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Abstract

Objectives: Apathy is common in Alzheimer’s disease (AD) and has far-reaching impact on
patients’ clinical course and management needs. However, it is unclear if apathy is an integral
component of AD or a manifestation of depression in cognitive decline. This study aims to
examine interrelationships between apathy, depression and patients’ function.

Design, Setting, and Participants: A cross sectional study of well-characterized AD patients
in the National Alzheimer’s Coordinating Center Uniform Data Set (NACC-UDS) with Clinical
Dementia Rating (CDR) between 0.5 and 2.

Main Outcomes and Measures: Participants’ function was measured using the Functional
Assessment Questionnaire (FAQ). Apathy and depression were measured using clinician judgment
and also informant- reported Neuropsychiatric Inventory questionnaire (NPI-Q). Dementia
severity was categorized by CDR.

Results: Sample included 7,679 participants (55.7% men) with a mean(SD) age of 74.9(9.7)
years. 3,197 (41.6%) had apathy based on clinician judgment. Among those who had apathy,
approximately half had no depression. Presence of apathy was associated with 21%, 10% and 3%
worsening in function compared to those without apathy in CDR=0.5, 1, and 2 groups,
respectively. Depression was not independently associated with functional status. Results revealed
no interaction between apathy and depression.
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Conclusions: Apathy, but not depression, was significantly associated with worse function, with
the strongest effects in mild dementia. Results emphasize the need for separate assessments of
apathy and depression in the evaluation and treatment of patients with dementia. Understanding
their independent effects on function will help identify patients who may benefit from more
targeted management strategies.
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INTRODUCTION

Apathy is the most frequent behavioral symptom in patients with Alzheimer’s disease (AD),
occurring in about 65% of all patients~12, It appears early and often persists throughout all
stages of the disease and has far- reaching impact on patients’ clinical course and
management needs. Apathy is associated with more impairment in activities of daily living
(ADL) than patients’ cognitive status would otherwise suggest!1:13-17 and also is associated
with more rapid cognitive and functional decline, longer illness duration, and increased
dementia severity.2:3:17.18 Apathetic patients rely on caregivers to initiate activities that they
are otherwise incapable of doing by themselves, have worse quality of life and are more
likely to be institutionalized earlier.8:11.13.15.16.19 Caregivers of patients with apathy report
significantly higher levels of distress compared to caregivers of patients without apathy.11:20

Although less prevalent than apathy, depression in AD has received more attention in
dementia research. Substantial overlap in key symptoms often results in misinterpretation of
apathy as depression.2:3:8:14.16.21-26 However, nearly half of AD patients with apathy have
no concomitant depression. Growing evidence of distinct pathophysiology and differences in
appropriate pharmacological and psychosocial interventions has led to the conclusion that
apathy and depression have divergent natural histories, and that apathy is a separate and
distinct syndrome from depression.2:8:11,12,14,16,23,24,27

Functional disability is unsafe for patients with dementia’ anxiety provoking and
burdensome for families and caregivers. A large portion of costs of care for patients with
dementia can be attributed to functional disability.28 While it might be presumed that
cognitive decline or memory deficits drive functional decline’ several studies have identified
apathy and depression as important contributors to functional decline in AD patients.
9.11,14,15,17.29 These studies have been limited by relatively small sample sizes or use of
convenient clinical samples. The inter-relationships between apathy’ depression and function
across dementia severity have not been examined.

In this study” we aim to examine (1) when and how often does apathy appear in AD’ (2) if
apathy impinges upon functional status independent of cognitive status’ and (3) if apathy can
be distinguished from depression. Data used in this study were obtained from the National
Alzheimer’s Coordinating Center Uniform Data Set (NACC UDS)’ providing the largest
sample of AD patients with standardized assessments of apathy to be reported. As treatment
of apathy and depression differ’ understanding their independent effects on function will
help identify patients who may benefit from more targeted management strategies.
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Data Source and Sample Derivation

Measures

Data are drawn from the National Alzheimer’s Coordinating Center Uniform Data Set
(NACC-UDS)30. Recruitment’ participant evaluation’ and diagnostic criteria are detailed
elsewhere3l. Briefly’ beginning in September 2005’ participants have been followed
prospectively from 33 National Institute of Aging funded Alzheimer’s Disease Centers
(ADCs). Recruitment is ongoing. All ADCs enroll and follow participants with a
standardized protocol and provide data for research through NACC. Participants were
followed at approximately 12 month intervals using standard evaluations and reassessment
at each visit. Informed consent was provided by all participants and their informants. The
NACC-UDS provides systematic information on demographics, behavioral status, cognitive
testing, medical history, family history, clinical impressions, and diagnoses using
standardized forms. However, because each ADC enrolls participants with its own inclusion
criteria, NACC sample should not be considered a population based sample. Data used in the
current study are comprised of participants who were enrolled in NACC up to May 2015
who had a clinical diagnosis of AD as determined by clinician consensus at the initial visit.

Function.—Our main dependent variable is participants’ function, measured using the
Functional Assessment Questionnaire (FAQ) reported from interviews with study partners.32
The FAQ is often used in clinical settings to assess functional deficit for the elderly and
shows good sensitivity, specificity and inter-rater reliability. The FAQ asks whether the
participant had any difficulty or need help with 10 items in the previous 4 weeks on a scale
from 0-3, corresponding to normal (0), has difficulty but does by oneself (1), required
assistance (2), and dependent (3). Responses to each item are summed to obtain a total FAQ
score (range=0-30). Higher scores indicate worse function. Individual items could be
missing depending on whether the informant reported that the participant attempted the task
in the past 4 weeks. To adjust for these missing values, we divided the total FAQ score by
the number of tasks attempted to obtain a standardized score (range 0 to 3).33 Individuals
who were reported to have not attempted any tasks and had a missing value for all FAQ
items were excluded from the analysis. Constructed as such, the standardized FAQ score can
be considered an average rating of participant’s difficulty across all items.

Apathy and Depression.—One of the most frequently used scales to assess apathy and
depression in the literature is the Neuropsychiatric Inventory questionnaire (NPI-Q), a
retrospective (up to 1 month) informant based rating scale for psychopathology in patients
with dementia.3*35 In the NPI-Q, the informant reported presence of apathy (apathy or
indifference in the last month) and depression (depression or dysphoria in the last month). If
presence of a symptom is reported, then severity (1=mild, 2=moderate, 3=severe) is
subsequently rated. The content validity, concurrent validity, inter-rater reliability and test-
retest reliability of the NP1-Q have been established.34:36

As often as the NPI-Q is used,38 it is not a gold standard to assess apathy. Existing studies
suggest that it should not be used as the sole measure for assessing apathy.10 In the current
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study, presence of apathy and depression also is determined by clinician judgment within the
NACC assessment protocol, based on all available information including clinical
measurement, informant report, and medical records review, and indicates whether the
participant currently manifests meaningful change in behavior in apathy (yes=1, no=0), and
depressed mood (yes=1, no=0).

Demographics and other Clinical Characteristics.—Dementia severity was
measured by the Clinical Dementia Rating (CDR) which has the advantage of being well
standardized and segmenting dementia into well- understood levels of severity.3’
Demographic characteristics included age, sex, race (non-Hispanic white, non- Hispanic
black, vs. other), ethnicity (Hispanic/Latino vs. other), and years of education. Participant
medical history was self-reported and included history of hypertension,
hypercholesterolemia, urinary incontinence, thyroid disease, diabetes, cardiovascular
diseases, alcohol abuse, current smoking, congestive heart failure, Parkinson’s disease,
traumatic brain injury, sleep apnea.

Statistical Analysis

RESULTS

Relationship between apathy and depression and the standardized FAQ were estimated using
linear regression models. Separate models were estimated using clinician judgment and
informant-reported NPI-Q. For the model using clinician judgment, the main independent
variables include presence of apathy, presence of depression, and an interaction term
between depression and apathy. For the model using NPI-Q, the main independent variables
included fully interacted terms between depression (O=none, 1=mild, 2=moderate, 3=severe)
and apathy (O=none, 1=mild, 2=moderate, 3=severe). Control variables included age, sex,
race, ethnicity, years of education, an indicator for any APOE e4 allele, an indicator for
missing APOE information, and indicators for conditions reported by >5% of the
participants. These conditions included history of hypertension, hypercholesterolemia,
urinary incontinence, thyroid disease, diabetes, cardiovascular diseases, alcohol abuse, and
current smoking. Indicators for each ADC site at which the participant was recruited were
included to control for possible differences in site specific variations in data collection and
measurements.

Association between apathy, depression and individual FAQ items were estimated using
ordered logit regression. Adjusted odds ratios (AOR) greater than 1 indicates that the
independent variable is positively associated with worse functioning in the specific item.

All analyses were conducted by dementia severity to estimate. Analyses were performed
using Stata 13.0. Statistical significance was set a priori at p<0.05.

Sample Characteristics

The sample consists of 8,829 participants who had a clinical diagnosis of AD as determined
by clinician consensus at the initial visit. Of these, 738 participants with CDR=3 were
excluded because they had disproportional amount of missing data. For example, 27.8% of
participants with CDR=3 were not administered the MMSE (compared to 1%, 1.7%, 5% in
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those with CDR=0.5, 1, and 2), and 11.3% have missing values in NPI1-Q (compared to
1.9%, 3.2%, 3.7% in those with CDR=0.5, 1, and 2). 5 participants with CDR=0 were also
excluded. The analytic sample therefore includes 7,679 participants who were diagnosed
with AD with CDR of 0.5, 1, and 2 at their initial visits.

Of these 7,679 participants, 3,197 (41.6%) had apathy based on clinician judgment and
4,482 (58.4%) did not (Table 1). Prevalence of apathy is higher in those with more severe
dementia, ranging from 27.8% in those with CDR=0.5, 44.5% in CDR=1, to 58.8% in
CDR=2 (X2:369.971, df=2, p<0.001). Most common conditions included hypertension
(49.7%), hypercholesterolemia (48.3%), urinary incontinence (16.5%), thyroid disease
(14.2%), and diabetes (12.4%). XZ test showed that rates of urinary incontinence in
participants with apathy (17.8%) was higher than those without apathy (15.5%, X2:7.041,
df=1, p=0.008). Similarly, rate of diabetes in participants with apathy (13.7%) was higher
than those without apathy (11.4%, X2:8.566, df=1, p=0.003). Participants with apathy had
worse scores in all clinical measures than those without apathy. Specifically, compared to
those without apathy, participants with apathy had substantially worse scores in the overall
standardized FAQ (1.8(0.3) vs. 1.4(0.8), t=—21.416, df=7677, p<0.001), MMSE (19.8(5.7)
vs. 21.0(5.4), t=9.172, df=7677, p<0.001), NPI-Q (6.3(4.9) vs. 3.9(4.2), t=—23.430,
df=7535, p<0.001), and GDS (2.9(2.8) vs. 2.3(2.4), t=- 8.653, df=7203, p<0.001).

Comparison of Clinician Judgment of Apathy and Informant assessment

Clinician judgment of presence of apathy was correlated with informant assessment of
apathy but with disagreements. Among individuals with a clinician judgment of apathy,
69.7% were rated by their informant in the NPI-Q as having apathy, ranging from 68% for
those with CDR=0.5 or 1 to 73.4% for those with CDR=2 (Figure 1). Conversely, among
individuals who were without apathy by clinician judgment, 77.8% also were rated by their
informant as without apathy, ranging from 83.4% for those with CDR=0.5, 75.4% for those
with CDR=1, to 68.5% for those with CDR=2.

Estimated Effects of Clinician Judgment of Apathy on Function

Multivariate analyses revealed that apathy was significantly associated with worse FAQ
scores for all CDR groups (Table 2). Specifically, presence of apathy was associated with a
0.180(0.033) point increase in the standardized FAQ for those with CDR=0.5 (95%
Cl=[0.114, 0.245], t=5.41, p<0.001), a 0.176(0.027) point increase for those with CDR=1
(95% CI1=[0.114, 0.245], t=5.41, p<0.001), and a 0.062(0.032) point increase for those with
CDR=2 (95% CI=[0.001, 0.125], t=1.97, p=0.049). Putting these estimates into context with
the mean(SD) FAQ scores of 0.892(0.586), 1.718(0.656), and 2.541(0.456) for CDR=0.5, 1,
and 2 groups implies that apathy was associated with a 21%, 10% and 3% increase in the
FAQ compared to those without apathy in each group. On the contrary, association between
depression and function was statistically insignificant in all CDR groups. Specifically,
presence of depression was associated with a 0.003(0.039) point increase in the standardized
FAQ for CDR=0.5 (95% CI=[-0.073, 0.079], t=0.07, p=0.940), a 0.024(0.038) point
decrease for CDR=1 (95% CI=[-0.091, 0.049], t=—0.63, p=0.526), and a 0.032(0.049) point
increase for CDR=2 (95% CI=[-0.064, 0.297], t=0.65, p=0.513). The interaction term
between apathy and depression also were statistically insignificant for all CDR groups.
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Main effects models without the interaction term between apathy and depression showed
substantively similar results of strong associations between apathy and function. Chow test
for differences in regression coefficients by CDR groups showed that the magnitudes of the
effects were significantly larger in milder CDR groups (CDR=0.5 vs. CDR=1, F(3,
7807)=96.12, p<0.001; CDR=1 vs. CDR=2, F(3,5289)=59.23, p<0.001).38

Estimated Effects of Informant Assessment of Apathy on Function

Multivariate analyses including the interaction terms between informant assessed apathy and
depression revealed that as a group, the interactions were statistically insignificant for all
CDR groups (CDR=0.5, F(9,2365)=1.42, p=0.172; CDR=1, F(9,3647)=1.77, p=0.07;
CDR=2, F(9,1246)=0.78, p=0.64) (Table 3).

Main effects models showed that informant assessed depression was associated with worse
FAQ scores for individuals with CDR=0.5 (F(3,2374)=3.16, p=0.02), but associations were
statistically insignificant for CDR=1 (F(3,3656)=0.46, p=0.71) and CDR=2
(F(3,1225)=0.64, p=0.59) groups. Associations between apathy and FAQ are much stronger.
compared to individuals without apathy, those rated by their informant as having mild,
moderate, or severe apathy were associated with worse FAQ scores in all CDR groups
(CDR=0.5, F(3, 2374)=26.35; CDR=1, F(3, 3656)=25.67; CDR=2, F(3, 1255)=6.35, all
p<0.001). Within each CDR group, the magnitudes of the effect of apathy were larger for
those rated with moderate apathy than those with mild apathy (CDR=0.5, estimated
coefficient(SE)=0.320(0.040) vs. 0.140(0.028), F(1, 2374)=16.19, p<0.001; CDR=1,
estimated coefficient(SE)=0.192(0.030) vs. 0.085(0.025), F(1, 3656)=10.37, p=0.0013;
CDR=2, estimated coefficient(SE)=0.130(0.033) vs. 0.042(0.031), F(1, 1255)=6.06,
p=0.014). Effects of severe apathy was larger than moderate apathy in all CDR groups but
significant only in CDR=1 (estimated coefficient (SE)=0.369(0.051) vs. 0.192(0.030), F(1,
3656)=9.74, p=0.002).

Estimated Effects of Apathy on Individual FAQ Items

Figure 2 summarized ordered logit regression estimates of the effects of (a) apathy, (b)
depression, and (c) their interaction on individual FAQ items, separately estimated by CDR
groups. Results in panel (a) showed apathy was significantly associated with higher
likelihood of being in a worse functional category for all FAQ items for individuals with
CDR=0.5 and CDR=1. In the CDR=0.5 group, AOR(SE) ranged from 1.327(0.148) for
having difficulty/need help with travelling out of the neighborhood, driving, or arranging to
take public transportation (95% CI=[1.066, 1.652], z=2.53, p=0.011) to 1.801(0.241) for
having difficulty/need help with meal preparation (95% CI=[1.386, 2.342], z=4.40,
p<0.001). In the CDR=1 group, AOR ranged from 1.187(0 .098 for travel (95% CI=[1.009,
1.397], z=2.07 p=0.038) to 1.667( 0.142) (95% CI=[1.411, 1.970], z=6.00, p<0.001) for
having difficulty/need help with playing a game of skill such as bridge or chess or work on a
hobby. In the CDR=2 group, although all AORs of effects of apathy were greater than 1,
suggesting apathy was significantly associated with higher likelihood of being in a worse
functional category, none of the estimated effects were statistically significant. Results in
panel (b) showed that regardless of CDR status, association between depression and FAQ
items were consistently statistically insignificant. Results in panel (c) showed that there was
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no interaction effect between apathy and depression on individual FAQ items for any CDR
groups. (Full estimation results are available upon request.)

DISCUSSION

In this study, we first assessed rates of apathy and depression in a large national sample of
AD participants. Consistent with earlier results?3.24, we found apathy occurs early in the
disease, and is common across the AD spectrum as determined by expert clinicians as well
as from informant reports, present in over 40% of cases by both measures. Prevalence of
apathy is higher in those with more severe dementia, ranging from 27.8% in those with
CDR=0.5, 44.5% in CDR=1, to 58.8% in CDR=2.

We confirmed substantial overlap but also differentiation between apathy and depression.
Consistent with the categorization of patients into cohorts of “pure apathy”, “pure
depression” or “apathy and depression” suggested by Starkstein2324, we found 20% of our
sample having both apathy and depression by clinician judgment, 22% having apathy but not
depression, and 16% having depression but not apathy. Nearly half of AD patients who had
apathy had no depression. Similar rates were found using informant-reported NPI-Q. There
is again substantial overlap but also differentiation between apathy and depression. Nearly
half of AD patients with apathy (47%) were reported by their informants as having no

depression.

Our results extend the literature to highlight the important differential relationship between
apathy, depression and function across dementia severity levels. Results showed that for all
disease severity groups, apathy, but not depression, was significantly associated with
patients’ function, with the strongest effects in patients with mild dementia. There is no
established cut-off score for impairment on the FAQ. However, FAQ score of =6 (equivalent
to a score of >0.6 on the standardized FAQ when responses to all questions are non-missing)
has been suggested to indicate functional impairment. Maintaining function is of critical
importance in patients with early dementia. Apathy is present in 28% of participants with
CDR=0.5 and in 45% of those with CDR=1. Our estimated results that showed presence of
apathy associated with 21% and 10% worsening in function in these groups suggest these
relationships are clinically meaningful and that early dementia cases may offer the greatest
opportunity for intervention.

Independent of apathy, results showed that presence of depression was not significantly
associated with patients’ function in any dementia severity group. There also was no
interaction on function between apathy and depression in any severity group. These results
suggest that the associations between apathy and functional status of AD patients occur
outside the context of depression and are independent of depression. Functional impairments
previously attributed to depression in AD might be better explained by the presence of
apathy. These differential patterns of associations, together with the high prevalence of
apathy, emphasize the need to assess apathy separately from depression in the evaluation and
treatment of dementia patients.
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In this study, we used two different methods to identify apathy and depression. Regardless of
which method was used, similarly strong relationships between apathy and function that
were independent of depression were observed in all disease severity groups, strengthening
the conclusions of this study. The robustness of the results was further supported by results
from models estimating individual items in the FAQ.

The study has several limitations. First, although this study included the largest cohort to
date of individuals with apathy, it should be noted that it is not representative of the general
population. Second, the cross-sectional design of the current study limits inferences to
associations, and also precludes assessments of symptom fluctuations over time within
individuals. Over the past several decades there have been efforts to standardize the
definition of apathy, develop assessment tools, and operationalize diagnostic criteria.
7.22,23.39 More recently, a task force of international experts developed a set of new
diagnostic criteria for apathy in dementia, defining apathy as primarily characterized by
diminished motivation for a minimum four-week period.12 Future studies will assess the
implications of using the new diagnostic criteria for apathy in dementia.

In conclusion, apathy appears early in the course of the disease, is highly prevalent across
the AD spectrum, and is strongly associated with patients’ functional status, suggesting that
apathy should be considered a core symptom of AD. Apathy places additional burden on
caregivers already caring for patients with diminished abilities. An improved understanding
of factors associated with functional impairment will enable early identification and
development of treatment to reduce functional dependence in patients with AD. The
magnitude and strengths of the relationship between apathy and patients’ function
independent of depression suggest that functional impairments that previously attributed to
depression in AD might be better explained by presence of apathy. These results highlight
the need for careful differentiation of apathy from depression. Distinguishing apathy and
depression will permit better precision in characterizing patients, facilitating investigations
into specific treatment that may lead to improvements in the management and care of
patients with AD. Because apathy appears early in the course of AD and has the largest
effects on function in mild AD, it may represent a useful target for treatment to reduce
disability and perhaps reduce costs of care among patients with AD.
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HIGHLIGHTS
What is the primary question addressed by this study?

Is apathy an integral component of Alzheimer’s disease or a manifestation of depression
in cognitive decline?

What is the main finding of this study?

Across all dementia severity, apathy, but not depression, was significantly associated with
worse functional status, with the strongest effect in patients with mild dementia. Results
revealed no interaction between apathy and depression.

What is the meaning of the finding?

Apathy is a core symptom of AD, appears early in the course of the disease, and
significantly impinges upon patients’ function independent of dementia severity and
depression.
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® NPI-Q apathy Severe

= NPI-Q apathy Moderate
® NPI-Q apathy Mild

® NPI-Q No apathy
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Clinician Judgement of No Apathy | Clinician Judgement of
Presence of Apathy

Figure 1.

Comparison between informant-reported apathy (NPI-Q) and clinician judgment of presence
of apathy, by CDR
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{c) adjusted odds ratios of interaction
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depression on individual FAQ items, by CDR group. Adjusted odds ratios are interpreted as
the increased likelihood of being at a more dependent level for FAQ for 1 unit increase in the
independent variable. All models controlled for age, male, white, black, Hispanic, education,
any apoe 4 genotype, indicator for missing apoe values, indicators for hypertension,
hypercholesterolemia, urinary incontinence, thyroid disease, diabetes, Cardiovascular
diseases, and indicators for ADC sites (detailed estimates available from authors).
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Table 2.

Multiple Regression Analysis Examining Relationship between Clinician Judgment of Apathy, Depression and
Function, by CDR.

Interaction effects models Main effects models

Independent CDR=0.5 CDR=1 CDR=2 CDR=0.5 CDR=1 CDR=2

variables B (95% ClI) B (95% CI) B (95% Cl) B (95% ClI) B (95% Cl) B (95% CI)

Apathy 0.185 0.176 0.062" 0104 018" 0.041"

(0.114, 0.245) (0.124, 0.228) (0.001, 0.125) (0.143, 0.244) (0.139,0.221)  (0.011, 0.092)

Depression 0.003 -0.024 0.032 0.015 -0.019 -0.006

(-0.073,0.079)  (-0.098, 0.050) (-0.065, 0.130) (-0.053, 0.083) (-0.081, 0.044) (-0.078, 0.066)

Apathy x 0.035 0.011 -0.06 - - -
depression

(-0.066, 0.136)  (-0.071,0.093) (-0.164, 0.043)

Standardized FAQ, 0.892 (0.586) 1.718 (0.656) 2.541 (0.456) 0.892 (0.586) 1.718 (0.656) 2.541 (0.456)
mean(sd)

Notes: Multiple linear regression analysis to examine the relationship between patients’ function and clinical judgement of apathy and depression.
All models controlled for age, male, white, black, Hispanic, education, any apoe 4 genotype, indicator for missing apoe values, indicators for
hypertension, hypercholesterolemia, urinary incontinence, thyroid disease, diabetes, Cardiovascular diseases, and indicators for ADC sites (detailed
estimates available from authors). b, regression coefficient estimate; Cl, confidence interval;

*
two-sided p <.05,

Aok

two-sided p<0.001
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Table 3.

Multiple Regression Analysis Examining Relationship between NPI-Q measures of Apathy, Depression and
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Function, by CDR.

Interaction effects models

Main effects models

Independent variables CDR=0.5 CDR=1 CDR=2 CDR=0.5 CDR=1 CDR=2
b (95% CI) b (95% CI) b (95% CI) b (95% CI) b (95% CI) b (95% CI)
Apathy (reference=none)
1 HAA HAA HAA HAA
Mild 0.111 0.135 0.052 0.140 0.085 0.042
(0.038,0.183) (0.068,0.202) (-0.027,0.130)  (0.085,0.195)  (0.035,0.135)  (~0.020,0.103)
HAA HAA Ak A HAA Ak A HAA
Moderate 0311 0.215 0125 0.320 0.192 0.130
(-0.188,0.433)  (-0.132,0.298)  (-0.040,0.211) (-0.240,0.400) (-0.133,0.250)  (0.066,0.195)
* A AA *A A AA kA *A
Severe 0.346 0.347 0.125 0.279 0.360 0.125
(-0.011,0.703)  (0.181,0.513) (0.006,0.243)  (0.110,0.448)  (0.260,0.460)  (0.039,0.210)
Depression (reference=none)
1 —_ *A
Mild 0.05 0.044 0.001 0.075 0.018 0.004
(-0.017,0.117)  (-0.022,0.111) (-0.093,0.092)  (0.019,0.130) (-0.033,0.068) (~0.057,0.065)
Moderate 0.028 0.063 0.067 0.052 0.032 0.024
(-0.071,0.128) (-0.037,0.162) (-0.061,0.195) (-0.023,0.128) (-0.034,0.098) (-0.053,0.101)
Severe 0.194 -0.241 0.176 -0.019 -0.075

Hk
0.517
(-0.193,0.842)
Interaction w/ Mild Apathy

Mild Depression 0.103

(-0.023,0.228)

(~0.023,0.410)

Ak
-0.116

(~0.226,-0.005)

(-0.596,0.114)

-0.003

(-0.143,0.137)

Moderate Depression 0.014 -0.065 -0.058
(-0.160,0.187) (-0.223,0.094)  (—0.263,0.148)
Severe Depression -0.286 -0.308 -0.18

(-0.833,0.261)
Interaction w/ ModerateApathy

(-0.698,0.082)

(-0.741,0.382)

Mild Depression -0.001 -0.009 0.006
(-0.196,0.194)  (-0.146,0.128) (~0.148,0.161)
Moderate Depression 0.069 -0.093 -0.014
(-0.133,0.270)  (-0.248,0.062) (~0.196,0.167)
Severe Depression -0.378 -0.196 0.175
- = =
0.861,0.105) 0.520,0.128) 0.245,0.594)
Interaction w/ Severe Apathy
Mild Depression 0.033 0.119 0.062
(-0.533,0599)  (-0.156,0.393) (~0.191,0.315)
Moderate Depression 0.095 0.07 -0.122

(~0.349,0.539)

(~0.180,0.320)

(-0.335,0.092)

(-0.007,0.358)  (~0.148,0.110)
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Interaction effects models Main effects models
Independent variables CDR=0.5 CDR=1 CDR=2 CDR=0.5 CDR=1 CDR=2
b (95% CI) b (95% CI) b (95% CI) b (95% CI) b (95% CI) b (95% CI)
Severe Depression -0.672 -0.407 0.279

(-1.232,-0.112)  (-0.753,-0.060) (~0.135,0.693)

Notes: Multiple linear regression analysis to examine the relationship between patients’ function and clinical judgement of apathy and depression.
All models controlled for age, male, white, black, Hispanic, education, any apoe 4 genotype, indicator for missing apoe values, indicators for
hypertension, hypercholesterolemia, urinary incontinence, thyroid disease, diabetes, Cardiovascular diseases, and indicators for ADC sites (detailed
estimates available from authors). b, regression coefficient estimate; Cl, confidence interval.

*
two-sided p<.05,

Ak
two-sided p<0.01,

Aok

two-sided p<0.001.
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