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Abstract

Objectives: The purpose of the present study was to validate the Apathy Evaluation Scale, self-rated version (AES-S), and
assess the severity of apathy in a cognitively healthy middle-aged cohort at risk for Alzheimer’s disease (AD). Method: Three
hundred and sixteen middle-aged adults were selected to represent a subset of the Wisconsin Alzheimer’s Disease Research
Center Clinical Core: the Investigating Memory in People At-risk, Causes and Treatments cohort. Results: An exploratory factor
analysis (EFA) with varimax rotation identified 3 subscales: apathy, disinterest, and social withdrawal factors. Confirmatory factor
analysis confirmed the EFA findings. Results indicated acceptable convergent and discriminant validity. The AES-S is a reliable
instrument to quantify apathy in cognitively healthy middle-aged individuals at risk for AD. Discussion: This study demonstrates
the AES-S is a psychometrically sound measurement tool for assessing levels of apathy in a cognitively healthy middle-aged cohort

at risk for AD.
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The pathophysiological process of Alzheimer’s disease (AD)
starts years before the clinical diagnosis."* About 47 million
Americans had preclinical AD in 2017.2 The preclinical phase
of AD,? that is, the initial yet active phase of disease without
apparent clinical symptom manifestation, is considered the
optimal time to implement preventative strategies and inter-
vene with the disease progression before any significant brain
damage occurs.” Therefore, to fully characterize the preclinical
phase, it is important to consider not only traditional AD bio-
markers including cerebrospinal fluid (CSF) analyses and neu-
roimaging data but also behavioral markers altered during the
preclinical phase.

Apathy, defined as loss of motivation or interest, is an
alarming behavioral symptom associated with a number of
neuropsychiatric conditions, including several types of demen-
tia.* Apathy symptoms in cognitively normal older adults and
individuals with mild cognitive impairment (MCI) were exam-
ined, and results suggested apathy was a robust predictor of the
progression from MCI to AD dementia.® Others have identified
apathy as a risk factor for the progression to dementia in per-
sons with MCI.” Administering psychometrically sound clini-
cal tools to measure behavioral and psychological symptoms,
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including apathy, may be a cost-effective and noninvasive
method to identify preclinical signs of AD.

Given the potential of neuropsychiatric symptoms, such as
using apathy as an indicator for risk of AD,*’ identifying valid
measures of apathy in a preclinical population is a critical step
toward the development of behavioral disease markers. Previ-
ously, scales were developed to measure levels of apathy in
healthy people (eg, Dimensional Apathy Scale, Apathy Moti-
vation Index).'”!" Besides, Marin et al’ developed the Apathy
Evaluation Scale (AES) to quantify apathy in a clinical sample
comprising participants who were depressed, poststroke, or
diagnosed with probable AD. The scale has 3 versions: self-
rated (AES-S), clinician-rated (AES-C), and informant-rated
(AES-I). Using factor analysis, 3 factors were identified for the
scale, including general apathy, disinterest/amotivation, and
lack of concern.” The AES has been validated in various clin-
ical cohorts, including individuals with AD,12 individuals with
severe mental illness,'* and older individuals with significant
cognitive deficits referred to a dementia assessment clinic.'*
However, its usefulness and applicability in clinically normal
populations has not been established, due to the lack of effec-
tive clinical assessment tools to evaluate apathy in middle-aged
individuals in the current literature. Furthermore, little is
known about the levels and nature of apathy in cognitively
healthy middle-aged individuals at risk for AD.

Therefore, the current study utilizes the AES-S to assess
apathy in cognitively healthy middle-aged individuals at risk
for AD. This study examines (1) the factorial structure of the
AES-S, (2) the internal consistency of the AES-S, (3) the con-
vergent and discriminant validity of the AES-S using well-
known clinical measures, and (4) group differences based on
risk for AD (ie, apolipoprotein E [APOEe4] and parental his-
tory) in apathy scores.

Methods

Participants

Analyses included data from 316 middle-aged adults (age
range = 45-65) enrolled in a subset of the Wisconsin Alzhei-
mer’s Disease Research Center’s Clinical Core: Investigating
Memory in People At Risk, Causes and Treatments (IMPACT)
cohort. Participants were included in the analysis if: (1) they
completed the AES-S and (2) did not have a diagnosis of AD or
MCI. Study partners of IMPACT participants completed the
AES-1. Participants were required to identify someone who
knew them well as a study partner. Study partners were typi-
cally spouses, siblings, or close friends.

Measures

Apathy Evaluation Scale. Apathy was assessed with the self-rated
(AES-S) and informant (AES-I) versions of the AES.> The AES
consisted of 18 items, each with a 4-point Likert response scale
ranging from 1 = not at all true to 4 = a lot true. Scores for each
item are summed; higher scores indicate greater levels of

apathy. All but 3 items (items 6, 10, and 11) are reverse-
scored in order to be consistent with total scale scoring; such
higher scores correspond to higher levels of apathy. The pri-
mary scale used in this study was the AES-S. The AES-I was
used to test validity. The reported internal consistency reliabil-
ity coefficient (Cronbach’s o) was 0.86 for the AES-S and 0.94
for AES-L.° The reported test—retest reliability for the AES-S
was 0.76.°

Center for Epidemiological Studies Depression Scale. Depressive
symptoms were assessed with the Center for Epidemiological
Studies Depression Scale (CES-D).'> The scale includes 20
items; each is self-rated for frequency over the past 2 weeks
with a 4-point Likert response scale ranging from 0 = rarely or
none of the time to 3 = most or all of the time. Responses are
summed over the 20 items to produce a CES-D total score,
which ranges from 0 to 60. Higher scores correspond to higher
levels of depressive symptomatology.

Mini-Mental State Examination. Global cognitive status was
assessed with the Mini-Mental State Examination (MMSE),'®
a 30-point clinician-administered scale measuring 5 areas of
cognitive function: (1) orientation, (2) registration, (3) atten-
tion and calculation, (4) recall, and (5) language. The MMSE
has been validated and extensively applied in both clinical
practice and research to estimate global cognitive abilities.

Neuropsychiatric Inventory Questionnaire. The Neuropsychiatric
Inventory Questionnaire'” is a brief version of the Neuropsy-
chiatric Inventory (NPI).'® This clinician-administered evalua-
tion uses an algorithm to assess neuropsychiatric symptoms in
persons with dementia. The presence of symptoms, including
apathy, depression, and delusion, is first identified, and the
severity of presenting symptoms is then evaluated. Severity
is ranked on a 3-point scale, ranging from 1 = mild to
3 = severe. Clinicians were naive to questionnaire and cogni-
tive data when collecting NPI data. In the current research,
3 items (ie, apathy, depression, and delusions) were used to
assess convergent and discriminant validity of the AES-S, and
the Neuropsychiatric Inventory Questionnaire (NPI-Q) was
administered to family/friend informants during a face-to-
face interview.

Parental history and APOEe4. Parental history of AD was
obtained from participant self-report in interview. The APOFEe4
status was determined from blood samples. We categorized
APOEe4 status as either a carrier (e2/4, e3/4, e4/4) or noncar-
rier (€2/2, €2/3, e3/3).

Data and Statistical Analysis

Descriptive analyses were conducted to characterize the study
sample. An exploratory factor analysis (EFA) and a subsequent
confirmatory factor analysis (CFA) were conducted with the
Statistical Packages for the Social Sciences (version 24) and
the analysis of moment structures (version 23). Cronbach o was
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Table |. Demographic and Clinical Characteristics of Participants.>><

Participants, Range Statistic

Variables Mean (SD) (Min-Max)

Age (years) 57.23 (5.18) 20.70 (45-65)

Education (years) 15.97 (2.49) 16 (9-25)
Apathy Evaluation Scale—self-rated 24.85 (5.94) 44 (18-62)
Apathy Evaluation Scale—informant 24.17 (6.97) 54 (18-72)
Mini-Mental State Examination 29.28 (1.1) 9 (21-30)
Center for Epidemiologic Studies 7.52 (7.07) 43 (0-43)

Depression Scale

n (%)

Gender

Male 94 (29.7)

Female 222 (70.3)
Race

White 285 (90.2)

Black 31 (9.8)
Marital status

Married 242 (76.6)

Widowed 6 (1.9)

Divorced 30 (9.5)

Separated 3(0.9)

Never married 20 (6.3)

Living as married Il (3.5)

Other 4 (1.3)
APOEe4 status

No allele e 4 192 (60.8)

Heterozygous 4 95 (30.1)

Homozygous 4 17 (5.4)

Genotype 24 10 (3.2)

Missing 2 (0.6)
Parental history of AD

Negative parental history 62 (19.6)

Positive parental history 226 (71.5)

Unknown 28 (8.9)

Abbreviation: APOE, apolipoprotein E.

Apathy Evaluation Scales—self-rated or informant rated: total score = 72.
®Mini-Mental State Examination: total score = 30/30. Scores above 26/30 are
within normal limits.

“Center for Epidemiologic Studies Depression Scale: total score = 60.

calculated to determine the internal consistency of each iden-
tified factor. To investigate the convergent and discriminant
validity of the AES-S, correlational analyses with clinical vari-
ables of interest were conducted, and an independent-samples
t test and 1-way analysis of variance were used to examine the
relationship between scores on the apathy factor of the AES-S
with genetic risk factor APOEe4 status and parental history.

Results

Description of Participants

Table 1 shows demographic and clinical characteristics of the
sample. Mean age was 57.23 years, and participants were
highly educated. The majority of participants were female and
white. Risk for AD due to a genetic risk factor and parental

history was overrepresented in this sample. Two hundred
twenty-six (71.5%) the participants endorsed a parental history
of AD, and 112 (35.5%) participants were either hetero- or
homozygous APOEe4 allele carriers.

Exploratory Factor Analysis

The 18 x 18 correlation matrix of the AES-S was subjected to a
principal components analysis. The Kaiser-Meyer-Olkin mea-
sure of sampling adequacy of 0.86 is considered reasonable,
and the Bartlett test of sphericity is significant (x*[153, N =
316] = 2081.46, P < .001), indicating the correlations within
the data set are appropriate for factor analysis. Principal com-
ponents analysis with varimax rotation identified 4 factors with
an eigenvalue >1.0, accounting for 54.56% of the variance.
However, following inspection of the scree plot, a 3-factor
model was determined to be most meaningful. The first and
the most prominent factor, “apathy” (eg, “I have motivation,”
reverse-scored), comprised 11 items and accounted for 33.61%
of the variance. The second factor, “disinterest” (eg, “I am
interested in things.”), comprised 4 items and accounted for
8.28% of the variance. The third factor, “social withdrawal”
(eg, “I have friends.”), comprised 3 items and accounted for
6.73% of the variance. Table 2 presents the results of our EFA
for the AES-S.

Confirmatory Factor Analysis

As our sample size precluded splitting the data set into 2 sam-
ples, we conducted a CFA to confirm the EFA findings on the
same data. This approach is supported by authors'® who noted
the usefulness of understanding the (lack of) fit via CFA on the
same data where the factor model was derived prior to cross-
validating the results on different samples in subsequent
studies. As suggested by authors, the goodness of fit of the
measurement model was evaluated through the %> goodness-of-
fit test, x*/df ratio, the standardized root mean square residual
(SRMR), the comparative fit index (CFI), and the goodness-of-
fit index (GFI). According to these guidelines, models having a
nonsignificant % a relative y* (x2/df) in the range of 3 to 1,
and values greater than 0.90 for the GFI and CFI are considered
to have an acceptable fit. In addition, a root mean square error
of approximation (RMSEA) with 90% confidence interval (CT)
was reported, where a value of less than 0.05 is considered a
close fit and values up to 0.08 are considered reasonable errors
of approximation in the population.*!

The initial 3-factor CFA model indicated a relatively poor
fit for the data: x* (132, N = 316) = 389.52, P <.001; y*/df =
2.95, SRMR = 0.07; CFI = 0.87; GFI = 0.87; and RMSEA =
0.08, 90% CI = 0.07 to 0.09. An examination of modification
indexes revealed one pair of error terms, suggesting high cor-
relation between selected questionnaire items: (1) item el7
(“I have initiative.”) with item el8 (“I have motivation.”).
Correlated errors frequently occur between items using similar
wording or appearing in close physical proximity to each other
on the questionnaire*? and reduce the accuracy of the model fit.
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Table 2. Factor Structure of the AES-S Principal Components
Analysis With Varimax Rotation Method. €)
Social m w )&
AES-S Apathy Disinterest Withdrawal : 18| -—ED
I7. 1 have initiative 0.67 v w80
16. Getting things done during the ~ 0.67 . @
day is important to me 57
18. | have motivation 0.67 o o> 9e©
8. Seeing a job through to the end  0.61 / 3 ﬂ )
is important to me y 3
2. | get things done during the day  0.58 h T E ©
9. | spend time doing things that 0.55 €)
interest me )
15 €13
6. | put little effort into anything 0.50 .
3. Getting things started on my 0.49 m &3
own is important to me
Il. I am less concerned about my  0.48 &0
problems than | should be ' 78 [ ma
I5. | have an accurate 0.43 Dot — )
understanding of my problems T ®
10. Someone has to tell me what 0.33
to do each day &
4.1 am interested in having new 0.79
experiences
5.l am interested in learning new 0.79 48 &
things i 76
I. I am interested in things 0.55 N 78 =
7. | approach life with intensity 0.51 &
13. Getting together with friends 0.85
is important to me
:i wive frlendsh. d 33; Figure |. Confirmatory factor analysis results of Apathy Evaluation
: en something goo : Scale, self-rated version (AES-S).
happens, | get excited
Eigenvalue 6.05 1.49 1.21
% Variance 33.61 828 6.73 Table 3. Pearson Product—Moment Correlation Between AES-S
Reliability 0.82 0.71 0.70 Subscales and AES-I, NPI-Q Apathy, NPI-Q Depression, NPI-Q

Abbreviations: AES-S, Apathy Evaluation Scale, self-rated.

Results of the respecified 3-factor CFA model indicated a very
good model fit, xz (131, N = 316) = 292.77, P < .001; how-
ever, y2/df = 2.23 was less than 3, SRMR of 0.06 was less than
0.08, CFI 0f 0.92 was greater than 0.90, GFI of 0.91 was greater
than 0.90, and RMSEA of 0.06 (90% CI: 0.05-0.07) was below
the value of 0.08; all these indexes meet the criteria of good
model fit.*° Although the % was still significant, all other fit
indices were within acceptable ranges. As a result, the overall
CFA results suggested the 3-factor model fit the data ade-
quately well after connecting one pair of error term. All items
in the 3-factor model significantly loaded their respective fac-
tors. Figure 1 depicts the CFA for the AES-S.

Reliability

Reliability coefficients (Cronbach o) were .82 for the “apathy”
subscale, .71 for the “disinterest” subscale, and .70 for the
“social withdrawal” subscale, demonstrating acceptable inter-
nal consistency for each factor.

Delusion, MMSE, and CES-D.

Measures Apathy  Disinterest  Social Withdrawal
Apathy -

Disinterest 0.56° -

Social withdrawal 0.43* 0.42* -

AES-| 0.27¢ 0.25° 0.17°
NPI-Q apathy 0.13¢ 0.01 —0.04
NPI-Q depression 0.27% 0.25% 0.20*
NPI-Q delusions 0.04 0.01 —0.06
MMSE —0.14° —0.06 —0.04
CES-D 0.46° 0.32° 0.27°

Abbreviations: AES-S, apathy Evaluation Scale, self-rated; AES-I, Apathy
Evaluation Scale, Informant-rated; CES-D, Center of Epidemiological Studies
Depression Scale, MMSE, Mini-Mental State Examination; NPI-Q,
Neuropsychiatric Inventory Questionnaire.

2P <.001.

°p<.0l.

P < .05.

Convergent and Discriminant Validity

Table 3 presents the results of the correlational analyses. As
expected, there were modest to high correlations among the 3
subscales of the AES-S. Likewise, the AES-I total score was
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significantly correlated with the apathy, disinterest, and social
withdrawal subscales of the AES-S. Suggesting convergent
validity, the apathy subscale was significantly associated with
the apathy item of the NPI-Q, suggesting good convergent
validity. As expected, apathy, disinterest, and social with-
drawal subscales were modestly correlated with the depression
score of the NPI-Q and with the CES-D total score. We used the
CES-D total score for validation purposes. However, as an
additional analysis, we calculated the anhedonia score from the
CES-D to see how disinterest factor of the AES-S correlates
with anhedonia score of the CES-D. Based on this analysis,
anhedonia was significantly correlated with disinterest (» =
0.23, P <.001). Discriminant validity was assessed by exam-
ining the association between the subscales of the AES-S and
the report of delusions on the NPI-Q. There was no association
between these measures. We tested whether subscales of AES-
S correlate with cognitive functioning and found only the
apathy subscale was significantly associated with MMSE total
score. No significant correlations were found between MMSE
and disinterest and social withdrawal subscales.

Group Differences in Apathy Levels

A series of independent-samples ¢ tests were conducted to com-
pare AES-S scores in carriers and noncarriers of a genetic risk
factor, APOFEe4, and between parental history groups. No dif-
ferences were found in the AES-S scores for e4 allele noncar-
riers (mean = 24.57, standard deviation [SD] = 5.48) versus e4
allele positive status (mean = 25.35, SD = 6.62), f3;, = —1.13,
P = .26. Likewise, no differences were found in the AES-S
scores for positive parental history (mean = 24.75, SD = 5.52)
versus negative parental history (mean = 24.40, SD = 5.81);
t286 = —043, P =.67.

Discussion

Our results suggest the AES-S is a useful and reliable instru-
ment to quantify and measure the severity of apathy symptoms
in cognitively healthy middle-aged individuals at risk for AD.
On average, these cognitively healthy, middle-aged partici-
pants report a minimal level of apathy symptoms. Nonetheless,
exploratory and confirmatory factor analyses results suggest
the AES-S exhibits a 3-factor structure in this population: (1)
apathy, (2) disinterest, and (3) social withdrawal. The 3-factor
structure found in the current study is largely similar to previ-
ous factor analysis findings obtained from differing clinical
cohorts using either the AES self-rated version™* or clinician
version.>'>13 In contrast, a 2-factor structure in the AES-S was
found in a sample of individuals with cognitive deficits or
dementia."* Our data were collected from unique population,
differing from participants of Marin and colleagues’ original
study.® Understandably, our participants may experience, eval-
uate, or perform quite differently with respect to measures of
apathy. Therefore, the heterogeneity of research participants in
each study can change items of specific factors of the AES-S.

All the AES-S subscales were found to have a significant
correlation with the AES-I total score, and yet only the apathy
subscale of AES-S was correlated with the apathy score of the
NPI-Q. As expected, the subscales of the AES-S were associ-
ated with CES-D total score and the depression item of the NPI-
Q; however, the levels of associations were small to moderate.
Interestingly, the association between the depression item of
NPI-Q and apathy factor was higher than the association
between the apathy item of NPI-Q and the apathy factor. This
finding is consistent with previous findings.'* Although apathy
and depression are distinct neuropsychiatric syndromes, it is
important to note that there is considerable overlap between
apathy and depression measurement, perhaps because depres-
sion questionnaires assess apathy secondary to depression.**?
The subscales of the AES-S were not significantly associated
with the delusions item of the NPI-Q. Overall, the correlation
coefficients indicated the AES-S has acceptable convergent
and discriminate validity for cognitively healthy middle-aged
individuals at risk for AD.

Research exploring the relationship between apathy and
cognitive functioning is common in cognitively impaired popu-
lations'?; the relationship between apathy and cognitive func-
tioning is not well explored in cognitively healthy middle-aged
cohort nonetheless. Our analyses suggest an exclusive associ-
ation between cognitive performance and apathy, which only
the apathy subscale of AES-S had a significant inverse correla-
tion with MMSE scores. Such finding denotes a higher level of
apathy was associated with worse cognitive performance. The
mechanism underlying this association cannot be determined in
these analyses. It is possible that subtle cognitive defic?its
underlying apathy or the reverse or that both are reflective of
underlying preclinical pathology.

In group comparisons of levels of apathy, AES-S scores did
not statistically differ when risk factors (ie, APOEe4 and par-
ental history) were examined. Previous findings regarding the
relationship between 4POEe4 status and apathy using clinical
cohorts have been mixed. One study found higher rates of
apathy in APOEe4 carriers with AD.?® However, no significant
difference was found between 4APOEe4 carriers and noncarriers
with AD on the NPI depression—apathy score.?’

More than 70% of persons in the early stage of AD experi-
ence apathy, which often interferes with their social, physical,
and mental functioning.”® Additionally, apathy is associated
with mortality risk in cognitively impaired older adults.”° The
development of AD neuropathology likely begins long before
clinical signs become evident.*° In these preclinical stages,
behavioral and psychological symptoms, including apathy,
may be early disease indicators of AD pathology in cognitively
healthy older individuals. For example, mood changes in cog-
nitively healthy participants are associated with increased lev-
els of traditional AD biomarkers, including CSF and PET
Pittsburg Compound B.*' Some have suggested behavioral,
mood, and personality changes are among the earliest signs
of underlying neuropathological processes,>* supporting the
necessity for valid examinations for behavioral symptoms such
as apathy in the preclinical stages.
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Examining the preclinical phase of AD with less invasive
ways may also be more acceptable among patients, which may
increase treatment adherence and ultimately help health-care
professionals control the progression of AD. This study demon-
strates the AES-S has acceptable psychometric properties when
used in a population of cognitively healthy middle-aged indi-
viduals at risk for AD. Given apathy is a common and easily
measurable feature in AD and is a candidate behavioral marker
in the preclinical phase, identifying a valid, cost-effective, and
noninvasive assessment tool for apathy is imperative. Health-
care professional should educate their patients and families to
pay attention to such behavioral symptoms given the general
public may only pay attention to memory loss and see it as the
sole symptom of AD.

The current study presents some limitations. First, our
sample comprises a nonclinical, cognitively healthy middle-
aged group whose levels of apathy are generally low and
whose range of AES-S scores is restricted. Thus, caution
should be used in the interpretation of the correlation coeffi-
cients used to assess validity of the measure as some correla-
tions may be underestimates of associations. Second, most
participants were Caucasian and well educated; thus, the gen-
eralizability to other populations is limited. Third, the 3-factor
structure solution we identified in the AES-S has not been
tested for stability across samples or time, that is, longitudin-
ally. Future studies should use CFA in a different sample.
Fourth, we did not use receiver operating characteristic anal-
ysis to calculate cutoff values. However, researchers reported
cutoff values on the AES for healthy participants and patients.
For example, a score of 34 or higher indicates apathy for
healthy participants (2 SD above mean).>® Finally, this is a
cross-sectional study and thus cannot assess the usefulness of
the AES-S as a marker of AD risk; therefore, the predictive
value of the AES-S still needs to be evaluated through long-
itudinal studies. Despite these limitations, the current study
provides evidence of the validity of a simple, noninvasive
measure of apathy in a nonclinical population.
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