

Global cognition—Global cognitive functioning was assessed using the Alzheimer’s 

Disease Assessment Scale-Cognitive Subscale (ADAS-Cog). The ADAS-Cog consists of 

13 subtests designed to measure cognitive dysfunctions characteristic of AD, including 

delayed word recall, following commands, constructional praxis, naming, ideational praxis, 

orientation, word recognition, auditory comprehension, word finding ability, and spoken 

language ability [38]. The primary outcome variable was the ADAS-Cog total score, which 

ranges from 0–85 with each point representing a performance error and lower scores 

reflecting better performance.

Memory—Verbal learning and memory were assessed using the Wechsler Memory Scale 

- Revised (WMS-R) and the Rey Auditory Verbal Learning Test (AVLT). The Logical 

Memory test was used to assess learning and memory for stories, with number of story 

elements recalled immediately following presentation (Logical Memory I) and after a 30 

min delay (Logical Memory II) as the outcome measures [39]. The AVLT assesses learning 

and memory for a 15-item word list presented across five learning trials [40]. AVLT outcome 

variables included the sum of immediate recall for learning trials, immediate recall, and 

recall of the target list following a 30 min delay.

Language—Language was assessed using the Boston Naming Test (BNT) and the 

Category Fluency Test. The BNT is a measure of visual confrontation naming, with total 

number correct as the outcome variable [41]. Semantic fluency was assessed using the 

Category Fluency Test (Animals), with the total number of correct items generated as the 

outcome variable [42].

Attention/processing speed/executive functioning—Attention and psychomotor 

processing speed were assessed using the Trail Making Test - Part A. Executive functioning 

was assessed using the Trail Making Test - Part B and letter fluency. The Trail Making Test - 

Part B measures rapid set-shifting, with time to completion as the outcome variable [43].
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Depression severity and history—Severity of depression symptoms at baseline was 

assessed using the 15-item Geriatric Depression Scale [44]. Depression history was 

collected with a self-reported retrospective measure that was verified in clinic with 

research coordinators. Lengths of individual depressive episodes were coded in months. 

The depression history retrospective measure was developed utilizing the basic structure of 

NIMH’s life-chart method [45].

Amyloid burden—All participants underwent florbetapir PET amyloid imaging as 

described previously [46]. Four 5 min frames were acquired at 50–70 min postinjection. 

Florbetapir images were coregistered to a concurrently acquired structural MRI scan. 

Regional and cortical summary standard uptake value ratios (SUVRs) were calculated 

using anatomical regions defined in FreeSurfer 5.3 [47]. The cortical summary SUVR 

was a composite of frontal, cingulate, temporal, and parietal regions relative to the whole 

cerebellum. Aβ positivity was defined as SUVR > 1.11 [48].

APOE ε4 genotype—For the purpose of this study, genotype was analyzed as a 

dichotomous variable defined as presence or absence of 3/4 or 4/4 genotypes, referred to 

as ε4 allele, commonly associated with increased AD risk [49].

Statistical analysis—Demographic and clinical features of LLD and ND groups 

were compared using Wilcoxon rank sum tests for continuous demographic and clinical 

characteristics and Fisher’s Exact test for categorical variables. To evaluate cognitive 

functioning between the two groups linear regression models were estimated and tested. 

Model fits were evaluated through analysis of the residuals. Skewed measures were log 

transformed (Trail Making Test - Part A, B). Linear regression models were used to model 

factors associated with cognitive performance. These factors included age, education, sex, 

MCI status (i.e., MCI versus cognitively normal based on ADNI criteria), Aβ burden, 

APOE status, depression severity, and global cognition. p-values were adjusted for multiple 

comparisons with a Holm correction [50] with a p-value of < 0.05 considered statistically 

significant. Analyses were conducted using R [51].

RESULTS

Demographic and clinical characteristics

The mean age for the overall sample was 71.15 (SD = 6.13), the mean level of education 

was 16.43 (SD = 2.31), and the mean total MMSE score was 29.04 (SD = 1.15). The overall 

sample was 65.6% female and 90.0% Caucasian. Twenty percent of the overall sample was 

Aβ positive using a cutoff of 1.11 SUVR, 28.7% were APOE ε4+, and 33.6% met criteria 

for MCI. The ND group had a higher proportion of amnestic MCI (97.5%) compared to 

the LLD group (39.6%, p < 0.001). The LLD group had higher total CDR (p = 0.001) and 

reported more depressive symptoms on the GDS (p = 0.001) compared to the ND control 

group. The study groups did not differ on any other demographic or clinical characteristics 

(see Table 1).

With regard to group comparisons of raw cognitive performance, the LLD group performed 

significantly worse on measures on AVLT learning (t = −4.06., p = 0.001) and immediate 
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recall (AVLT Immediate Recall, t = −2.90, p = 0.040). Raw performance on TMT-B 

and AVLT Delayed Recall were numerically lower in the LLD group, though these 

effects did not differ after correction for multiple comparisons. Raw performance on other 

neuropsychological tests did not differ between groups (see Table 2).

Rates of impairment using normative comparison

When CI was examined as a categorical variable (i.e., percentage of individuals falling at 

or below the 7th percentile for each measure), 56.4% of the LLD group was impaired on 

at least one cognitive domain compared to 42.9% of the ND group. The distribution of CI 

differed between groups, with a greater proportion of the LLD group impaired on more 

domains compared to the ND control group (H = 7.13, p = 0.008). A significantly greater 

proportion of the LLD group was impaired relative to ND controls on AVLT Learning 

(21.8% versus 11.2%, p = 0.006), AVLT Immediate Recall (19.5% versus 8.4%, p = 0.003), 

and AVLT Delayed Recall (17.8% versus 9.6%, p = 0.023, see Fig. 1). Rates of impairment 

did not differ between groups on any other measures (all ps > 0.05).

Contribution of amyloid and APOE

Multiple linear regressions models were used to assess the impact of APOE genotype and 

Aβ burden on neuropsychological test performance in the whole sample (Table 3). After 

accounting for relevant demographic (age, sex, education) and clinical characteristics (MCI 

diagnosis, MMSE, depression severity), Aβ SUVR was associated with poorer performance 

on Logical Memory I (β = −3.55, S.E. = 0.18, t = −2.02, p = 0.044), Logical Memory II, 

(β = −0.50, S.E. = 0.19, t = −2.57, p = 0.011), and Trail Making Test - Part B (β = 0.05, 

S.E. = 0.02, t = 2.15, p = 0.032), while APOE genotype was associated only with poorer 

performance on Logical Memory I (β = −0.92, S.E. = 0.40, t = −2.30, p = 0.022). The 

relationship of Aβ, APOE, and these cognitive measures did not differ between LLD and 

ND groups. There was no difference in overall rate of CI between Aβ positive and APOE ε4 

positive LLD participants compared to biomarker negative LLD participants (all ps > 0.05).

DISCUSSION

The present study was conducted to determine the incidence of CI in LLD using regression-

based demographically corrected norms, as well as to assess the impact of Aβ burden and 

APOE genotype on cognitive functioning in a sample of individuals with LLD and ND 

controls matched on key clinical and demographic variables. Our results showed that, after 

matching for AD risk factors and global cognitive status, 54.6% of the LLD sample and 

42.9% of the ND control sample demonstrated impairment in at least one cognitive domain. 

We found that LLD was associated with focal deficits in list learning and memory relative 

to nondepressed controls, and that increased Aβ burden and APOE ε4 carrier status were 

independently associated with poorer cognitive functioning on tests of story learning and 

memory and rapid set shifting in the sample as a whole, but these relationships did not differ 

for LLD and ND participants. Each of these results will be discussed below.

Our finding that 56.4% of the LLD group demonstrated CI is ostensibly consistent with 

the extant literature, though it should be noted that our threshold for impairment was more 
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conservative (i.e., performance < 7th percentile) than that used in widely-cited estimates 

(< 10th percentile) [12, 14]. This result is important for several reasons. First, to our 

knowledge, this is the first study to use regression based, demographically corrected norms 

to classify CI in LLD. While others have established impairment in LLD participants 

via relative comparisons to standard scores derived from performance of healthy control 

participants [12, 14–17], this approach is vulnerable to confounding effects of uncontrolled 

or unknown demographic and clinical factors in the comparison sample. Thus, while the rate 

of impairment we report is consistent with previous studies, our findings suggest that using 

traditional metrics of control group performance as the standard for relative comparison may 

result in artificially inflated impairment rates. Second, our results demonstrate that, when 

matched on key demographic and clinical variables, over 40% of the ND control group also 

showed clinically meaningful CI in at least one domain. This is likely driven, in part, by 

AD biomarkers, as nearly 35% of our ND control group met criteria for MCI, 20% were 

Aβ positive, and 30% were APOE positive. Taken together, these findings illustrate how 

defining CI relative to a limited sample of healthy control participants may misrepresent the 

true incidence of CI in LLD, especially when neurodegenerative disease burden is unknown.

When comparing rates of impairment across neuropsychological tasks using regression-

based norms we found that individuals with LLD showed greater rates of impaired 

performance on learning, immediate recall, and delayed recall trials for a word list 

episodic memory task (AVLT Trials 1–5, Immediate Recall & Delayed Recall) compared 

to ND participants. For each of these metrics the rate of impairment was approximately 

twice as high in the LLD group relative to the ND group even after matching for MCI 

status and overall cognitive functioning. These results highlight a particularly salient 

dysexecutive learning process in LLD characterized by inefficient learning that negatively 

impacts performance on subsequent memory trials. In contrast, when comparing cognitive 

performance using raw scores without regression-based normative correction, individuals 

with LLD showed worse performance on learning and immediate memory only (AVLT 

Trials 1–5 & Immediate Recall), suggesting that reliance on scores that are not corrected 

for demographic variables to characterize cognitive dysfunction may obscure clinically 

meaningful memory impairment unique to LLD. Contrary to our hypothesis, we did not 

find evidence for reduced performance or increased CI in the LLD group on standalone 

measures of executive functioning or information processing speed, which are thought to 

represent core features of cognitive dysfunction in LLD [12, 52, 53], though there was 

indirect evidence of a dysexecutive memory profile. Given that our sample was uniquely 

matched on multiple AD risk factors, these more focal findings suggest that early effects of 

AD pathology may account for some previously described multi-domain cognitive deficits in 

LLD.

With regard to the contribution of AD biomarkers to cognitive performance in the whole 

sample, we found that Aβ SUVR predicted worse performance on measures of story 

learning and memory (LM I & II) and rapid set-shifting (TMT-B). APOE ε4 carrier 

status was significantly associated with worse performance solely on story learning (LM 

I). These findings are consistent with existing literature showing associations between 

Aβ, APOE, and measures of episodic memory in nondemented older adults [26, 27] and 

highlight the importance of accounting for the impact of AD biomarkers when evaluating 
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aging populations, even in samples that are largely cognitively intact. Given that APOE 
ε4 genotype is present in 30% of nondemented older adults depending on age and Aβ 
status [27] and Aβ burden increases with age, with up to 60% of adults over the age of 85 

meeting criteria for Aβ positivity [54], there is potential for AD to function as a significant 

confounding factor in geriatric psychiatry research samples. Though the relation of Aβ 
SUVR and TMT-B performance was unexpected in a sample that was largely cognitively 

normal, it is consistent with the executive dysfunction commonly present in clinical AD and 

may reflect early cognitive changes secondary to elevated AD pathology. We also report 

that the relationship of Aβ and cognitive dysfunction did not differ between depressed and 

non-depressed older adults. This importantly suggests that elevated rates of CI in LLD are 

independent of Aβ deposition.

Participants in our analyses were matched on global measures of cognition and proportion 

of MCI with the intent to make the most conservative comparison of specific CI and 

relationship of Aβ to cognition. While we recognize that matching the groups on MCI 

impacts our ability to detect memory differences between these groups, particularly on the 

Logical Memory subtest, we did report more impairment in LLD on a test of list learning. 

We interpret these results to largely reflect an impaired learning process in earlier trials 

demonstrated by the LLD group that may be more evident in list learning paradigms than 

for story learning. However, we acknowledge that based on our matching criteria a similar 

deficit in Logical Memory may have been obscured. Additionally, we found that in the ND 

sample, clinician diagnosed MCI was more likely to be rated as amnestic than in the ADNI-

D sample despite identical criteria for MCI diagnosis. In the ADNI, the MCI participants are 

almost always rated as amnestic, in part because the ADNI was designed to capture memory 

impairment characteristic of early AD, as opposed to other cognitive phenotypes (e.g., 

dysexecutive, multi-domain). However, as our results show, multi-domain and non-amnestic 

MCI were present in the ADNI ND sample but not captured by clinician rating. Even in 

participants categorized as cognitively normal by ADNI criteria, there is still significant CI 

in non-memory domains. These findings highlight the high degree of variability in clinician 

ratings of MCI, even when following established diagnostic criteria, which has the potential 

to negatively impact studies of aging and cognition. Given evidence from prior studies 

showing improved sensitivity. specificity, validity, and reliability of more comprehensive 

neuropsychological diagnostic methods with actuarial decision-making relative to ADNI 

MCI criteria [55–57], future research is warranted to examine the potential impact of MCI 

diagnostic criteria on geriatric psychiatry research.

Though these results are robust, there are some limitations to state. The cross-sectional 

nature of the data makes it impossible to speculate about longitudinal change. For example, 

this highly educated sample may have already experienced cognitive decline but remains 

within a normative range thus appearing unimpaired. The cross-sectional design also 

is uninformative with respect to future cognitive decline in either group. Further, it is 

possible that the relative contribution of AD risk to CI in this sample will increase over 

time as underlying neurodegenerative processes progress. Thus, it will be important for 

future research to examine longitudinal trajectories of cognitive change in LLD. Although 

matching on key demographic and clinical variables is considered a strength of this study, 

matching on MMSE and MCI status, which is based in part on memory performance, 
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may have obscured or minimized memory impairments secondary to LLD. Linally, our 

study sample and normative reference sample were both highly educated and predominantly 

Caucasian, which limits the generalizability of our findings to racial/ethnic minorities and 

individuals with lower levels of education. Ideally, a normative reference sample would 

include equal proportions of representation across all levels and categories of variability;: 

however, we were restricted to broader, less specific categories (e.g., white/non-white) due 

to limited representation in low education and racial minority groups.

To our knowledge this is the first study to assess rates of neuropsychological impairment in 

LLD relative to ND controls using regression-based demographically corrected norms and 

first to investigate the impact of in vivo Aβ burden and APOE on cognitive functioning in a 

large sample of clinically depressed and ND older adults matched on key demographic and 

clinical variables, including AD biomarkers. When controlling for AD biomarkers, LLD was 

associated with a ~30% higher rate of CI relative to ND participants. Though the overall 

rate of CI in LLD was consistent with previous findings, our results suggest that the profile 

of LLD neurocognitive dysfunction may be more focal than previously reported. We found 

increased rates of impairment on measures of list learning and memory that support a pattern 

of memory impairment in LLD primarily characterized by a dysexecutive, retrievalbased 

memory profile. However, we acknowledge that controlling for MCI and controlling for 

multiple comparisons may have limited the results to the most prominent differences.

Our results also highlight the confounding role of AD processes in cognitive functioning in 

LLD, which have not been well characterized in prior studies and may account for more 

diffuse patterns of impairment reported in the extant literature. Our findings underscore the 

potential for AD risk to impact results of clinical trials in LLD and other geriatric psychiatry 

research examining cognition as an outcome. Collectively, these findings offer important 

clarification on the relative contributions of depression, Aβ burden, and APOE genotype to 

CI in nondemented older adults and serve as an important step in disambiguating the role of 

AD as a confound in the assessment of CI in LLD.

ACKNOWLEDGMENTS

We acknowledge Avid Radiopharmaceuticals for providing Florbetapir for this study.

This research was also supported in part by the Ray and Dagmar Dolby Family Fund.

Data collection and sharing for the ADNI Depression Project was funded by the National Institute of Mental Health 
(NIMHR01MH098062–01 Al), and through contributions from Eli Lilly and Company. The grantee organization is 
the University of California, San Francisco, and the study is coordinated by the Alzheimer’s Therapeutic Research 
Institute at the University of Southern California. ADNI Depression data are disseminated by the Laboratory for 
Neuro Imaging at the University of Southern California.

Data collection and sharing for this project was funded by the Alzheimer’s Disease Neuroimaging Initiative 
(ADNI) (National Institutes of Health Grant U01 AG024904) and DOD ADNI (Department of Defense award 
number W81XWH-12–2-0012). ADNI is funded by the National Institute on Aging, the National Institute 
of Biomedical Imaging and Bioengineering, and through generous contributions from the following: AbbVie, 
Alzheimer’s Association; Alzheimer’s Drug Discovery Foundation; Araclon Biotech; BioClinica, Inc.; Biogen; 
BristolMyers Squibb Company; CereSpir, Inc.; Cogstate; Eisai Inc.; Elan Pharmaceuticals, Inc.; Eli Lilly and 
Company; EuroImmun; F. Hoffmann-La Roche Ltd and its affiliated company Genentech, Inc.;Fujirebiog GE 
Healthcare; IXICO Ltd.; Janssen Alzheimer Immunotherapy Research & Development, LLC.; Johnson & Johnson 
Pharmaceutical Research & Development LLC.; Lumosity; Lundbeck; Merck & Co., Inc.; Meso Scale Diagnostics, 
LLC.; NeuroRx Research; Neurotrack Technologies; Novartis Pharmaceuticals Corporation; Pfizer Inc.; Piramal 

Rhodes et al. Page 11

J Alzheimers Dis. Author manuscript; available in PMC 2022 March 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Imaging; Servier; Takeda Pharmaceutical Company; and Transition Therapeutics. 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 (http://www.fnih.org). The grantee organization is the Northern 
California Institute for Research and Education, and the study is coordinated by the Alzheimer’s Therapeutic 
Research Institute at the University of Southern California. ADNI data are disseminated by the Laboratory for 
Neuro Imaging at the University of Southern California.

REFERENCES

[1]. Blazer DG (2003) Depression in late life: Review and commentary. J Gerontol A Biol Sci Med Sci 
58, M249–M265.

[2]. Steffens DC, Fisher GG, Langa KM, Potter GG, Plassman BL (2009) Prevalence of depression 
among older Americans: The Aging, Demographics and Memory Study. Int Psychogeriatr 21, 
879–888. [PubMed: 19519984] 

[3]. Gabryelewicz T, Styczynska M, Luczywek E, Barczak A, Pfeffer A, Androsiuk W, Chodakowska-
Zebrowska M, Wasiak B, Peplonska B, Barcikowska M (2007) The rate of conversion of mild 
cognitive impairment to dementia: Predictive role of depression. Int J Geriatr Psychiatry 22, 
563–567. [PubMed: 17136705] 

[4]. Byers AL, Yaffe K (2011) Depression and risk of developing dementia. Nat Rev Neurol 7, 323–
331. [PubMed: 21537355] 

[5]. Beekman AT, Penninx BW, Deeg DJ, de Beurs E, Geerling SW, van Tilburg W (2002) The impact 
of depression on the well-being, disability and use of services in older adults: A longitudinal 
perspective. Acta Psychiatr Scand 105, 20–27. [PubMed: 12086221] 

[6]. Bruce ML, Ten Have TR, Reynolds CF 3rd, Katz Schulberg H C II, Mulsant BH, Brown GK, 
McAvay GJ, Pearson JL, Alexopoulos GS (2004) Reducing suicidal ideation and depressive 
symptoms in depressed older primary care patients: A randomized controlled trial. JAMA 291, 
10811091. [PubMed: 14996777] 

[7]. Alexopoulos GS (2005) Depression in the elderly. Lancet 365, 1961–1970. [PubMed: 15936426] 

[8]. Alexopoulos GS, Meyers BS, Young RC, Kalayam B, Kakuma T, Gabrielle M, Sirey JA, Hull 
J (2000) Executive dysfunction and long-term outcomes of geriatric depression. Arch Gen 
Psychiatry 57, 285–290. [PubMed: 10711915] 

[9]. Kiosses DN, Klimstra S, Murphy C, Alexopoulos GS (2001) Executive dysfunction and disability 
in elderly patients with major depression. Am J Geriatr Psychiatry 9, 269–274. [PubMed: 
11481135] 

[10]. Mackin RS, Delucchi KL, Bennett RW, Areán PA (2011) The effect of cognitive impairment on 
mental healthcare costs for individuals with severe psychiatric illness. Am J Geriatr Psychiatry 
19, 176–184. [PubMed: 20808129] 

[11]. Koenig AM, Bhalla RK, Butters MA (2014) Cognitive functioning and late-life depression. J Int 
Neuropsychol Soc 20, 461–467. [PubMed: 24685173] 

[12]. Butters MA, Whyte EM, Nebes RD, Begley AE, Dew MA, Mulsant BH, Zmuda MD, Bhalla 
R, Meltzer CC, Pollock BG, Reynolds CF 3rd, Becker JT (2004) The nature and determinants 
of neuropsychological functioning in late-life depression. Arch Gen Psychiatry 61, 587–595. 
[PubMed: 15184238] 

[13]. Arve S, Tilvis RS, Lehtonen A, Valvanne J, Sairanen S (1999) Coexistence of lowered mood and 
cognitive impairment of elderly people in five birth cohorts. Aging Clin Exp Res 11,90–95.

[14]. Bhalla RK, Butters MA, Mulsant BH, Begley AE, Zmuda MD, Schoderbek B, Pollock BG, 
Reynolds CF, Becker JT (2006) Persistence of neuropsychologic deficits in the remitted state of 
late-life depression. Am J Geriatr Psychiatry 14, 419–427. [PubMed: 16670246] 

[15]. Kohler S, Thomas AJ, Barnett NA, O’Brien JT (2010) The pattern and course of cognitive 
impairment in late-life depression. Psychol Med 40. 591–602. [PubMed: 19656429] 

[16]. Boone KB, Lesser IM, Miller BL, Wohl M, Berman N, Lee A, Palmer B, Back C (1995) 
Cognitive functioning in older depressed outpatients: Relationship of presence and severity of 
depression to neuropsychological test scores. Neuropsychology 9, 390–398.

Rhodes et al. Page 12

J Alzheimers Dis. Author manuscript; available in PMC 2022 March 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.fnih.org/


[17]. Lesser IM, Boone KB, Mehringer CM, Wohl MA, Miller BL, Berman NG (1996) Cognition 
and white matter hyperintensities in older depressed patients. Am J Psychiatry 153, 1280–1287. 
[PubMed: 8831435] 

[18]. Bhalla RK, Butters MA, Becker JT, Houck PR, Snitz BE, Lopez OL, Aizenstein HJ, Raina KD, 
DeKosky ST, Reynolds CF 3rd (2009) Patterns of mild cognitive impairment after treatment of 
depression in the elderly. Am J Geriatr Psychiatry 17, 308–316. [PubMed: 19307859] 

[19]. Heaton RK, Avitable N, Grant I, Matthews CG (1999) Further crossvalidation of regression-
based neuropsychological norms with an update for the Boston Naming Test. J Clin Exp 
Neuropsychol 21, 572–582. [PubMed: 10550815] 

[20]. Butters MA, Becker JT, Nebes RD, Zmuda MD, Mulsant BH, Pollock BG, Reynolds CF (2000) 
Changes in cognitive functioning following treatment of late-life depression. Am J Psychiatry 
157, 1949–1954. [PubMed: 11097959] 

[21]. Lee JS, Potter GG, Wagner HR, Welsh-Bohmer KA, Steffens DC (2007) Persistent mild 
cognitive impairment in geriatric depression. Int Psychogeriatr 19, 125–135. [PubMed: 
16834811] 

[22]. Reynolds CF 3rd, Butters MA, Lopez O, Pollock BG, Dew MA, Mulsant BH, Lenze EJ, 
Holm M, Rogers JC, Mazumdar S, Houck PR, Begley A, Anderson S, Karp JF, Miller MD, 
Whyte EM, Stack J, Gildengers A, Szanto K, Bensasi S, Kaufer DI, Kamboh MI, DeKosky 
ST (2011) Maintenance treatment of depression in old age: A randomized, double-blind, placebo-
controlled evaluation of the efficacy and safety of donepezil combined with antidepressant 
pharmacotherapy. Arch Gen Psychiatry 68, 51–60. [PubMed: 21199965] 

[23]. Alexopoulos GS, Meyers BS, Young RC, Campbell S, Silbersweig D, Charlson M (1997) 
‘Vascular depression’ hypothesis. Arch Gen Psychiatry 54, 915–922. [PubMed: 9337771] 

[24]. Valkanova V, Ebmeier KP, Allan CL (2013) CRP, IL-6 and depression: A systematic review and 
meta-analysis of longitudinal studies. J Affect Disord 150, 736–744. [PubMed: 23870425] 

[25]. Reas ET, Laughlin GA, Bergstrom J, Kritz-Silverstein D, Barrett-Connor E, McEvoy LK (2019) 
Effects of APOE on cognitive aging in community-dwelling older adults. Neuropsychology 33, 
406–416. [PubMed: 30730162] 

[26]. Small BJ, Rosnick CB, Fratiglioni L, Bäckman L (2004) Apolipoprotein E and cognitive 
performance: A meta-analysis. Psychol Aging 19, 592–600. [PubMed: 15584785] 

[27]. Mattsson N, Groot C, Jansen WJ, Landau SM, Villemagne VL, Engelborghs S, Mintun MM, 
Lleo A, Molinuevo JL, Jagust WJ, Frisoni GB, Ivanoiu A, Chételat G, Resende de Oliveira C, 
Rodrigue KM, Kornhuber J, Wallin A, Klimkowicz-Mrowiec A, Kandimalla R, Popp J, Aalten 
PP, Aarsland D, Alcolea D, Almdahl IS, Baldeiras I, van Buchem MA, Cavedo E, Chen K. 
Cohen AD, Förster S, Fortea J, Frederiksen KS, Freund-Levi Y, Gill KD, Gkatzima O, Grimmer 
T, Hampel H, Herukka S-K, Johannsen P, van Laere K, de Leon MJ, Maier W, Marcusson J, 
Meulenbroek O, Møllergård HM, Morris JC, Mroczko B, Nordlund A, Prabhakar S, Peters O, 
Rami L, Rodríguez-Rodríguez E, Roe CM, Rüther E, Santana I, Schröder J, Seo SW, Soininen 
H, Spiru L, Stomrud E, Struyfs H, Teunissen CE, Verhey FRJ, Vos SJB, van Waalwijk van Doorn 
LJC, Waldemar G, Wallin Åk, Wiltfang J, Vandenberghe R, Brooks DJ, Fladby T, Rowe CC, 
Drzezga A, Verbeek MM, Sarazin M, Wolk DA, Fleisher AS, Klunk WE, Na DL, Sánchez-Juan 
P, Lee DY, Nordberg A, Tsolaki M, Camus V, Rinne JO, Fagan AM, Zetterberg H, Blennow 
K, Rabinovici GD, Hansson O, van Berckel BNM, van der Flier WM, Scheltens P, Visser PJ, 
Ossenkoppele R (2018) Prevalence of the apolipoprotein E ε4 allele in amyloid (β positive 
subjects across the spectrum of Alzheimer's disease. Alzheimers Dement 14, 913–924. [PubMed: 
29601787] 

[28]. Michaelson DM (2014) APOE epsilon4: The most prevalent yet understudied risk factor for 
Alzheimer's disease. Alzheimers Dement 10, 861–868. [PubMed: 25217293] 

[29]. Petersen RC, Wiste HJ, Weigand SD, Rocca WA, Roberts RO, Mielke MM, Lowe VJ, Knopman 
DS, Pankratz VS, Machulda MM, Geda YE, Jack CR Jr (2016) Association of elevated amyloid 
levels with cognition and biomarkers in cognitively normal people from the community. JAMA 
Neurol 73, 85–92. [PubMed: 26595683] 

[30]. Kumar A, Kepe V, Barrio JR, Siddarth P, Manoukian V, Elderkin-Thompson V, Small GW 
(2011) Protein binding in patients with late-life depression. Arch Gen Psychiatry 68,1143–1150. 
[PubMed: 22065530] 

Rhodes et al. Page 13

J Alzheimers Dis. Author manuscript; available in PMC 2022 March 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



[31]. Li P, Hsiao I-T, Liu C-Y, Chen C-H, Huang S-Y, Yen TC, Wu K-Y, Lin K-J (2017) Beta-amyloid 
deposition in patients with major depressive disorder with differing levels of treatment resistance: 
A pilot study. EJNMMI Res 7, 24–24. [PubMed: 28324341] 

[32]. Butters MA. Klunk WE, Mathis CA, Price JC, Ziolko SK, Hoge JA, Tsopelas ND, Lopresti BJ, 
Reynolds CF 3rd, DeKosky ST, Meltzer CC (2008) Imaging Alzheimer pathology in late-life 
depression with PET and Pittsburgh Compound-B. Alzheimer Dis Assoc Disord 22, 261–268. 
[PubMed: 18580591] 

[33]. Hamilton M (1960) A rating scale for depression. J Neurol Neurosurg Psychiatiy 23, 56.

[34]. First MB, Spitzer RL, Gibbon M, Williams JB(1997) User's guide for the Structured clinical 
interview for DSM-IV axis I disorders SCID-I: Clinician version, American Psychiatric Pub.

[35]. 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 (2010) Alzheimer's Disease 
Neuroimaging Initiative (ADNI): Clinical characterization. Neurology 74, 201–209. [PubMed: 
20042704] 

[36]. Petersen RC (2004) Mild cognitive impairment as a diagnostic entity. J Intern Med 256, 183–194. 
[PubMed: 15324362] 

[37]. Guilmette TJ, Sweet JJ, Hebben N, Koltai D, Mahone EM, Spiegler BJ, Stucky K, Westerveld 
M, Conference Participants (2020) American Academy of Clinical Neuropsychology consensus 
conference statement on uniform labeling of performance test scores. Clin Neuropsychol 34, 
437–453. [PubMed: 32037942] 

[38]. Rosen WG, Mohs RC, Davis KL (1984) A new rating scale for Alzheimer’s disease. Am J 
Psychiatry 141, 1356–1364. [PubMed: 6496779] 

[39]. Wechsler D (1997) Wechsler memory scale - Third Edition (WMS-III), Psychological 
Corporation, San Antonio.

[40]. Rey A (1964)Ľexamen clinique en psychologie. [The clinical examination in psychology.], 
Presses Universitaries De France, Oxford, England.

[41]. Kaplan E, Goodglass H, Weintraub S (1983) The Boston Naming Test. Lea & Febiger. 
Philadelphia, PA.

[42]. Butters N, Granholm E, Salmon DP, Grant I, Wolfe J (1987) Episodic and semantic memory: A 
comparison of amnesic and demented patients. J Clin Exp Neuropsychol 9,479–497. [PubMed: 
2959682] 

[43]. Reitan RM (1958) Validity of the Trail Making Test as an indicator of organic brain damage. 
Percept Mot Skills 8, 271–276.

[44]. Yesavage JA (1988) Geriatric Depression Scale. Psychopharmacol Bull 24, 709–711. [PubMed: 
3249773] 

[45]. Born C, Amann BL, Grunze H, Post RM, Scharer L (2014) Saving time and money: A validation 
of the self ratings on the prospective NIMH Life-Chart Method (NIMH-LCM). BMC Psychiatry 
14, 130. [PubMed: 24886463] 

[46]. Jagust WJ, Landau SM, Koeppe RA, Reiman EM, Chen K, Mathis CA, Price JC, Foster 
NL, Wang AY (2015) The Alzheimer’s Disease Neuroimaging Initiative 2 PET Core: 2015. 
Alzheimers Dement 11, 757–771. [PubMed: 26194311] 

[47]. Landau SM, Lu M, Joshi AD, Pontecorvo M, Mintun MA, Trojanowski JQ, Shaw LM, 
Jagust WJ, Alzheimer’s Disease Neuroimaging Initiative (2013) Comparing positron emission 
tomography imaging and cerebrospinal fluid measurements of (β-amyloid. Ann Neurol 74, 826–
836. [PubMed: 23536396] 

[48]. Clark CM, Pontecorvo MJ, Beach TG, Bedell BJ, Coleman RE, Doraiswamy PM, Fleisher 
AS, Reiman EM, Sabbagh MN, Sadowsky CH, Schneider JA, Arora A, Carpenter AP, Flitter 
ML, Joshi AD, Krautkramer MJ, Lu M, Mintun MA, Sko vronsky DM (2012) Cerebral PET 
with florbetapir compared with neuropathology at autopsy for detection of neuritic amyloid-(β 
plaques: A prospective cohort study. Lancet Neurol 11, 669–678. [PubMed: 22749065] 

[49]. Saykin AJ, Shen L, Yao X, Kim S, Nho K, Risacher SL, Ramanan VK, Foroud TM, Faber KM, 
Sarwar N, Munsie LM, Hu X, Soares HD, Potkin SG, Thompson PM, Kauwe JSK, Kaddurah-
Daouk R, Green RC, Toga AW, Weiner MW (2015) Genetic studies of quantitative MCI and 

Rhodes et al. Page 14

J Alzheimers Dis. Author manuscript; available in PMC 2022 March 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



AD phenotypes in ADNI: Progress, opportunities, and plans. Alzheimers Dement 11, 792–814. 
[PubMed: 26194313] 

[50]. Holm S (1979) A simple sequentially rejective multiple test procedure. Scand Stat Theory Appl 
6, 65–70.

[51]. R Core Team (2017) R Foundation for Statistical Computing, Vienna, Austria.

[52]. Sheline YI, Barch DM, Garcia K, Gersing K, Pieper C, Welsh-Bohmer K, Steffens DC, 
Doraiswamy PM (2006) Cognitive function in late life depression: Relationships to depression 
severity, cerebrovascular risk factors and processing speed. Biol Psychiatry 60, 58–65. [PubMed: 
16414031] 

[53]. Fockwood KA, Alexopoulos GS, van Gorp WG (2002) Executive dysfunction in geriatric 
depression. Am J Psychiatry 159, 1119–1126. [PubMed: 12091189] 

[54]. Rowe CC, Ellis KA, Rimajova M, Bourgeat P, Pike KE, Jones G, Fripp J, Tochon-Danguy 
H, Morandeau L, O’Keefe G (2010) Amyloid imaging results from the Australian Imaging, 
Biomarkers and Lifestyle (AIBL) study of aging. Neurobiol Aging 31, 1275–1283. [PubMed: 
20472326] 

[55]. Bondi MW, Edmonds EC, Jak AJ, Clark FR, Delano-Wood F, McDonald CR, Nation DA, 
Libon DJ, Au R, Galasko D, Salmon DP (2014) Neuropsychological criteria for mild cognitive 
impairment improves diagnostic precision, biomarker associations, and progression rates. J 
Alzheimers Dis 42, 275–289. [PubMed: 24844687] 

[56]. Edmonds EC, Delano-Wood L, Jak AJ, Galasko DR, Salmon DP, Bondi MW (2016) “Missed” 
mild cognitive impairment: High false-negative error rate based on conventional diagnostic 
criteria. J Alzheimers Dis 52, 685–691. [PubMed: 27031477] 

[57]. Jak AJ, Bondi MW, Delano-Wood L, Wierenga C, CoreyBloom J, Salmon DP, Delis DC (2009) 
Quantification of five neuropsychological approaches to defining mild cognitive impairment. Am 
J Geriatr Psychiatry 17, 368–375. [PubMed: 19390294] 

Rhodes et al. Page 15

J Alzheimers Dis. Author manuscript; available in PMC 2022 March 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 1. 
Proportion of participants with clinically significant impairments on neuropsychological test 

performance at −1.5 standard deviations. LLD, late life depression; ND, non-depressed; 

ADAS, Alzheimer’s Disease Assessment Scale; AVLT, Auditory Verbal Learning Test; LM, 

Logical Memory; BNT, Boston Naming Test; TMT, Trail Making Test; *p; < 0.05; **p; < 

0.01; ***p; < 0.001.
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Table 1

Demographic and clinical characteristics of LLD and ND groups (n = 360)

LLD (n = 120) ND (n = 240)

Mean±SD Mean±SD p

Age*, y 70.96 ± 5.33 71.24 ± 6.51 0.34

Education*, y 16.28 ± 1.95 16.50 ± 2.47 0.28

Gender*, No. female (%) 81 (67.5%) 155 (64.6%) 0.64

Race, No. Caucasian (%) 104 (87.4%) 219 (91.2%) 0.27

CDR, No.>0 (%) 73 (64%) 84 (35%) <0.001

APOE status, No.ε4 + (%) 30 (25.6%) 72 (30.1%) 0.45

Amyloid status*, No. Aβ + (%) 24 (20%) 48 (20%) >0.99

Global WMH burden 3.76 (3.41) 5.22 (6.87) 0.64

Cognitive status*, No. MCI (%) 38 (31.7%) 82 (34.6%) 0.64

Amnestic MCI, No. (%) 15 (39.5%) 80 (97.6%) <0.001

MMSE* 29.07 (1.03) 29.02 (1.20) 0.99

GDS (15-item) 7.18 (3.25) 1.17 (1.29) <0.001

Number of MDD episodes 2.54 (1.86) - -

Age at first MDD onset 32.76 (20.76) - -

MDD onset, No. LOD (%) 13 (10.8%) - -

*
Matching variable

CRD, Clinical Dementia Rating Scale; WMH, white matter hyperintensity; MCI, mild cognitive impairment; MMSE, Mini-Mental State Exam; 
GDS, Geriatric Depression Scale; MDD, major depressive disorder; LOD, late onset depression.
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Table 2

Neuropsychological test performance

LLD (n = 120) ND (n = 240)

Mean±SD Mean±SD p

ADAS-Cog total score 9.50 ± 5.15 9.67 ± 5.06 1.00

AVLT Trials 1–5 42.26 ± 11.05 45.75 ± 10.50 0.001

AVLT Immediate Recall 8.18 ± 3.83 9.05 ± 3.62 0.040

AVLT Delayed Recall 7.06 ± 4.42 7.70 ± 4.02 0.274

Logical Memory I 12.93 ± 4.01 12.80 ± 3.63 1.00

Logical Memory II 11.31 ± 4.39 11.47 ± 3.97 1.00

Semantic Fluency 20.87 ± 5.55 20.32 ± 5.33 1.00

BNT 27.68 ± 2.32 27.81 ± 3.07 1.00

TMT-A 33.19 ± 11.83 33.57 ± 12.23 1.00

TMT-B 83.51 ± 41.44 90.54 ± 46.68 0.274

ADAS, Alzheimer’s Disease Assessment Scale; AVLT, Auditory Verbal Learning Test; LM, Logical Memory; BNT, Boston Naming Test; TMT, 
Trail Making Test.
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