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Conclusion: In individuals at risk for AD, the AES-C predicts progression from MCI to AD 

dementia and lower inferior temporal cortical thickness.  
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SECTION 1: INTRODUCTION 

Alzheimer’s disease (AD) dementia, a devastating neurodegenerative disorder, is projected to grow in 

prevalence over the next three decades to 13.8 million in the United States alone (1, 2). Effective, disease-

modifying therapies are desperately needed to address this growing epidemic. Despite significant efforts to 

develop such therapies, few clinical trials have shown clinically significant benefit (3-5). The lack of efficacy 

observed in these trials may be due to the need for earlier diagnosis and intervention in the AD process to 

produce clinically apparent benefit (6). This hypothesis is supported by evidence that AD pathology—such as 

amyloid plaque deposition and neuronal degeneration—begins to manifest in the brain far before symptoms of 

dementia develop (7-9). Therefore, this preclinical time window may offer a more advantageous period for 

therapeutic intervention (6).  

Recent guidelines have begun to define the “preclinical phase” of AD, wherein occult amyloidosis and 

neuronal injury may be accompanied by subtle cognitive changes prior to clinically apparent cognitive and 

functional impairment (2); however, these diagnostic criteria still lack sufficient sensitivity and specificity for 

use in the clinical setting, and further characterization of the preclinical phase of AD is needed.  Furthermore, in 

order to evaluate the efficacy of new therapeutics in this time window, clinical trials require biomarkers that 

track the disease progress early and reliably (2). A sufficient number of AD biomarkers have yet to be identified 

and validated for these purposes (2). This need has instigated a broad search for biomarkers that arise early in 

AD pathology (10-12). The detection of amyloid-く via Pittsburgh Compound B (PiB) positron emission 

tomography (PET) imaging, which visualizes fibrillar amyloid-く in vivo (13) can function as an early biomarker 

for preclinical AD; however, this marker alone may not be sufficient to predict progression to AD dementia 

(14). In recent years, great progress has been made in characterizing amnestic mild cognitive impairment 

(MCI), a prodromal phase to clinical AD dementia with a progression rate to AD dementia of around 10-15% 

per year (15-17), characterized by memory impairment with largely preserved activities of daily living and 

preserved cognition outside of memory (18). While this represents an important step toward achieving earlier 

diagnosis of underlying AD pathology, many people with MCI do not progress to AD dementia, and although 

certain markers suggest more rapid transition to AD dementia (19-23), it is not yet possible to determine with 

certainty who will and will not progress. Furthermore, even if individuals who would ultimately progress to AD 

dementia could be accurately diagnosed during MCI, the underlying pathology of AD may long precede the 

onset of MCI (8) and there is no data to confirm that intervention at this point in the disease process would be 

early enough to yield clinical benefits. Therefore, more predictive markers are needed for sufficiently early 

diagnosis. 

One of the earliest neuropsychiatric symptoms in AD dementia and MCI is apathy, characterized by 

social withdrawal and loss of goal oriented behavior, interest, and motivation (24-27). Apathy has been found to 
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predict progression from MCI to AD dementia, as well as global functional decline and cognitive decline in 

cognitively normal (CN) elderly (28-32). These predictive qualities suggest that measurement of apathy may be 

useful for earlier and more accurate diagnosis of preclinical AD and early prodromal AD (33).  

Given the complexity of predicting incidence of AD, experts believe that early diagnosis of AD will 

require integration of information regarding multiple biomarkers.(2) Apathy has been shown to correlate with 

several biomarkers in the context of AD dementia, including specific patterns of cortical atrophy, most 

consistently atrophy of the medial frontal cortex, though the precise region of apathy-associated cortical atrophy 

has varied between studies (34-36). In general, cortical thinning has been detected in CN elderly individuals 

with greater amyloid burden seen on PiB PET (9, 37) and apathy has been associated with increased cortical 

amyloid burden in MCI (38). Accordingly, cortical thinning has been detected in CN individuals with low 

cerebrospinal fluid amyloid-く1-42 (39). Therefore, atrophy associated with apathy in AD dementia patients may 

begin during MCI and possibly even in CN individuals at risk for AD. While apathy is known to manifest at the 

stage of MCI, which can represent prodromal AD, the possibility of apathy-associated atrophy in CN 

individuals potentially at the preclinical stage of AD remains relatively unexplored. In a study of mild AD 

dementia, MCI, and CN individuals from the AD Neuroimaging Initiative (ADNI), Donovan et al. found that 

reduced baseline inferior temporal cortical thickness was predictive of greater apathy over time across all 

diagnoses (40). This reduced thickness may have indicated cortical atrophy associated with AD pathology, 

atrophy associated with normal aging, or innately reduced inferior temporal cortical thickness which could 

predispose toward the development of apathy. If AD induced, apathy-associated cortical atrophy is found in the 

preclinical or prodromal stages of disease, it may be a useful biomarker for clinical trials involving the earliest 

stages of AD. Furthermore, not all cases of MCI advance to AD dementia (15). If detection of apathy with 

regionally specific atrophy in MCI or CN individuals is predictive of such progression, these markers may be 

useful for earlier and more accurate diagnosis of AD.  

Such clinical applications, however, would require a validated, standard metric for apathy. Studies of 

apathy in the context of MCI and AD dementia have used a variety of scales to measure apathy. Scales designed 

to assess multiple neuropsychiatric symptoms, among those apathy, include the Frontal Systems Behavioral 

Inventory (31, 41), the Neuropsychiatric Inventory brief questionnaire (30), and the full Neuropsychiatric 

Inventory questionnaire (28, 34-36, 42, 43), which quantifies apathy with a score ranging from 0 to 12 points 

(44). Scales designed to assess apathy alone using multiple items include the 14-item Apathy Scale (29) and the 

Apathy Inventory (45). Another promising metric for apathy in patients with dementia is the Apathy Evaluation 

Scale (AES), which uses 18 specific items to quantify apathy with a score range from 18 to 72 and has been 

shown to differentiate patients with probable AD dementia from CN elderly according to severity of apathy (46, 
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47). This scale can be scored by one of three reporters, resulting in the three sub-scales: the subject (self)-

reported AES (AES-S), informant-reported AES (AES-I) or clinician-reported AES (AES-C). It is unclear if 

any one of the three AES reporter-dependent sub-scales provides particular advantages as a predictor of MCI or 

AD dementia compared to the other sub-scales.   

In order to explore the utility of the three AES sub-scales in the context of individuals at risk for AD due 

to MCI and/or advanced age in the case of CN elderly we conducted a longitudinal study of CN and MCI 

elderly subjects. A preliminary factor analysis was employed to identify clusters of symptoms driving AES 

scores in this sample. We then assessed the longitudinal course of apathy as measured by each sub-scale, as well 

as by these clusters of symptoms, taking into consideration the initial diagnosis (CN or MCI). Finally, we 

assessed the ability of initial apathy severity to predict disease progression designated as transitioning from a 

diagnosis of MCI to AD dementia. We hypothesized that a worse initial diagnosis (MCI as opposed to CN) 

would predict greater apathy over time. We further hypothesized that in MCI the informant and clinician-

reported sub-scales as opposed to the subject sub-scale will best predict disease progression because these 

individuals already have cognitive impairment, which could compromise the accuracy of their self-report of 

symptoms. Finally, we investigated the possibility of apathy-associated regionally specific cortical atrophy in 

MCI and CN individuals cross-sectionally, employing the AES-C to measure apathy and magnetic resonance 

imaging (MRI) to assess regional cortical thickness. We hypothesized that greater apathy in MCI and CN 

individuals would be associated with atrophy of medial frontal regions, as has been demonstrated previously in 

AD dementia (34-36), and with inferior temporal atrophy as was seen in individuals with milder cognitive 

impairment (40). The results of the cross-sectional study of associations between apathy and patterns of cortical 

thickness are currently in press (33). A full citation for that publication and a description of each author’s 

contribution are as follows: 

 

Guercio, B.J., Donovan, N.J., Ward, A., Schultz, A., Lorius, N., Amariglio, R.E., Rentz, D.M., Johnson, 

K.A., Sperling, R.A., Marshall, G.A. “Apathy is associated with lower inferior temporal cortical 

thickness in mild cognitive impairment and normal elderly.” The Journal of Neuropsychiatry & Clinical 

Neurosciences, in press.  

 

Brendan Guercio, B.S.: First author. Reviewed literature and designed initial research question in 

concert with Dr. Gad Marshall; conducted all statistical analyses; interpreted results in concert with Dr. 

Gad Marshall; created initial publication subsequently edited by co-authors. 
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Nancy J. Donovan, M.D.: Contributed to editing and revision of publication. Also conducted subject 

interviews and data collection. 

Andrew Ward, B.A.: Processed MRI data, verifying region of interest parcellations and performing 

minor edits; contributed to editing and revision of publication. Contributed to editing and revision of 

publication. 

Aaron Schultz, Ph.D.: Managed database and contributed to editing and revision of published 

manuscript. 

Natacha Lorius, B.A.: Managed database, conducted subject assessments and data collection, and 

contributed to editing and revision of published manuscript. 

Rebecca E. Amariglio, Ph.D.: Contributed to editing and revision of published manuscript. Also 

conducted subject interviews and data collection. 

Dorene M. Rentz, Psy.D.: Contributed to editing and revision of publication. Also conducted subject 

interviews and data collection. 
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SECTION 2: METHODS 

1. Longitudinal Study of AES Sub-Scales 

Subjects  

Seventy five subjects (57 MCI, 18 CN) ages 53 to 86 were recruited from the clinic and community to 

participate in an investigator-initiated study at the Brigham and Women’s Hospital and Massachusetts General 

Hospital Center for Alzheimer Research and Treatment where they underwent clinical assessments. At baseline, 

all subjects had generally good or stable health status, and did not have significant cerebrovascular disease or 

current primary psychiatric disorders. Specifically, subjects had a Modified Hachinski Ischemic Score ≤ 4 (48) 

and a Geriatric Depression Scale (long form) ≤ 10 (49). Subjects had a study partner for the provision of 

collateral information about the subjects’ behavior, mood, and daily functioning. 

Specific baseline inclusion criteria for CN subjects were as follows: CN with Clinical Dementia Rating 

(CDR) global score of 0 (50), Mini-Mental State Examination (MMSE) score of 28-30 (inclusive) (51), and 

performance above education adjusted cutoff scores on the Logical Memory IIa (story recall) of the Wechsler 

Memory Scale-Revised (52). Of note, one subject received a diagnosis of CN despite a CDR global score of 0.5 

after careful review by experienced clinicians (GAM and REA). 

Specific baseline inclusion criteria for MCI subjects satisfied criteria for single or multiple domain 

amnestic MCI and were as follows: non-demented subjects with memory complaint, performance below 

education adjusted cutoff scores on Logical Memory IIa (story recall), CDR global score of 0.5 (with Memory 

Box score  ≥ 0.5), MMSE score of 24-30 (inclusive), and essentially preserved activities of daily living. Of 

note, two subjects received a diagnosis of MCI despite an MMSE of 23 after careful review by experienced 

clinicians (GAM and REA). 

Follow-up diagnoses were determined at consensus meetings by experienced clinicians (GAM and 

REA) after careful review of current and previous neuropsychological test performance, CDR scores, and the 

Functional Activities Questionnaire scores (a measure of instrumental activities of daily living) (53). Clinicians 

were blinded to AES scores when determining diagnosis. At follow-up subjects were assigned a diagnosis of 

CN, MCI, or AD dementia.      

The study was approved by the local Institutional Review Board, and informed consent was obtained 

from all subjects before any of the study procedures were carried out. 

 

Clinical Assessments 

The Apathy Evaluation Scale (AES) (46): Apathy was quantified using the AES, consisting of 18 items 

relating to apathy, each scored on a 4-point Likert-type scale. The score range for the complete AES (total AES 

score) is 18 to 72, with a lower score indicating greater apathy. Scores for items 6, 10 and 11 are reversed prior 
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to summation of individual item scores. For each subject, three AES sub-scale scores were collected, with each 

sub-scale based on the impressions of a different respective reporter: the subject or self-report (AES-S); an 

informant, usually a family member or close friend (AES-I); and the clinician (AES-C). For the AES-C, the 

clinician takes into consideration both the subject and informant report and uses his or her clinical acumen to 

determine the score for each item.     

The Rey Auditory Verbal Learning Test (RAVLT) total learning score was used to assess memory (54); 

the Wechsler Adult Intelligence Scale-Revised Digit Symbol test was used to assess aspects of executive 

function, including processing speed, visual scanning, and working memory (55); and the American National 

Adult Reading Test (AMNART) intelligence quotient (IQ) was used as an estimate of premorbid verbal IQ, a 

proxy of cognitive reserve (56).  

 

Statistical Analysis   

 We employed SAS version 9.4 (the Mixed and Phreg procedures) (SAS Software) for primary analyses 

and SPSS version 22 (IBM) for analyses of baseline characteristics.    

 

Derivation of Symptom Clusters by Factor Analysis: A preliminary factor analysis was applied to the AES-C 

to assess key clusters of symptoms driving AES scores in MCI and CN elderly. We reduced the 18 AES items 

for each AES sub-scale (AES-S, AES-I, and AES-C) to an empirically derived set of symptom clusters via 

factor analysis.  Using baseline AES-C items as representative for data reduction purposes, we ran correlated 

(oblique) promax factor analysis, pooling across subjects diagnosed as MCI or CN.  After determining factors, 

respective factor scores were computed for each sub-scale (AES-S, AES-I, AES-C) by taking the average of the 

corresponding items loading heavily on each given factor.           

 

Longitudinal Analysis:  We took two approaches to longitudinal data analysis:  (1) using a mixed fixed and 

random effects model to test prediction of AES sub-scale scores and symptom clusters (factors) across time, and 

(2) using a Cox regression/survival analysis of predictors of time to progression from a diagnosis of MCI to AD 

dementia.       

 

Mixed Effects Models:  A mixed random and fixed coefficient regression model was used with backward 

elimination (p<0.05 cutoff) of both fixed and random terms, for the dependent variables of the 3 AES sub-scale 

scores, each in a separate analysis. In order to account for relationships between apathy and diagnosis (CN vs. 

MCI) over time, each model included as fixed predictors diagnosis (CN vs. MCI), time (measured as year in 
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study) and the interaction between the two. To examine the relationship between apathy and sex over time, we 

also included as fixed predictors sex and its interaction with time. Given the possibility that sex may modify 

relationships of apathy with diagnosis and vice versa, we also included as fixed predictors the interaction 

between sex and diagnosis as well as the three-way interaction between sex, diagnosis, and time. Finally, each 

model also included as fixed covariates age at baseline and AMNART IQ. Random terms were correlated 

intercepts and linear slope of change across time.  Parallel analyses were run for each symptom cluster (factor) 

score as measured by each sub-scale (AES-S, AES-I, and AES-C), each in a separate analysis, using the same 

set of predictors except that interaction terms were limited to interaction of baseline diagnosis with time and of 

sex with time to avoid capitalizing on chance due to a large number of significance tests.  Partial regression 

coefficient estimates () values with 95% confidence intervals (CI) were reported. The squared correlations of 

predicted values from fixed and random predictor sets vs. actual values were used to indicate the percent of 

variance of the dependent variable linearly accounted for by the optimal reduced model.  Residuals from fixed 

and random components of models were checked graphically for model fit and conformance to assumptions of 

normality and homogeneity of variance.  

 

Cox Model:  We employed Cox proportional hazards multiple regression models to assess time to change in 

diagnosis from a baseline diagnosis of MCI to an endpoint diagnosis of AD dementia.  Of the 18 CN subjects in 

the study, none progressed to MCI over a period of 0.7±0.7 years, and therefore no hazard ratios (HR) were 

calculated for progression from CN to MCI. Only subjects diagnosed as MCI at baseline were included in these 

analyses. Those who remained stable at MCI were treated as censored observations providing partial 

information on time to change in diagnosis. Predictors were tested in a backward elimination algorithm (cutoff 

p<0.05). Four Cox regression models were performed to separately assess the following AES measures as 

predictors of diagnostic progression: (1) the three AES sub-scale scores (AES-S, AES-I, and AES-C); (2) scores 

of the three symptom clusters (factors) as measured by the AES-S; (3) scores of the three symptom clusters 

(factors) as measured by the AES-I; and (4) scores of the three symptom clusters (factors) as measured by the 

AES-C. These various AES constructs were included in the initial pool of predictors for their respective Cox 

regressions. The initial pool of predictors in all Cox regressions also included: sex, AMNART IQ, and baseline 

values of age, Digit Symbol score, and RAVLT total learning score.  For each analysis, after backward 

elimination produced an optimal subset of predictors, the validity of the proportional hazard model assumption 

was tested for each of the retained predictors using a Kolmogorov simulation test (see SAS Phreg Procedure).   

 

2. Cross-Sectional Study of Associations between Apathy and Cortical Thickness 
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Subjects 

Sixty six subjects (47 MCI, 19 CN) ages 53 to 86 were recruited from the clinic and community to 

participate in an investigator-initiated imaging study at the Brigham and Women’s Hospital and Massachusetts 

General Hospital Center for Alzheimer Research and Treatment where they underwent clinical assessments and 

MRI scans. Inclusion and exclusion criteria for subjects in this portion of the study were identical to those 

described for the longitudinal analysis of AES sub-scales above, as were criteria for diagnosis of subjects as 

either MCI or CN (see “Methods: 1. Longitudinal Analysis of AES Sub-Scales: Subjects”). The study was 

approved by the local Institutional Review Board, and informed consent was obtained from all subjects before 

any of the study procedures were carried out. 

 

Clinical Assessments 

Clinician-Rated Apathy Evaluation Scale (AES-C) (46): Apathy for this MRI component of the study 

was quantified using the AES-C. Results from the Cox proportional hazards analysis showed that among the 

AES sub-scales the AES-C is the most significant predictor of progression from MCI to AD dementia (see 

Results below). Moreover, the AES-C has the best distributed scores among the AES sub-scales. 

 As in the longitudinal study of the AES sub-scales, the RAVLT total learning score was used to assess 

memory (54); the Wechsler Adult Intelligence Scale-Revised Digit Symbol test was used to assess aspects of 

executive function, including processing speed, visual scanning, and working memory (55); and the AMNART 

IQ was used as an estimate of premorbid verbal IQ, a proxy of cognitive reserve (56). 

 

MRI Data 

 MRI scans were conducted with a Siemens Trio 3T scanner (Siemens Medical Systems, Erlangen 

Germany). High-resolution T1-weighted structural images were acquired using a 3D Magnetization Prepared 

Rapid Acquisition Gradient Echo (MP-RAGE) sequence with the following acquisition parameters: repetition 

time=2300ms; echo time=2.98ms; inversion time=900ms; flip angle=9°; voxel size=1.0x1.0x1.2mm. Cortical 

thickness of regions of interest (ROI) was measured using FreeSurfer Version 5.1 

(http://surfer.nmr.mgh.harvard.edu/). A priori ROI included: 1) inferior temporal cortex 2) rostral anterior 

cingulate cortex; 3) medial orbitofrontal cortex; and 4) supramarginal cortex. We chose to focus on cortical 

regions rather than deep subcortical structures. The anterior cingulate and medial orbitofrontal cortices have 

been associated with apathy across imaging modalities in AD dementia (42, 57-61); the inferior temporal cortex 

has been associated with apathy in a similar early AD sample in ADNI (40); and the supramarginal cortex was 

chosen because it has been associated with early AD though less consistently with apathy (62, 63). Cortical 

http://surfer.nmr.mgh.harvard.edu/


 

 

15 

 

thickness for each ROI was averaged across both hemispheres. A single individual (AMW) blinded to the 

clinical status of the subjects verified ROI parcellations and performed minor edits. The mean interval between 

MRI acquisition and clinical assessment was 35±36 days. 

 

Statistical Analyses 

All analyses were carried out using SAS Version 9.2 (SAS Software) and SPSS Version 20 (IBM). 

Associations among diagnostic groups, subject demographics and characteristics were evaluated using the chi-

square test for categorical variables and two-tailed independent-samples t-tests for continuous variables; if 

Levene’s test indicated unequal variances, two-tailed Welch’s t-test was performed instead. Variances of 

demographic and characteristic data were assessed for normality using One-Sample Kolmogrov-Smirnov tests 

and frequency histograms; independent-samples Mann-Whitney U tests were used if variables demonstrated 

non-normal distributions. Associations between AES-C score and subject demographics and characteristics 

were evaluated using independent-sample t-tests for categorical variables and Pearson correlations for 

continuous variables. 

A general linear regression model with backward elimination (cutoff p<0.05) was used to evaluate the 

cross–sectional relationship of the dependent variable, apathy (measured by AES-C score), with the following 

predictors: 4 a priori MRI ROI, diagnosis (MCI or CN), age, AMNART IQ, Digit Symbol score, and RAVLT 

total learning. く values with 95% CI and significance test results (p values) were reported for each predictor 

retained after backward elimination. Percent variance accounted for in the dependent variable by the model as a 

whole (R
2
) was also reported. The distributions of data points from residuals of the final model were assessed 

graphically for normality and homoscedasticity to ensure consistency with the model’s assumptions.  
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SECTION 3: RESULTS 

1. Longitudinal Analysis of AES Sub-Scales 

Baseline Characteristics 

Demographics and characteristics for all subjects and each diagnostic group are displayed in Table 1. 

Compared to CN subjects, MCI subjects demonstrated significantly lower MMSE scores, Digit Symbol scores, 

RAVLT total learning scores, AES-C scores, and AES-I scores (lower scores indicating greater apathy), and 

significantly higher CDR sum of boxes scores. The difference in AES-S scores between CN and MCI subjects 

was not statistically significant. The MCI group also had a higher percentage of males than the CN group. 

Lower AES-C score (indicating greater apathy) was associated with lower AES-S score (r = 0.58, 

p<0.0001), AES-I score (r = 0.79, p<0.0001), MMSE (r = 0.30, p=0.01), Digit Symbol score (r = 0.35, 

p=0.003), and RAVLT total learning score (r = 0.47, p=0.0001), and with higher CDR sum of boxes score (r = -

0.60, p<0.0001).  Lower AES-I score was associated with lower AES-C score (as above), lower AES-S score (r 

= 0.35, p=0.002), MMSE (r = 0.26, p=0.03), Digit Symbol score (r = 0.30, p=0.01), RAVLT total learning score 

(r = 0.44, p=0.0002), and higher CDR sum of boxes score (r = -0.56, p<0.0001). Lower AES-S score was 

associated with lower AES-C and AES-I scores (as above), lower Digit Symbol score (r = 0.24, p=0.05) and 

higher CDR sum of boxes score (r = -0.28, p=0.02).  

 

Derivation of Symptom Clusters by Factor Analysis   

Maximum likelihood significance tests for number of factors were conducted and although p values can 

be considered only approximate because of violation of multivariate normality assumptions, they are adequate 

indices for purposes of preliminary factor analysis. These tests indicated 4 factors while a scree plot of 

eigenvalues was consistent with 3 or 4. Further examination of loadings suggested 3 substantively unitary 

factors which we named “Interest and Motivation” (9 AES items), “Task Completion” (3 items) and 

“Awareness” (2 items) (see Figure 1 and Table 2).  Of note, since the Awareness factor consists of only 2 

items, results involving it should be interpreted with greater caution. When referring to the factors from this 

point on, we will abbreviate them as follows: “Interest”, “Task”, and “Awareness”.  Estimated inter-factor 

correlations (r) were: Interest vs. Task, r = 0.61; Interest vs. Awareness, r = 0.31; and Task vs. Awareness, r = 

0.34. In order to assess the internal-consistency reliability and unidimensionality of our derived factor scores, 

we computed Coefficient Alpha for baseline scores for each set of items constituting each factor for each sub-

scale. Alpha was moderate to high for the Interest and Task factors (0.65 to 0.92) across the sub-scales, though 

low for the Awareness factor for AES-S (0.29) and AES-I (0.45) likely because it was based on only 2 items 

derived from a factor analysis of the AES-C items. 
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Mixed Effects Models    

Tables 3 and 4 display results for the mixed effects longitudinal analyses where the final retained 

models contained significant fixed terms.  All significant fixed effects were in the expected direction. Random 

slopes and intercepts for time were included in all final models and occasional significant negative and positive 

correlations between them. For the reduced model for each analysis, residuals from values predicted by the 

combined fixed and random coefficients conformed reasonably to assumptions of normality and 

homoscedascity.  

Across the various models, the common findings were associations between greater apathy and greater 

years in study, a diagnosis of MCI (compared to CN), and male sex (compared to female sex). Regarding the 

three models for each AES sub-scale, there was a significant increase in apathy (i.e. decline in AES score) in all 

three models over time, at a rate independent of baseline diagnosis (CN vs MCI). However, as illustrated in 

Figure 2, a baseline diagnosis of MCI (compared to CN) was a significant predictor of greater informant and 

clinician-reported apathy (i.e. lower AES-I score and AES-C score) additive to time effects (p=0.0003 and 

p=0.0005, respectively) (see Table 3). Moreover, Figure 2 illustrates that CN individuals self-report (AES-S) 

greater apathy over time when compared to informant or clinician-report (AES-I and AES-C), while this pattern 

reverses in MCI individuals where the informant or clinician-report greater apathy over time when compared to 

self-report. Male sex (compared to female sex) was a significant predictor of lower AES-S score additive to 

time (p=0.02) and more rapid decline in AES-C score over time (p=0.005), as illustrated in Figure 3. 

Regarding the models for the symptom clusters as measured by each AES sub-scale, the effects of time, 

diagnosis, and sex were least significant for the subject-reported factor scores, as no predictors were retained as 

significant in the models for subject-reported Interest or Task. In all other mixed effects models except for 

informant-reported Awareness, there was a significant increase in symptoms (i.e. a decline in factor scores) over 

time at a rate independent of baseline diagnosis (CN vs. MCI) (see Table 4). However, baseline diagnosis of 

MCI (compared to CN) was also a significant predictor of lower scores on all the factors for AES-I and AES-C 

additive to time. Male sex (compared to female sex) was a significant predictor of lower subject-reported 

Awareness score additive to time (p=0.003) and more rapid decline in clinician-reported Interest score over time 

(p=0.003). 

 

Cox Models    

Thirty nine subjects with MCI were included in the Cox Regression analysis, of which 11 transitioned to 

AD dementia over a period of 1.4±1.2 years. The remaining 28 subjects were censored. Figure 4 displays a 3-

dimensional plot of baseline AES-C vs. AES-I vs. AES-S scores for subjects with a baseline diagnosis of MCI, 
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with labels denoting subjects who progressed to AD dementia and those who did not as of last follow-up and 

were censored. Note that the subjects with stable MCI diagnosis tend to cluster together in the region where all 

3 sub-scale total scores are high (consistent with lesser apathy). Table 5 displays significant results from the 

Cox Regression Models. All predictors retained as significant in the final reduced models passed the test of the 

proportional hazard assumption.  

In the analysis which included the three sub-scale AES sub-scale scores as simultaneous predictors, only 

AES-C score survived the backward elimination along with Digit Symbol score, whereby for both, lower scores 

consistent with greater apathy and greater executive dysfunction predicted greater hazard of transition from 

MCI to AD dementia (see Figure 5). In the analyses which included the sets of AES symptom clusters (factors), 

only Interest as reported by clinicians and informants significantly predicted greater hazard of transition to AD 

dementia, both again in combination with Digit Symbol score. In the model for subject-reported AES symptom 

clusters, only Digit Symbol score was retained as predictor of progression to AD dementia. 

 

2. Cross-Sectional Study of Apathy-Associated Cortical Thickness 

Baseline Characteristics 

Demographics and characteristics for all subjects and each diagnostic group included in the cross-

sectional MRI component of the current study are displayed in Table 6. Compared to CN subjects, MCI 

subjects demonstrated significantly lower MMSE scores, Digit Symbol scores, RAVLT total learning scores, 

and AES-C scores (indicating greater apathy), and significantly higher CDR sum of boxes scores. The MCI 

group also had a higher percentage of males than the CN group. Lower AES-C score (greater apathy) was 

associated with lower MMSE (r=0.29, p=0.02), Digit Symbol (r=0.34, p=0.007), and RAVLT total learning 

scores (r=0.39, p=0.001), and with higher CDR sum of boxes scores (r=-0.58, p<0.001). 

 

Multivariate Linear Regression 

 After backward elimination, the multivariate linear regression model indicated a significant association 

between lower AES-C scores, representing greater apathy, and lower inferior temporal cortical thickness 

(p=0.004) and greater anterior cingulate cortical thickness (p=0.04), see Table 7 and Figure 6. Thickness of 

other cortical ROI was not significantly associated with AES-C score. Other predictors retained in the model 

included diagnosis, where an MCI diagnosis was more associated with lower AES-C score (greater apathy) than 

a CN diagnosis (p=0.0007) (R
2
=0.31, p=0.0001 for model), see Table 7. Of note, there was a moderately strong 

positive unadjusted univariate correlation between inferior temporal and anterior cingulate cortical thickness 

(r=0.51, p<0.0001) suggesting possible multi-collinearity as an explanation for the unexpected inverse 
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relationship of AES-C score with anterior cingulate cortical thickness seen in the model. However, the 

unadjusted univariate correlation between anterior cingulate cortical thickness and AES-C score, which does not 

reach statistical significance (r=-0.12, p=0.37), was negative as it was in the model. 
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SECTION 4: DISCUSSION 

In a cohort of elderly individuals with MCI or normal cognition, items from the AES clustered into three 

factors of apathy-related symptoms: (1) interest and motivation, (2) task completion, and (3) awareness. Of 

these, the only factor that predicted progression from MCI to AD dementia was interest and motivation as 

measured by the clinician and informant-reported sub-scales of the AES but not by the subject (self) reported 

sub-scale. When comparing the three AES sub-scale scores, lower AES-C score, denoting greater clinician-

reported apathy, best predicted progression from MCI to AD dementia.  Therefore, our data suggest that 

clinician report, as opposed to informant or subject report, of apathy symptoms, in particular lack of interest and 

motivation, best predict disease progression in early AD. When looking at progression of apathy symptoms over 

time in CN and MCI subjects as measured by the AES sub-scales and symptom clusters, we found that apathy 

increased over time and was associated with a baseline diagnosis of MCI as opposed to CN and with being male 

as opposed to female. Furthermore, these findings were more prominent in the clinician and informant-reported 

sub-scales of the AES as opposed to the subject-reported sub-scale. Finally, in our analyses of associations 

between apathy and cortical thickness, we found that, in individuals at risk for AD (MCI and CN elderly), lower 

thickness of the inferior temporal cortex is associated with greater apathy as measured by the AES-C after 

adjusting for diagnosis, age, premorbid intelligence, memory performance, and processing speed. Our results 

also suggest an association between greater anterior cingulate cortical thickness and greater apathy in this 

population. 

AD is a growing epidemic in urgent need of effective therapies (1, 2). Despite ongoing and completed 

AD clinical trials employing multiple classes of drugs in recent years, most potentially disease-modifying 

therapies, especially amyloid-modifying therapies, have failed to show clinical benefit (64). The lack of efficacy 

observed in these trials may be due to the need for earlier diagnosis and intervention in the AD course to 

produce clinically-apparent benefit (6).  Better characterization of subjective neuropsychiatric symptoms such 

as apathy in MCI and preclinical AD using more nuanced clinical assessments, such as the various AES 

constructs presented here, as well as biomarkers, may facilitate early diagnosis (33, 40, 65). This approach is 

supported by previous studies focused on cognition, which showed the combination of non-objective measures 

with objective measures to be superior in predicting cognitive and functional decline compared to objective 

measures alone (66, 67). In order to accurately characterize apathy for such purposes, a standard metric for 

apathy must be chosen and thoroughly validated in the context of MCI and CN elderly at risk for preclinical 

AD, which to our knowledge has yet to be done. This work represents a first attempt at this important endeavor. 

Furthermore, our results suggest that greater apathy as measured by the AES-C, the sub-scale that best predicted 

progression from MCI to AD dementia in our analysis, was also associated with specific patterns of cortical 



 

 

21 

 

thickness in patients at risk for AD. Further characterization of apathy and apathy-associated patterns of cortical 

thickness in preclinical AD may also facilitate earlier AD diagnosis and enriched clinical trial designs. 

To our knowledge, this is the first study to longitudinally compare the reporter-dependent apathy 

constructs, AES-C, AES-I and AES-S sub-scale and factor scores, in CN elderly and MCI, and the first study to 

assess the utility of these measures as predictors of progression from MCI to AD dementia. However, many 

previous studies have compared subject (self) and informant reporting of cognitive and functional symptoms 

across CN elderly, MCI, and AD dementia. In the context of AD dementia, multiple studies have demonstrated 

that patients with AD dementia may report significantly different symptoms compared to informants, usually 

under-reporting their symptoms (68-71), and do not accurately reflect objective measures of cognitive 

performance (70, 72). In the context of MCI, studies have shown that individuals with MCI under-report 

cognitive and functional decline compared to informants as well (73-75), and that informant report of cognitive 

deficits in the context of MCI better predicts transition to AD dementia than self-report (70); however one study 

showed no significant difference between subject and informant report of daily functioning in individuals with 

MCI (76).  In elderly individuals without cognitive deficits on formal neuropsychological testing, Caselli and 

colleagues demonstrated that both subject and informant-reported cognitive concerns predict incidence of MCI, 

and also found subject-reported cognitive concerns to precede informant-reported decline in individuals who 

developed MCI (77). Amariglio and colleagues reported similar findings with subject and informant-reported 

cognitive and functional concerns using the CDR and objective cognitive performance as the longitudinal 

outcomes (78). These findings are supported by others, who have demonstrated an association in CN 

individuals between subject-reported cognitive concerns and incidence of MCI and AD dementia (79, 80), 

although this has not been consistent across all studies (81). Further strengthening the importance of self and 

informant-reported cognitive concerns for AD are studies of CN elderly demonstrating associations of such 

cognitive concerns with underlying brain atrophy similar to that of MCI (82, 83) and elevated cortical amyloid 

burden (84).  

It therefore appears likely that while individuals may demonstrate greater awareness of cognitive, 

psychiatric and functional problems compared to informants when they have normal or near-normal cognition, 

this relationship may invert at some point during the course of MCI, such that individuals can no longer report 

symptoms as accurately as informants due to a lack of awareness of and insight into their problems, also known 

as anosognosia, as is seen more clearly in dementia. This is consistent with the findings of the current study, 

where CN individuals at baseline appeared to self-report greater severity of the neuropsychiatric symptom of 

apathy over time when compared to informant or clinician report of apathy, while individuals with MCI at 

baseline appeared to under-report apathy severity over time when compared to informant or clinician report. 
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Furthermore, the combination of informant and subject report appears to be more sensitive than either alone as a 

measure of decline in cognition and function (78, 85). This may explain why in the current study, the clinician-

report measure (AES-C) was the reporter-variant of the AES found to best predict progression from MCI to AD 

dementia. While the AES-S and AES-I rely solely on subject-report and informant-report, respectively, the 

AES-C relies on the clinician’s integration of input from both subject and informant, plausibly creating a more 

accurate measure of apathy and more sensitive predictor of disease progression than either subject or informant 

report alone. Of note, the CN elderly in our study were at risk for AD purely due to advanced age, and we do 

not know which of them, if any, have underlying AD. Therefore, it is entirely possible that the increasing apathy 

observed in our CN participants over time was in fact due to normal aging rather than underlying AD. Indeed 

previous studies have suggested such an association between apathy and normal aging (86). However, 

regardless of the apathy’s etiology, our study does suggest that CN elderly have greater awareness of their 

apathy compared to informants and clinicians, while individuals with MCI have decreased awareness.  

 Prior studies have also applied factor analysis to the AES for data reduction purposes. During the initial 

creation and validation of the AES in a population of patients with stroke, probable AD dementia, depression, 

and healthy elderly, three factors were identified in the AES reporter variants: general apathy as the major 

factor, and two minor factors, lack of interest, as well as lack of insight or concern—a third factor which the 

AES-S lacked (46). A more recent study in 121 dementia patients identified two factors, general apathy and 

interest in the AES-C and AES-I, and only general apathy and what was termed “other” in the AES-S (87). 

These results correspond in part to our own findings: while a general apathy factor was not identified in our 

current analysis, interest and lack of insight or concern correspond to two of our three factors (“interest and 

motivation” and “awareness”). Differences in our results may have stemmed from the differences in subject 

samples, as prior studies included patients with stroke, depression, and dementia, as opposed to our study which 

focused on MCI and to a lesser extent CN elderly (46, 87). Of the three factors we identified, the interest and 

motivation factor had the strongest signal in our various analyses. 

 Prior cross-sectional and longitudinal studies have shown that apathy is greater in those with greater AD 

severity, ranging from MCI to severe dementia, and that apathy worsens as AD progresses over time (25, 26, 

30, 88). In the current study we too showed that apathy measured in various fashions worsens over time in 

individuals at risk for early AD. Moreover, in the current study, we explored different aspects of apathy and 

their progression over time and found that clinician and informant-reported interest and motivation, as well as 

task completion, worsened over time. In contrast, subjects only reported worsening over time for one of the 

three symptom clusters. These findings suggest that even in early AD, individuals may be less aware of their 

symptoms, including neuropsychiatric symptoms. 
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 Another striking and consistent finding in our study was the association between being male, as opposed 

to female, and worsening of apathy over time as measured by multiple constructs. These findings are in line 

with those of Brodaty and colleagues, where in a study of 76 healthy, community-dwelling elderly using the 

AES-I, there was a significantly greater increase in apathy over time in men than women (86). The authors 

postulated that the association between male sex and greater apathy might be attributable to several possibilities. 

One such possibility is decreasing testosterone with age, which has been associated with depressive symptoms 

in older men (89) and apathy in the context of Parkinson’s disease (90). If men with normal testosterone have 

comparable apathy to women, men with low testosterone may develop greater apathy compared to women. 

Other possibilities include higher rates of occupation outside the home among men in our study, leading to 

higher rates of retirement, which may cause apathy through loss of rewards and incentives (91). However, we 

did not have data on occupation history required to test such a hypothesis in this cohort.  Of note, differences in 

apathy between sexes have not been previously observed in the context of AD dementia (26) or MCI (27). 

Multiple studies have demonstrated an association between apathy and atrophy of the medial frontal 

regions in AD dementia. While Apostolova et al. found reduced gray matter thickness of the bilateral anterior 

cingulate and left medial frontal cortex (supplementary motor area) (34), Bruen et al. found cortical thinning of 

the anterior cingulate cortex bilaterally, frontal cortex bilaterally, head of the left caudate nucleus, and bilateral 

putamen (35). Tunnard et al. partially corroborated both studies with findings of atrophy in the left caudal 

anterior cingulate cortex, left lateral orbitofrontal cortex, and left superior and ventrolateral frontal regions (36). 

Associations between apathy and atrophy of the medial frontal regions have also been found in related 

neurodegenerative dementias (92). Moreover, associations between apathy and cortical amyloid burden have 

been detected as early as MCI (38). Since cortical thinning patterns associated with AD have been detected as 

early as the preclinical stages of AD in PiB-positive CN individuals (9, 93), it is plausible to hypothesize that 

apathy-associated patterns of atrophy may begin at the stage of MCI or earlier.  

Our findings regarding lower inferior temporal cortical thickness build on previous studies suggesting a 

role for lower inferior temporal cortical thickness as a predictor of greater apathy over time and the detection of 

inferior temporal cortex atrophy in the early stages of MCI (40, 63). In a study using ADNI data, Donovan et al. 

found reduced baseline inferior temporal cortical thickness to be predictive of increasing apathy over time 

across the AD continuum, including CN, MCI, and mild AD dementia subjects (40). Unlike the current study, 

this study did not detect a significant cross-sectional association between decreased thickness of the inferior 

temporal cortex and greater apathy; however, this may be due to the scale used to measure apathy, the 

Neuropsychiatric Inventory brief questionnaire (NPI-Q), which only features a single item for apathy with a 

possible score range of 0-3 (94). Many other clinical-imaging correlation studies of apathy in AD dementia 
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have used the full NPI scale, which has a wider range of scores (0-12) (44), but often was split into a 

dichotomous variable (present or absent apathy) (34-36, 42, 43). More comprehensive and sensitive measures of 

apathy, such as the AES employed here (possible score range 18-72), may reveal subtler cross-sectional 

associations between cortical thickness and apathy in individuals who may be in the early stages of AD. In a 

separate study using ADNI data, McDonald et al. identified accelerated inferior lateral temporal atrophy starting 

in the early stages of MCI (CDR sum of boxes 0.5-1.0) and continuing into mild AD dementia (63). Coupled 

with our findings, these studies suggest that inferior temporal atrophy may occur in individuals in the prodromal 

stages of AD and that regional atrophy in these stages of disease may be associated with the presence of apathy. 

However, our results are cross-sectional rather than longitudinal. Therefore, it is unclear whether the 

lower inferior temporal cortical thickness associated with apathy is the result of atrophy over time or an innate 

life-long trait which predisposes to apathy. Furthermore, while most of the subjects in this study are at high risk 

for developing AD dementia, we did not know which subjects or how many ultimately progressed to AD 

dementia. Therefore, the association between lower inferior cortical thickness and apathy may or may not be 

driven by underlying AD pathology. Further studies with molecular PET imaging visualizing AD pathology and 

longitudinal data are needed.  

Despite significant evidence for apathy-associated atrophy of the anterior cingulate cortex in AD 

dementia (35, 36), the lack of an association between lower anterior cingulate cortical thickness and apathy in 

our subjects may not be entirely surprising. While McDonald et al.’s study of longitudinal cortical atrophy in 

MCI and AD dementia did detect inferior lateral temporal atrophy in the early stages of MCI, it did not detect 

atrophy of the anterior cingulate cortex until impairment increased to a CDR sum of boxes score of 1.5-2.5 (63). 

The mean CDR sum of boxes score in MCI subjects in the current study was 1.7 and CN subjects were included 

as well, potentially reducing the possibility of observing a regional association with anterior cingulate cortex 

atrophy and apathy. Therefore, greater apathy may be associated with anterior cingulate atrophy only in later 

stages of the disease than examined by the current study, while inferior temporal atrophy may be associated 

with greater apathy at earlier stages of AD. 

It is difficult to explain the unexpected association between greater apathy and greater anterior cingulate 

cortical thickness observed in our study. When looking at the univariate unadjusted relationship between apathy 

and anterior cingulate cortical thickness, the directionality is the same as that found in the multivariate model. 

This suggests that the weak yet statistically significant relationship between greater anterior cingulate cortical 

thickness and greater apathy may be a real finding. This finding may suggest a compensatory or inflammatory 

response to AD pathology in the anterior cingulate cortex which precedes atrophy. Analogous phenomena have 

been identified in other brain regions. Functional MRI studies have shown a potential compensatory effect at 
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the stage of early MCI with increased hippocampal activity during a memory task, which later reverses to 

decreased activity at the stage of late MCI (95). The findings of increased anterior cingulate cortical thickness in 

CN and early MCI subjects and decreased anterior cingulate cortical thickness in mild-moderate AD dementia 

could be due to a similar compensatory phenomenon. However, this finding is in cortical thickness rather than 

function. There is some evidence to support a similar phenomenon with cortical thickness measurements in the 

earliest stages of AD. In an MRI study of early-onset familial AD mutation carriers, cortical thickness of the 

posterior cingulate, precuneus and parietotemporal association areas were greater in mutation carriers prior to 

the onset of cognitive impairment than in healthy controls, while thickness of the same areas after symptom 

onset was significantly less than that found in healthy controls (96). In a separate study, non-demented 

Apolipoprotein E i4 carriers had greater cortical thickness than non-carriers, but a stronger association between 

aging and cortical thinning between the ages of 48 and 75 years in cortical areas known to degenerate in AD 

(97). 

 

Limitations 

The current study has several notable limitations. First, both the longitudinal and cross-sectional 

components of our study were limited in statistical power due to small sample sizes, and therefore significant 

effects may have gone undetected by our analyses. Due to small sample sizes, we were also limited in the 

number of MRI ROI we could include in our linear regression, as well as the number of covariates that could be 

included in the multivariate models. However, our findings in the mixed effects models were statistically 

significant after adjusting for baseline diagnosis, sex, the interactions with baseline diagnosis and sex with time, 

baseline age, and premorbid IQ; our findings in the Cox proportional hazards regression models were 

significant after adjusting for sex, baseline age, premorbid IQ, processing speed, and memory; and our findings 

in the study of associations between apathy and cortical thickness were significant after adjusting for age, 

diagnosis, premorbid IQ, processing speed, and memory. Second, many analyses were performed in the current 

study. In considering the possibility that chance effects due to multiple testing were responsible for our findings, 

it might be noted that although the 0.05 level was used as a cutoff in all of the backward elimination analyses 

for mixed effects and Cox models, almost all significant effects of interest were significant at much more 

stringent levels and would have survived even a conservative Bonferroni correction.  Also, the consistency of 

the significant findings across different analyses further suggests that the results were unlikely to be chance 

effects. Third, results from the factor analysis performed using the AES-C items were used to identify factors 

that were then applied to the two other AES sub-scales. This generalization may not be valid. Fourth, our study 

did not include data on other potentially important biological predictors of AD such as Apolipoprotein E status, 
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amyloid and tau burden, and hypometabolism. However, of note, a prior study from our group employing the 

AES did explore associations between apathy, amyloid burden, and 18F-fluorodeoxyglucose (FDG) metabolism 

in the early AD spectrum (38). Fifth, none of the CN subjects in our cohort progressed to MCI, and future 

studies with larger samples of CN elderly followed over longer periods of time will be needed if the value of 

AES score as a predictor of progression from CN to MCI is to be determined. Additionally, in the cross-

sectional component of our study we were limited to observing anatomical changes in the brain. Apathy may 

also correlate with functional, metabolic, or molecular changes in the brains of MCI and CN individuals, which 

could not be detected in our study. The MRI component of our study was also limited by the cross-sectional 

nature of that analysis. Our study suggests that decreased inferior temporal cortical thickness is associated with 

greater apathy cross-sectionally. However, given the lack of longitudinal analysis, it is impossible to determine 

whether or not the decreased cortical thickness observed here is actually the result of pathology related atrophy 

or instead inherent to the subjects at baseline, predisposing them to apathy their entire life.  

 

Conclusions 

In conclusion, our results suggest that scores of the AES are driven by three clusters of symptoms: 

interest and motivation, task completion, and awareness. Our results also suggest that apathy increases over 

time in CN elderly and individuals with MCI and tends to be more severe in men and MCI. Compared to 

informants and clinicians, subjects demonstrated greater awareness of their apathy if cognitively normal, but 

appeared to have diminished awareness of apathy if they had MCI. Moreover, of the three reporter types 

included in this study, apathy scores reported by clinicians were most useful in predicting progression from 

MCI to AD dementia. This is in spite of the fact that clinicians who determined the diagnosis for subjects at 

each time point were blinded to apathy scores. Finally, our results suggest that greater clinician-reported apathy 

as measured by the AES-C is associated with lower inferior temporal cortical thickness and greater rostral 

anterior cingulate cortical thickness in MCI and CN elderly. This study demonstrates the utility of these various 

constructs of apathy in predicting disease progression in early AD, as well as the complicated trajectory of 

subjective neuropsychiatric concerns that parallels the trajectory of subjective cognitive concerns depending on 

subject (self) vs. informant-report.  

 

Suggestions for Future Work 

As noted in limitations, our study was limited in the number of potential confounders which could be 

included in our regressions, and we cannot exclude residual confounding in our analyses. Future studies will be 

required to replicate these findings in larger cohorts allowing adjustment for more potential confounders. Larger 
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studies with greater longitudinal follow-up are also needed to capture diagnostic transition from CN elderly to 

MCI, thereby allowing potential associations between AES sub-scale scores and incidence of MCI to be 

explored. Such studies should include information on AD risk factors, such as amyloid burden and 

Apolipoprotein E status, with intent of developing means for earlier AD diagnosis. Finally, future studies may 

compare other metrics for apathy to the AES, in order to determine the optimal apathy metric for use in 

preclinical AD. 

Regarding the cross-sectional MRI component of our study, our findings suggest that decreased inferior 

temporal cortical thickness is associated with greater apathy cross-sectionally. However, given the lack of 

longitudinal analysis, it is impossible to determine whether or not the decreased cortical thickness observed here 

is actually atrophy over time or instead inherent to the subjects at baseline. Future longitudinal studies with 

repeated MRI and clinical assessments will allow for better exploration of this relationship and will also help 

determine whether certain regional atrophy patterns predict greater apathy over time and progression to AD 

dementia. Due to small sample size, we were also limited in the number of cortical ROI that could be chosen for 

our analyses, and decreased thickness of other cortical regions associated with apathy in early AD may have 

been missed. Future studies may employ whole-brain exploratory analyses with voxel-based morphometry to 

test for such regions. Furthermore, in our study apathy was found to be associated with a specific pattern of 

cortical thickness; however, apathy may also correlate with functional, metabolic, or molecular changes in the 

brains of MCI and CN individuals. This is supported by studies showing apathy to correlate with regionally 

specific cortical changes in AD dementia, including microstructural alterations in white matter anisotropy of the 

left anterior cingulate cortex (57), reduced metabolism and perfusion of the anterior cingulate cortex (42, 58-61) 

and the orbitofrontal cortex (42, 58-60), decreased perfusion of the right temporoparietal cortex (98), and 

decreased perfusion of the prefrontal cortex and anterior temporal cortex (43). Apathy has also been associated 

with greater neurofibrillary tangle burden of the anterior cingulate cortex (99) in moderate to severe AD 

dementia and increased cerebrospinal fluid total tau and phospho-tau in mild AD dementia (100). These 

associations with apathy may also be present in CN elderly and MCI, and techniques such as resting-state 

functional MRI, FDG and PiB-PET may be used to investigate such possibilities in future studies. Larger 

samples are also needed in order to assess the relationship between apathy and regional cortical thickness within 

PiB-positive individuals who are more likely to have preclinical and prodromal AD than the inclusive group of 

CN and MCI subjects used in the current study, who could have been PiB-positive or negative. Finally, future 

studies may also explore associations between cortical thickness in individuals at risk for AD and apathy as 

measured specifically by the AES-I and AES-S, in contrast to the AES-C as reported here. 
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Table 1. Baseline demographics and characteristics of all subjects and individual diagnostic 

groups included in the longitudinal analysis of the AES sub-scales.   

 Characteristic All subjects MCI CN Significant Differences 

between  MCI vs CN粁 

N 75 57 18  

Age (years) 74.7±8.0 

(53-86) 

74.5±8.6  

(53-86) 

75.4±6.0  

(63-84) 

— 

Sex (% male) 58.7 70.2 22.2 Chi-square test=13.0, 

p=0.0003 

Education (years) 16.8±2.6 

(12-20) 

16.8±2.6  

(12-20) 

16.8±2.9  

(12-20) 

—   

 

AMNART IQ 122.4±6.6 

(100-131) 

122.1±7.0  

(100-131) 

123.4±5.3  

(111-130) 

— 

MMSE 27.8±1.9  

(23-30) 

27.3±1.9  

(23-30) 

29.4±0.8  

(28-30) 

Mann-Whitney U test, 

p<0.0001 

CDR-SB 1.3±1.1  

(0.0-3.5) 

1.7±1.0  

(0.5-3.5) 

0.0±0.1  

(0-0.5) 

Mann-Whitney U test, 

p<0.0001 

Digit Symbol 46.0±12.0 

(22-71)  

43.8±11.4  

(22-69) 

52.4±11.5  

(34-71) 

t=2.8, p=0.008 

RAVLT Total 

Learning  

37.9±12.1  

(18-71) 

33.2±9.0  

(18-55) 

50.4±10.3  

(34-71) 

t=6.6, p<0.0001 

AES-C 62.7±7.7 

(39-72) 

60.9±7.7  

(39-72) 

68.4±4.3  

(55-72) 

Mann-Whitney U test, 

p<0.0001 

AES-I 62.8±7.9 

(42-72) 

61.1±8.0 

(42-72) 

68.3±4.5 

(58-72) 

Mann-Whitney U test, 

p=0.0002 

AES-S 64.3±7.4 

(40-72) 

63.3±8.0 

(40-72) 

67.2±4.2 

(56-72) 

— 

AES-C (Apathy Evaluation Scale, clinician-reported, total score), AES-I (Apathy Evaluation 

Scale, informant-reported, total score), AES-S (Apathy Evaluation Scale, subject-reported, total 

score), AMNART IQ (American National Adult Reading Test intelligence quotient), CDR-SB 

(Clinical Dementia Rating sum of boxes), CN (cognitively normal), MCI (mild cognitive 
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impairment), MMSE (Mini-Mental State Examination), RAVLT (Rey Auditory Verbal Learning 

Test). 

All values (except for n and sex) represent mean ± standard deviation (range). 

粁 Results are displayed for statistically significant differences only. 
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Figure 1. Guercio et al. 
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Figure 1. Results of the factor analysis of the 18 AES items. 

Apathy Evaluation Scale (AES) 

粁 Items that were not retained in the factor analysis included:  (6) You put little effort into anything; (10) Someone has to tell you what 

to do each day; (12) You have friends; (13) Getting together with friends is important to you.     
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Table 2. Factor structure of Baseline AES following data reduction with Oblique Correlated (Promax Rotation) Factor Solution 粁    

Factors AES Item Number AES Item Loading 番 Standardized 

Variance Explained 

by Each Factor 

Cronbach Coefficient Alpha 

AES-C AES-I AES-S 

Interest & Motivation 1 0.84 7.15    0.92 0.87 0.89 

  5 0.83     

  7 0.81     

  14 0.75     

  17 0.60     

  3 0.60     

  18 0.57     

  4 0.55     

  16 0.48     

          

Task Completion 9 0.78 5.34 0.77 0.70 0.65 

  2 0.57     

  8 0.44     

          

Awareness 11 0.85 2.66 0.84 0.45 0.29 

  15 0.80     

       

AES sub-scale Items    0.93 0.89 0.90 
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粁 The displayed factor analysis used baseline clinician-reported AES (AES-C) scores as representative for data reduction purposes, and 

pooled across MCI and CN subjects. Raw Cronbach Coefficient Alpha values were then calculated for each factor for the AES-C, 

AES-I, and AES-S sub-scales as displayed.   Estimated correlations among factors:  Interest vs. Task = 0.61, Interest vs. Awareness = 

0.31, Task vs. Awareness = 0.34.  

番 AES Item Loadings are rotated factor pattern coefficients. 

AES (Apathy Evaluation Scale); AES-C (Apathy Evaluation Scale, clinician-reported); AES-I  (Apathy Evaluation Scale, informant-

reported) ; AES-S (Apathy Evaluation Scale, subject-reported); CN (cognitively normal); MCI (mild cognitive impairment).   
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Table 3. Mixed Effect Longitudinal Models with AES sub-scale Scores as Dependent Variables 

Dependent Variable Retained Predictors Effect (く) 95% CI p % Var Acct F % Var Acct F+R 

AES-S Male Sex -3.09粁 (-5.74, -0.44) 0.02 7.6 85.8 

  Year in Study -0.85 (-1.7347, 0.03623) 0.06     

              

AES-I Baseline Diagnosis 

MCI 

-7.60粁 (-11.61, -3.60) 0.0003 17.6 83.6 

  Year in Study -2.61 (-3.73, -1.49) <0.0001    

          

AES-C Baseline Diagnosis 

MCI 

-7.28粁 

(-11.27, -3.30) 

0.0005 23.3 85.6 

  Male Sex -0.84粁 (-4.39, 2.72) 0.64     

  Year in Study -3.05 (-4.18, -1.92) 0.002     

  Year in Study X Male 

Sex 

-2.89 

(-4.87, -0.92) 

0.005     

X denotes an interaction. 

Apathy Evaluation Scale, subject-reported sub-scale (AES-S); Apathy Evaluation Scale, informant-reported sub-scale (AES-I); 

Apathy Evaluation Scale, clinician-reported sub-scale (AES-C); confidence interval (CI); percent variance in dependent variable 

accounted for by fixed effects of model (% Var Acct F); percent variance in dependent variable accounted for by fixed and random 

effects of model (% Var Acct F+R); mild cognitive impairment (MCI) 

粁 く for a categorical predictor is the estimated difference in adjusted means for the categories.  
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Table 4. Mixed Effect Longitudinal Models with AES Factors as Dependent Variables     

Dependent Variable Retained Predictors Effect (く) 95% CI p % Var Acct F % Var Acct F+R 

AES-S Factors             

Awareness Male Sex -0.31粁 (-0.51, -0.11) 0.003 15.4 59.6 

  Year in Study -0.20 (-0.29, -0.11) <0.0001     

              

AES-I Factors             

Interest 

Baseline Diagnosis 

MCI -0.46粁 (-0.75, -0.18) 0.002 15.6 83.1 

  Year in Study -0.17 (-0.23, -0.11) <0.0001    

         

Task 

Completion 

Baseline Diagnosis 

MCI -0.46粁 (-0.74, -0.18) 0.002 10.9 83.9 

  Year in Study -0.12 (-0.20, -0.04) 0.006     

              

Awareness 

Baseline Diagnosis 

MCI -0.49粁 (-0.78, -0.19) 0.002 7.3 67.2 

         

AES-C Factors             

Interest 

Baseline Diagnosis 

MCI -0.46粁 (-0.72, -0.19) 0.0009 23.6 81.6 

  Male Sex -0.05粁 (-0.29, 0.19) 0.67     
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  Year in Study -0.21 (-0.28, -0.14) 0.0004     

  

Year in Study X 

Male Sex -0.19 (-0.31, -0.07) 0.003     

              

Task 

Completion 

Baseline Diagnosis 

MCI -0.41粁 (-0.65, -0.17) 0.001 12.3 73.4 

  Year in Study -0.10 (-0.18, -0.01) 0.02              

         

Awareness AMNART IQ 0.02 (0.0008, 0.03) 0.04 16.5 62.5 

  

Baseline Diagnosis 

MCI -0.48粁 (-0.76, -0.20) 0.001     

  Year in Study -0.13 (-0.23, -0.03) 0.01     

X denotes an interaction. 

Apathy Evaluation Scale, subject-reported sub-scale (AES-S); Apathy Evaluation Scale, informant-reported sub-scale (AES-I); 

Apathy Evaluation Scale, clinician-reported sub-scale (AES-C); confidence interval (CI); percent variance in dependent variable 

accounted for by fixed effects of model (% Var Acct F); percent variance in dependent variable accounted for by fixed and random 

effects of model (% Var Acct F+R); mild cognitive impairment (MCI); American National Adult Reading Test intelligence quotient 

(AMNART IQ). 

粁 く for a categorical predictor is the estimated difference in adjusted means for the categories.  
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Figure 2. Guercio et al. 

 

 

 

 

Figure 2. Predicted values for AES-C, -I and -S Total scores from the fixed portions of respective mixed effects models including the 

fixed predictors: Baseline Diagnosis (CN vs. MCI), Time in the Study (linear and quadratic), and the interaction of Baseline Diagnosis 
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X Time in Study (linear and quadratic).  (Intercepts and the linear term for time were random terms).  Each symbol corresponds to a 

person-visit record.  Forced best fit models were used to graphically illustrate the different trajectories of the AES-C vs AES-I vs 

AES-S scores, irrespective of whether individual predictors in models were statistically significant or not.          

AES (Apathy Evaluation Scale); AES-C (Apathy Evaluation Scale, clinician-reported); AES-I (Apathy Evaluation Scale, informant-

reported); AES-S (Apathy Evaluation Scale, subject-reported); CN (clinically normal); MCI (mild cognitive impairment) 
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Figure 3. Guercio et al. 

 

 

Figure 3. Predicted values for AES-C scores from the fixed portion of the mixed effects model including the fixed predictors: 

Baseline Diagnosis (CN vs MCI), Sex, Time in the Study (linear), and the interaction of Sex X Time in Study.  (Intercepts and the 

linear term for time were random terms).  Each symbol corresponds to a person-visit record. 
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AES-C (Apathy evaluation scale, clinician-reported); CN (clinically normal); MCI (mild cognitive impairment) 
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Figure 4. Guercio et al.  

 

 

Figure 4. AES-S vs. AES-I vs. AES-C scores of subjects with MCI at baseline, who remained stable or progressed to AD dementia 

over time. Pyramid = MCI progressed to AD dementia; Circle = Stable MCI. AES sub-scale scores are values at baseline.  Due to 
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overlap of points, 2 stable persons are hidden in upper right. Mild cognitive impairment (MCI); AES-S (Apathy Evaluation Scale, 

subject-reported sub-scale); AES-I (Apathy Evaluation Scale, informant-reported sub-scale); AES-C (Apathy Evaluation Scale, 

clinician-reported sub-scale).
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Table 5. Cox Proportional Hazards Regression Analysis Showing Significant Predictors of Time to Progression from MCI (n = 39) to 

AD dementia (n = 11) Retained in the Final Models 

Model 

Full Model  

ぬ² 粁 df P Predictors Retained HR番 95% CI 

Predictor ぬ² 粁 

(df = 1) p 

AES sub-scale 

Scores 20.63 2 <0.0001 Digit Symbol 1.07 (1.01, 1.13)  5.42 0.02 

        AES-C Score 1.19 (1.09, 1.32)  13.02 0.0003 

                  

AES-C Factors 18.28 2 0.0001 Digit Symbol 1.08 (1.02, 1.16)  5.55 0.02 

      Interest 8.62 (2.60, 33.56)  11.22 0.0008 

           

AES-I Factors 17.07 2 0.0002 Digit Symbol 1.10 (1.03, 1.19)  6.84 0.009 

        Interest 5.88 (2.07, 19.61)  9.97 0.002 

                  

AES-S Factors 5.73 1 0.02 Digit Symbol 1.06 (1.01, 1.12)  5.48 0.02 

For all models, initial covariates included: sex, baseline age, baseline American National Adult Reading Test verbal intelligence 

quotient, baseline Digit Symbol score, and baseline Ray Auditory Verbal Learning Test total learning score. For model “AES sub-

scale Scores,” initial predictors of transition from MCI to AD dementia included baseline total scores for the subject-reported Apathy 

Evaluation Scale (AES-S), informant-reported Apathy Evaluation Scale (AES-I), and clinician-reported Apathy Evaluation Scale 

(AES-C). For model “AES-C Factors,” initial predictors included scores of the three AES symptom clusters, Interest, Task 

Completion, and Awareness, as measured by baseline AES-C. For model “AES-I Factors,” initial predictors included scores of the 
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three AES symptom clusters as measured by baseline AES-I.  For model “AES-S Factors,” initial predictors included scores of the 

three AES symptom clusters as measured by baseline AES-S.  

AD (Alzheimer’s disease); CI (confidence interval); df (degrees of freedom); HR (hazard ratio); MCI (mild cognitive impairment). 

粁 Likelihood Ratio chi-square (ぬ²) test is a test of the model as a whole, whereas chi-square tests based on the Wald Test are used for 

individual predictors.   

番 The hazard ratio (HR) displayed for each retained predictor is the ratio of the probabilities of transitioning to AD dementia for a one 

unit increase in continuous predictor or a change in categories for a categorical predictor.   Displayed HR’s are inverted from the 

original analysis results to best illustrate the effect of increasing apathy (as denoted by a decreasing AES sub-scale or factor score) on 

risk of progression from MCI to AD dementia.      
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Figure 5. Guercio et al. 
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Figure 5. Predicted Kaplan-Meier curves from the Cox Proportional Hazards Regression model using AES sub-scale scores 

illustrating progression from baseline diagnosis of MCI to AD dementia over time, as predicted by AES-C score (with lower score 

indicating greater apathy) and Digit Symbol score combined. Note the curve representing individuals with both AES-C scores and 

Digit Symbol scores one standard deviation above the mean (indicating less apathy and less cognitive impairment) show the slowest 

rate of progression to AD dementia, while the curve representing individuals with both AES-C scores and Digit Symbol scores one 

standard deviation below the mean (indicating greater apathy and greater cognitive impairment) show the fastest rate of progression to 

AD dementia. AD (Alzheimer’s disease); AES-C (Apathy Evaluation Scale, clinician-reported sub-scale); MCI (mild cognitive 

impairment); +1 SD (one standard deviation above the mean); -1 SD (one standard deviation below the mean). 
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Table 6. Demographics and characteristics of all subjects and individual diagnostic groups included in the cross-sectional analysis of 

apathy-associated cortical thickness.   

 Characteristic All subjects MCI CN 

Significant Differences 

between  MCI vs CN 粁 

N 66 47 19 —  

Age (years) 

74.6±7.7  

(53-86) 

74.5±8.4  

(53-86) 

75.1±5.9  

(63-84) 

__ 

Sex (% male) 59.1 74.5 21.1 

Chi-square test=16.0, 

p<0.001 

Education (years) 

17.0±2.5  

(12-20) 

17.0±2.4  

(12-20) 

17.1±2.9  

(12-20) 

__ 

AMNART IQ 

122.1±7.1  

(100-131) 

121.5±7.6  

(100-131) 

123.5±5.3  

(111-130) 

__ 

MMSE 

28.1±1.8  

(24-30) 

27.6±1.8  

(24-30) 

29.6±0.7  

(28-30) 

Mann-Whitney U test, 

p<0.001 

CDR-SB 

1.3±1.1  

(0.0-3.5) 

1.7±1.0  

(0.5-3.5) 

0.0±0.1  

(0-0.5) 

Mann-Whitney U test, 

p<0.001 

Digit Symbol 

46.7±12.4  

(21-71) 

44.3±12.3  

(21-69) 

52.4±11.1  

(34-71) 

t=2.49, p=0.02 

RAVLT  

38.3±12.1  

(18-71) 

33.2±8.6  

(18-55) 

51.1±9.8  

(34-71) 

t=7.37, p<0.001 

AES-C 63.0±7.6  61.0±7.7  68.4±4.1  Welch’s t-test, t=4.85, 
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(39-72) (39-72) (55-72) p<0.001 

 

AES-C (Apathy Evaluation Scale, clinician rated), AMNART IQ (American national Adult Reading Test intelligence quotient), CDR-

SB (Clinical Dementia Rating sum of boxes), CN (clinically normal), MCI (amnestic mild cognitive impairment), MMSE (Mini-

Mental State Examination), RAVLT (Rey Auditory Verbal Learning Test total learning). 

All values (except for n and sex) represent mean ± standard deviation (range). 

粁 Results are displayed for statistically significant differences only. 
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Table 7. Model of association of AES-C scores and MRI ROI cortical thickness, displaying predictors retained in the final models. 

 

Model: R
2
=0.31, p=0.0001  

Retained Predictors く 95% CI for く p 

Inferior Temporal Cortex 18.07 6.45, 29.70 0.004 

Anterior Cingulate Cortex -10.03 -19.38, -0.68 0.04 

Diagnosis of MCI -6.52 -10.10, -2.95 0.0007 

 

AES-C (Apathy Evaluation Scale, clinician rated), く (partial regression coefficient estimate), CI (confidence interval), CN 

(clinically normal), MCI (amnestic mild cognitive impairment), MRI ROI (magnetic resonance imaging region of interest). 
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Figure 6a. Guercio et al.  

 

 

 

 

 

ヮ Э ヰくヰヰヴ 
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Figure 6b. Guercio et al. 

 

 

Figure 6. Panel (a) Partial regression plot of adjusted inferior temporal cortex vs. adjusted AES-C in all subjects. Inferior temporal 

cortex and AES-C have been adjusted for other predictors retained in the model. Panel (b) Partial regression plot of adjusted anterior 

cingulate cortex vs. adjusted AES-C in all subjects. Anterior cingulate cortex and AES-C have been adjusted for other predictors 

retained in the model. Red, unfilled markers indicate CN individuals. Blue, filled markers indicate MCI individuals. Lower AES-C 

ヮ Э ヰくヰヴ 
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scores indicate greater apathy. AES-C (Apathy Evaluation Scale, clinician-rated), CN (clinically normal elderly), MCI (amnestic mild 

cognitive impairment). 
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