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ABSTRACT

Objectives: Apathy is a common symptom in mild cognitive impairment (MCI) and may predict progression to
dementia. Little research, however, has investigated the longitudinal trajectory of apathy in patients with MCI
or controlled for depression, which can mimic apathy, when examining its clinical correlates. The current study
sought to address these issues.

Design: A prospective longitudinal study was conducted over 3 years.
Setting: Nine memory clinics around Australia
Participants: One hundred and eighty-five patients with MCI at baseline.

Measurements: Measures of cognition, function, neuropsychiatric symptoms, caregiver burden, and medica-
tion use were completed annually with additional assessments at 3 and 6 months. Patients were also assessed for
dementia by expert clinicians at these time points.

Results: Of 164 patients who completed measures of neuropsychiatric symptoms, 59 (36.0%) had apathy and 61
(37.2%) had depression. The proportion affected by apathy and overall apathy scores increased over time, in
contrast to measures of depression, which remained relatively stable. Apathy was associated with incident
dementia and worse cognition, function, neuropsychiatric symptoms, and caregiver burden independent of
both depression and incident dementia. Depression was associated with worse function, albeit to lesser degree
than apathy, and neuropsychiatric symptoms.

Conclusions: Apathy increases in MCI and is associated with worse clinical outcomes. These findings provide
further evidence for apathy as a marker of clinical decline in older people and poorer outcomes across
neurocognitive disorders.

Key words: Alzheimer’s disease, apathy, behavioral and psychological symptoms of dementia, dementia, depression, mild cognitive impairment,
neuropsychiatric symptoms

35% aged over 65 years (Ward ez al., 2012). MCl is
often considered an intermediate stage between
normal aging and dementia, though not all patients
progress in their cognitive impairment and some
revert to normal. Approximately 2.5-7.5% of
patients with MCI in the community (Brodaty
et al., 2017; Brodaty er al., 2013) and 10-15%
attending memory clinics (Farias ez al., 2009; Mitch-
ell and Shiri-Feshki, 2009) develop dementia each

Introduction

Mild cognitive impairment (MCI) is defined by
cognitive deficits that are noticeable to subjects or
their families, but which do not significantly inter-
fere with functioning (Winblad ez al., 2004). It is
common in older people, affecting between 10 and
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year. With such a high incidence of dementia, sig-
nificant attention has focused on identifying risk
factors for progression.

Apathy — a disorder of motivation, affect, and goal-
directed behavior — may predict such progression to
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dementia (Mortby ez al., 2022; Sherman et al., 2018).
Apathy has been associated with a two-fold increased
risk of dementia in both patients seen in memory
clinics (van Dalen et al., 2018) and people in the
general community (Bock ez al., 2020). In patients
with dementia, apathy is associated with worse clini-
cal outcomes (Connors et al., 2022a; Starkstein ez al.,
2006; Zhu et al., 2019). Given the overlap between
MUCI and dementia for many patients, it might be
expected that apathy would similarly predict progno-
sis in MCI. Mechanisms underlying apathy remain
unclear, but could include degeneration of prefrontal-
subcortical circuits underlying motivation and plan-
ning. Evidence for this includes neuroimaging studies
that have revealed changes in the medial frontal cortex
and subcortical structures across several different
neurodegenerative conditions (Lanctot er al., 2017;
Le Heron ez al., 2018; Mortby et al., 2022).

Despite these findings, comparatively little
research has examined the longitudinal course of
apathy in MCI. Previous research has instead tended
to rely on a cross-sectional assessment of apathy to
predict subsequent dementia diagnosis as a dichot-
omous outcome (van Dalen er al., 2018). As such, it
has largely overlooked the longitudinal trajectory of
apathy and more fine-grained relationships with
cognition and function over time that might provide
stronger evidence for continuity across the MCI-
dementia spectrum. To this end, a recent study
found that apathy in MCI predicted beta-amyloid
deposition and frontotemporal and subcortical atro-
phy, both indicators of likely dementia (Johansson
et al., 2020). This study suggested a possible associ-
ation between apathy and cognition, though it was
limited by its relatively small sample size (53 patients
with MCI at baseline), large amounts of missing
data on cognition on follow-up (>50%), and the lack
of other clinical measures. Another small study
found that apathy increased over time, though it
did not control for incident dementia or examine
longitudinal clinical correlates (Guercio et al.,
2015). Other research focused on older people gen-
erally, rather than with MCI, has suggested that
apathy increases (Brodaty et al., 2010) and predicts
both functional decline (Clarke et al., 2010) and
poorer subjective physical functioning (Henstra
et al., 2018). The impact of apathy on caregiver
burden in MCI, however, has largely been over-
looked despite evidence of an association in demen-
tia (Connors et al., 2020; Terum er al., 2017).

A further limitation of previous research on apa-
thy is that few studies have controlled for depression
(a disorder of mood). Depression itself is associated
with poorer prognosis in MCI (Cooper ez al., 2015)
and can sometimes be difficult to distinguish from
apathy due to shared features, including anhedonia
and reduced interest in activities. The two can be

https://doi.org/10.1017/5S1041610222001089 Published online by Cambridge University Press

distinguished by other features: apathy may be char-
acterized by an absence of emotion and indifference,
whereas depression may involve dysphoria and attri-
butions of hopelessness (Brodaty and Connors,
2020). The symptoms are also likely underpinned
by distinct mechanisms: whereas apathy may arise
from neurodegeneration of circuits involved in moti-
vation, depression can arise from attributions and
social context alone (Brodaty and Connors, 2020;
Brodaty et al., 2015; Cummings, 2003). As such,
depression represents a potential confound and it
can be difficult to disentangle the two symptoms’
relative effects.

We examined apathy and depression longitudi-
nally in a sample of patients with MCI over a 3-year
period. We assessed both the trajectory of these
symptoms and their clinical correlates, including
cognition, function, other neuropsychiatric symp-
toms, and caregiver burden, after controlling for
other variables. Given the association between apa-
thy and dementia, we controlled for incident
dementia diagnosed after the study’s baseline in
these analyses. We used linear mixed models to
analyze the data, which has the advantages of being
able to both handle missing data and model longi-
tudinal trends across participants relative to the time
of their clinical diagnosis of MCI, rather than just
the 3-year study period. Based on previous research,
we expected that apathy would increase over time
and be associated with worse clinical outcomes.

Methods

Design

Patients were drawn from the PRIME study (Bro-
daty et al., 2011), a prospective 3-year observational
study conducted in nine memory clinics in Austra-
lia. These memory clinics were located across Aus-
tralian states and territories, including both regional
and capital centres. All patients recruited were
receiving specialist assessment and/or treatment.
Nine hundred and seventy patients were recruited:
781 with dementia and 189 with MCI. Patients and
a family member or friend as their informant were
assessed annually by a research nurse/psychologist
or their specialist clinician, with additional visits at
3 and 6 months. Ethics approvals were obtained
from the institutional ethics committees for each
of the individual recruitment centres (National
Institute of Health clinical trials registry number:
NCT00297271).

Participants

Diagnoses of MCI were made at baseline according
to the Petersen criteria (Winblad ez al., 2004) by a
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specialist psychogeriatrician, geriatrician, or neurol-
ogist. These criteria required that: (i) patients or an
informant report concerns about cognitive deficits,
(i1) patients show objective evidence of cognitive
deficits, (iii) patients retain generally preserved
functioning in activities of daily living, and (iv)
patients not meet DSM-IV criteria for dementia.
Data relating to the subtypes of MCI (Winblad ez al.,
2004) were not collected.

To be included in the study, patients needed to
live in the community; be fluent in English; have an
informant consent to the study; and provide written
informed consent either themselves or through a
legal guardian/proxy. There was no requirement
for patients to take any specific medication. Patients
were excluded if they had an acute or life-
threatening illness that was likely to prevent them
from completing the study. Four patients with MCI
were excluded from analyses because they were
taking medication for Alzheimer’s disease or were
concurrently participating in a clinical trial of an
investigational drug. This paper focused on the
remaining 185 patients with MCI at baseline.

Measures and procedure

Assessments were completed by a specialist clini-
cian, trained research nurse, or research psycholo-
gist. Demographic data were collected at baseline.
All other measures were completed at each visit.
Neuropsychiatric symptoms were assessed using the
12-item NPI (Cummings, 1997), which was com-
pleted by interviewing patients’ informants regard-
ing the month prior to assessment. In the NPI,
symptoms are rated on their frequency (1 = ‘rarely’
to ‘4’ = ‘very often’) and severity (1 = ‘mild’ to 3 =
‘severe’). The product of these two ratings gives a
total score for each symptom (range 0—12). Separate
items in the NPI assess apathy and depression. The
12 different symptoms can also be summed to give a
total NPI score. For the purposes of comparing
neuropsychiatric symptoms other than apathy and
depression, the total NPI score was modified to
exclude these two symptoms (range 0—120).
Function was assessed using the Functional
Autonomy Measurement System (SMAF) (Hébert
et al., 1988); higher scores indicate better function
(range — 87 to 0). Cognition was assessed using the
Mini-Mental State Examination (MMSE) (Folstein
et al., 1975); higher scores indicate better cognition
(range 0-30). Caregiver burden was assessed with
the Zarit Burden Interview (ZBI) (Bédard er al.,
2001); higher scores indicate greater burden (range
0-88). Dementia severity was assessed using the
Clinical Dementia Rating scale (CDR) (Morris,
1993) and scored using the sum of boxes method
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(O’Bryant et al., 2008); higher scores indicate
greater severity (range 0—18).

Patients were also assessed regularly for dementia
and a list of medications that patients were taking at
each visit was compiled. Analyses focused on anti-
depressant, antipsychotic, and stimulant medica-
tions given their potential relationships to apathy
and depression.

Statistical Analyses

The main analyses treated apathy and depression as
continuous variables. In order to assess prevalence,
dichotomous scores were calculated for each symp-
tom based on both their presence (score > 1) and
clinically significant levels (score > 4) (Brodaty
et al., 2015). Baseline data were analyzed using
logistic regressions to compare different groups
while adjusting for age, sex, and time since clinical
diagnosis. Patients who completed the NPI were
compared to those who did not in terms of dementia
severity, cognition, function, and caregiver burden.
Of those with NPI data, patients who had apathy at
baseline were compared to those who did not in
terms of the same outcome variables. Patients who
subsequently developed dementia were compared to
those who did not in the same way.

Longitudinal data were analyzed using linear
mixed models with normally distributed random
intercepts and random effects for time. Time was
measured from when patients received their clinical
diagnosis. To assess the trajectory of apathy scores
over time, a model examined apathy score as out-
come and time since clinical diagnosis, age at base-
line, sex, depression, antidepressant use,
antipsychotic use, total number of medications (as
a proxy for physical health), and incident dementia
as predictors. A separate analysis similarly examined
the trajectory of depression score.

Other longitudinal analyses examined the clinical
correlates of apathy. Outcome measures were cog-
nition (MMSE), function (SMAF), dementia sever-
ity (CDR), neuropsychiatric symptoms (NPI total
score excluding apathy and depression), and care-
giver burden (ZBI). For each outcome, separate
models included the following predictors: apathy,
depression, age, sex, antidepressant use, antipsy-
chotic use, total number of medications, and inci-
dent dementia. For all outcomes, interactions
between time and each of incident dementia, apathy,
and depression were included in the model to check
if the latter effects varied over time; they were
retained if p < 0.10 or if they improved overall model
fit. Models were selected and compared on the basis
of the Akaike information criterion. Statistical sig-
nificance was set at p < 0.05 for all statistical tests of
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main effects given the exploratory nature of the
analyses.

Two sensitivity analyses were completed. First, to
directly compare the longitudinal trajectories of
apathy and depression, a linear mixed model exam-
ined the difference in standardized z-scores between
apathy and depression over time while controlling
for the same variables as the main analyses (age, sex,
antidepressants, antipsychotics, number of medica-
tions, and incident dementia). Second, to assess the
relationship between a cross-sectional assessment of
apathy and subsequent clinical outcomes, analyses
were repeated using baseline apathy and depression
as predictor variables instead of the time-dependent
measures used in the main analyses. All analyses
were completed using SPSS v. 28 (IBM Corpora-
tion, Armonk, New York, USA).

Results

Patients’ characteristics

Of 185 patients with MCI, 164 patients (88.6%) had
the NPI completed at baseline. These patients did
not differ in cognition, function, or caregiver burden
from participants who did not have a NPI
completed.

Patients’ demographic and clinical characteristics
are summarized in Table 1. Patients with apathy at
baseline did not differ from those without apathy in
terms of age, sex, education, or time since clinical
diagnosis. Patients with apathy, however, exhibited
worse function, dementia severity, depression, over-
all neuropsychiatric symptoms, and caregiver bur-
den than patients without apathy.

The number of patients at each time point is
reported in Appendix 1. Of the 164 patients, 47
(28.7%) were diagnosed with dementia over the
course of the study (35 with Alzheimer’s disease,
4 with mixed dementia, 4 with frontotemporal
dementia, 2 with vascular dementia, 2 with demen-
tia with Lewy bodies). These patients had lower
cognition scores at the study’s baseline visit (OR
0.77, p<0.001) but did not otherwise differ from
other patients.

Longitudinal trajectories

The prevalence of apathy gradually increased over
the study. Apathy was present in 36.0% of patients at
baseline, 34.0% at 3 months, 37.9% at 6 months,
38.3% at 1 year, 47.5% at 2 years, 49.5% at 3 years.
Clinically significant apathy — indicated by a cut-off
of 4 or more — was present in 10.4% of patients at
baseline, 13.3% at 3 months, 13.1% at 6 months,
18.4% at 1 year, 26.2% at 2 years, 25.2% at 4 years.
By contrast, the prevalence of depression appeared
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to be relatively constant, affecting 37.2%, 38.7%,
42.8%, 39.7%, 40.2%, and 43.2% at the respective
visits; for clinically significant depression, 11.6%,
7.3%, 9.0%, 12.1%, 13.9%, and 11.7% were
affected at the respective visits.

There was considerable overlap between symp-
toms; across time points, 51.9-64.4% of patients
with apathy also exhibited depression. Likewise,
48.4-67.3% of patients with depression also exhib-
ited apathy. Both symptoms showed evidence of
persistence over time. For patients with data across
subsequent annual visits, 68.6—-77.1% of those with
apathy and 63.8-67.3% of those with depression at
the earlier visit still had their respective symptom 1
year later.

Across all patients, average apathy scores
increased by 0.3 points each year after clinical diag-
nosis (p <0.001) controlling for age, sex, depres-
sion, number of medications, antipsychotics,
antidepressants, and incident dementia (see
Table 2). Male sex, depression, antipsychotic use,
and incident dementia were associated with greater
apathy. By contrast, average depression scores
appeared to remain relatively stable after adjusting
for other variables (longitudinal slope —0.1,
p=0.187; Table 2). Younger age, female sex, apa-
thy, and antidepressant use were associated with
greater depression. No participants took stimulant
medications during the study.

A separate analysis confirmed that there was a
significant difference between the longitudinal tra-
jectories of apathy and depression over time using
standardized scores and controlling for other
clinical variables (effect estimate =0.1, p=0.005;
Appendix 2).

Longitudinal correlates and outcomes

Across measures, there were significant interactions
between incident dementia and time. This indicates
that patients who developed dementia during the
study had different longitudinal trajectories on out-
come measures — declining more rapidly in function,
cognition, dementia severity, caregiver burden, and
neuropsychiatric symptoms over time from when
first diagnosed with MCI — than patients who did
not develop dementia. The main effects of incident
dementia — reflecting comparisons between groups
at the time of patients’ MCI diagnosis, rather than
the study’s baseline visit — were not statistically
significant. Altogether, this indicates that the differ-
ences in the outcome measures between those who
developed dementia and those who did not were not
apparent at the time of their MCI diagnosis and only
emerged later with the progression of dementia
(Tables 3—5, Appendices 3—4). Interactions between
time and both apathy and depression were also not
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Table 1. Patients’ characteristics at the study’s baseline

STATISTICAL
COMPARISON
OVERALL APATHY NoO APATHY
(n=164) (n=59) (n=105) OR p
Demographics
Age 75.8 (6.9) 75.3 (7.1) 76.1 (6.8) 0.99 0.567
Sex (female) 78 (47.0%) 23 (39.0%) 53 (50.5%) 0.64 0.182
Education (post-secondary) 76 (45.8%) 28 (47.5%) 47 (44.8%) 1.04 0.900
Partnered 134 (80.7%) 46 (78.0%) 87 (82.9%) 0.47 0.111
Time since diagnosis (years) 0.8 (1.2) 0.7 (1.0) 0.9 (1.3) 0.90 0.480
Clinical Status
Cognition (MMSE) 27.0 (2.2) 26.7 (2.3) 27.1 (2.1) 0.86 0.074
Function (SMAF) ~7.5(6.7) ~9.9 (6.7) ~6.2 (6.4) 0.92 0.003
Dementia Severity (CDR) 1.9 (1.3) 2.4 (1.5) 1.5 (1.1) L.75 <0.001
Caregiver burden (ZBI) 13.8 (12.3) 20.1 (14.0) 10.2 (9.7) 1.07 <0.001
Neuropsychiatric symptoms (NPI)* 5.5 (9.5) 8.1 (10.9) 4.1 (8.3) 1.05 0.016
Depression score 1.2 (2.4) 2.1 (2.8) 0.6 (1.9) 1.36 <0.001
Medications
Total number 6.2 (3.9) 6.4 (4.0) 6.2 (3.8) 1.03 0.554
Antipsychotic 5 (3.0%) 4 (6.8%) 1 (1.0%) 6.55 0.163
Antidepressant 40 (24.1%) 17 (28.8%) 22 (21.0%) 1.63 0.211

Note. Numbers in brackets indicate standard deviations for continuous variables and percentages for categorical variables. Statistical
comparisons used logistic regression to compare patients with apathy and those without apathy, adjusting for age, sex, and time since clinical
diagnosis. Numbers in bold indicate p-values <0.05. MMSE = Mini-Mental State Examination; SMAF = Functional Autonomy Mea-
surement System; CDR = Clinical Dementia Rating scale (scored using sum of boxes). ZBI = Zarit Burden Inventory; *NPI = Neuro-
psychiatric Inventory (total score excluding apathy and depression). No participants took stimulant medications during the study.

Table 2. Linear mixed model examining the trajectory of apathy and depression over time

PARAMETER ESTIMATE 95% CI T-VALUE DF SiG

Apathy
Interceptl 3.9 0.6, 7.2 2.3 154.1 0.022
Time effect? 0.3 0.1, 0.5 3.4 204.4 <0.001
Age 0.0 -0.1, 0.0 - 1.8 152.1 0.079
Sex (female) -0.8 -1.4, -0.2 -25 158.1 0.013
Depression 0.3 0.3, 0.4 8.0 798.9 <0.001
Antipsychotic 1.1 0.0, 2.1 2.0 576.1 0.048
Antidepressant 0.5 -0.1, 1.1 1.6 426.5 0.120
Number of medications 0.0 -0.1, 0.0 -0.9 268.0 0.358
Incident dementia 0.9 0.3, 1.5 2.8 664.5 0.006

Depression
Intercept? 3.2 0.8, 5.7 2.6 165.3 0.010
Time effect? -0.1 -0.2,0.0 -1.3 149.9 0.187
Age 0.0 -0.1, 0.0 —-2.4 161.7 0.017
Sex (female) 0.6 0.1, 1.0 2.5 162.7 0.013
Apathy 0.2 0.2, 0.3 8.6 725.2 <0.001
Antipsychotic 0.5 -0.3,1.3 1.2 460.2 0.249
Antidepressant 0.5 0.0, 0.9 2.2 384.8 0.032
Number of medications 0.0 0.0, 0.1 0.9 252.1 0.345
Incident dementia 0.0 -0.5,0.5 —-0.1 502.9 0.954

Note. Numbers in bold indicate p-values <0.05. Sex indicates values for females relative to males.
IRandom effect with mean 3.9 and SD 1.5

2Random effect with mean 0.3 and SD 0.6

3Random effect with mean 3.2 and SD 1.1

4Random effect with mean — 0.1 and SD 0.2
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Table 3. Linear mixed model examining apathy as a predictor of function over time

PARAMETER EFFECT ESTIMATE 95% CI T-VALUE DF SiGg

Apathy -05 0.7, — 0.4 —7.2 617.5  <0.001
Depression -0.2 -0.4, 0.0 —-2.2 610.2 0.027
Age —-0.1 —-0.3, 0.0 -1.4 139.9 0.158
Sex (female) 2.6 0.3, 5.0 2.2 145.7 0.029
Antipsychotic 0.3 -2.2,2.9 0.3 733.1 0.803
Antidepressant -0.8 -2.5,0.9 -0.9 669.4 0.349
Number of medications -0.3 -0.5, —0.1 -2.6 438.1 0.009
Incident dementia (at time of MCI diagnosis) 0.3 -1.9,25 0.3 659.4 0.788
Time effect for MCI!»2 -2.3 -3.0, — 1.6 - 6.8 172.2 <0.001
Time effect for incident demential>3 -3.9 -4.8, -2.9 -8.1 478.4 <0.001

Note. Function was assessed using the Functional Autonomy Measurement System (SMAF). Numbers in bold indicate p-values <0.05. Sex
indicates values for females relative to males.

I'The interaction between time and incident dementia had a p-value of <0.001 and was retained in the model. As such, separate time effects for
the presence and absence of dementia are reported, while the intercept term is not reported.

2Random effect with mean —2.3 and SD=3.5

3Random effect with mean — 3.9 and SD =3.5

Table 4. Linear mixed model examining apathy as a predictor of cognition over time

PARAMETER EFFECT ESTIMATE 95% CI T-VALUE DF S1G

Apathy -0.1 -0.2, —0.1 -3.7 743.5 <0.001
Depression 0.0 -0.1, 0.1 -05 702.1 0.639
Age -0.1 -0.1, 0.0 —-2.2 139.9 0.029
Sex (female) -1.1 -1.8, —0.4 -3.0 149.0 0.003
Antipsychotic 0.7 -0.4,1.8 1.2 631.7 0.213
Antidepressant -0.1 -0.8,0.5 -04 412.5 0.656
Number of medications 0.0 —-0.1, 0.1 0.3 279.3 0.752
Incident dementia (at time of MCI diagnosis) —-0.6 -1.7,04 -1.2 684.4 0.227
Time effect for MCI!»2 -0.5 -0.9, —0.1 —-2.4 780.1 0.015
Time effect for incident demential>3 -1.2 -1.6, —0.7 -5.6 604.9 <0.001

Note. Cognition was assessed using the Mini-Mental State Examination (MMSE). Numbers in bold indicate p-values <0.05. Sex indicates
values for females relative to males.

I'The interaction between time and incident dementia had a p-value of 0.015 and was retained in the model. As such, separate time effects for the
presence and absence of dementia are reported, while the intercept term is not reported.

2Random effect with mean — 0.5 and SD =1.2

3Random effect with mean — 1.2 and SD=1.2

Table 5. Linear mixed model examining apathy as a predictor of caregiver burden over time

PARAMETER EFFECT ESTIMATE 95% CI T-VALUE DF SiGg

Apathy 0.6 0.4, 0.9 4.8 691.3 <0.001
Depression 0.1 -0.2,0.4 0.9 676.3 0.382
Age -0.2 -0.5,0.0 —-1.6 148.6 0.102
Sex (female) -1.6 -5.3,2.0 -0.9 153.2 0.384
Antipsychotic -2.4 -6.8, 2.0 -1.1 780.8 0.291
Antidepressant 2.5 -0.3,5.2 1.8 619.3 0.076
Number of medications 0.3 -0.1, 0.6 1.4 416.8 0.151
Incident dementia (at time of MCI diagnosis) -0.4 -4.3,35 -0.2 701.0 0.856
Time effect for MCI!»2 1.6 0.8, 2.5 3.9 182.7 <0.001
Time effect for incident dementia!>? 2.8 1.3, 4.2 3.8 580.8 <0.001

Note. Caregiver burden was assessed using the Zarit Burden Inventory (ZBI). Numbers in bold indicate p-values <0.05. Sex indicates values
for females relative to males.

I'The interaction between time and incident dementia had a p-value of 0.115 and significantly improved model fit, so was retained in the model.
As such, separate time effects for the presence and absence of dementia are reported, while the intercept term is not reported.

2Random effect with mean 1.6 and SD =3.4

3Random effect with mean 2.8 and SD =3.4
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statistically significant when included in the model,
indicating that associations between these variables
and outcome measures were stable over time.

Apathy was associated with worse function, cog-
nition, and dementia severity over time. Each point
on the apathy scale was associated with scoring 0.5
points lower on the SMAF scale (p<0.001), 0.1
points lower on the MMSE (»p<0.001), and 0.2
points higher on the CDR (p < 0.001), after adjusting
for depression and other variables. Depression was
also related to worse function (0.2 points lower on the
SMAF scale; p=0.027), but not cognition (0.0
points on the MMSE; p = 0.639) or dementia severity
(0.0 points on the CDR, p = 0.129), after controlling
for other variables (Tables 3-4; Appendix 3).

Both apathy and depression were associated with
other neuropsychiatric symptoms over time. Each
point on the apathy scale was associated with scoring
1.0 points higher on the 10-item (omitting apathy
and depression) NPI (p < 0.001), while each point
on the depression scale was associated with 0.7
points higher score (p <0.001) after adjusting for
other variables (Appendix 4). Apathy was associated
with worse caregiver burden. Each point on the
apathy scale was associated with scoring 0.6 points
higher on the ZBI (p < 0.001). Depression was not
associated with caregiver burden (0.1 points, p =0
.382) after adjusting for other variables (Table 5).

Repeating the main analyses that focused on
longitudinal clinical correlates using baseline apathy
and depression scores as predictors left the overall
findings unchanged, with the exception that baseline
apathy was not significantly related to cognition
(Appendix 5). Baseline apathy continued to predict
function, dementia severity, other neuropsychiatric
symptoms, and caregiver burden over the course of
the study. Baseline depression predicted only other
neuropsychiatric symptoms.

Discussion

Apathy affected a large proportion of patients with
MUCI. More than one-third had apathy at baseline,
10% of patients at clinically significant levels. The
proportion affected increased over the study to
around half — a quarter had clinically significant
apathy — at 3 years. Overall apathy scores similarly
increased, with average scores increasing around 0.3
units on the NPI per year from time of diagnosis.
Apathy was also associated with worse clinical
outcomes, including incident dementia and worse
cognition, function, dementia severity, neuropsychi-
atric symptoms, and caregiver burden. The effect
sizes were small for each unit of apathy, though they
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were likely to be clinically noticeable given the range
of apathy scores in the population and the accumu-
lation of apathy with time. These findings are in
contrast to those for depression, which remained
relatively stable over time, appeared unrelated to
incident dementia, and was associated with a nar-
rower range of adverse outcomes (specifically func-
tion and neuropsychiatric symptoms).

The prevalence of apathy was similar to previous
studies of patients with MCI (Apostolova and Cum-
mings, 2008). Our study extends previous research
by confirming that apathy consistently increases
over time, from when MCI is first diagnosed and
continuing after dementia is diagnosed. Our study
also shows that apathy’s associations with adverse
outcomes in MCI exist longitudinally and are inde-
pendent of both dementia and depression.
Together, these findings reflect a continuity with
dementia, where similar longitudinal trends are evi-
dent independent of depression (Connors et al.,
2022a, 2022b). Across both MCI and dementia,
apathy increases over time and is associated with
worse clinical outcomes, suggesting shared under-
lying mechanisms. These findings are consistent
with neuroimaging research that has found associa-
tions between apathy and frontotemporal and sub-
cortical atrophy (Johansson et al., 2020; Le Heron
et al., 2018). As such, apathy may simply represent
an outward manifestation of neurodegeneration,
particularly of prefrontal-subcortical circuits
involved in motivation and planning.

The findings help to elucidate the relationship
between apathy and depression. As in dementia,
there was overlap between symptoms, with 52—
64% of patients with apathy also having depression.
Each symptom also predicted the other over time.
Such overlap may arise from their shared phenotypic
features and the high prevalence of both symptoms
(Brodaty and Connors, 2020). In addition, both
symptoms were associated with worse function,
suggesting that they both have the potential to con-
found the diagnosis of cognitive disorders (Brodaty
and Connors, 2020). There were, however, signifi-
cant differences between symptoms. Whereas apa-
thy consistently increased over time and was
associated with a wide range of adverse outcomes,
depression remained relatively stable and was asso-
ciated with only worse function, albeit to a lesser
degree than apathy, and other neuropsychiatric
symptoms. There were also sex differences: whereas
apathy was greater in males, depression was greater
in females.

Altogether, these differences between symptoms
may reflect their distinct mechanisms. As already
noted, apathy may arise from neurodegeneration,
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hence its strong relationship with poor outcomes.
Depression, by contrast, can also arise from psycho-
logical and social processes in the absence of neu-
rodegeneration, hence its weaker relationship with
clinical outcomes. Mechanisms underpinning sex
differences remain unclear but could include both
biological factors and socialized gender roles (Bro-
daty et al., 2015). Such differences have been
reported previously in older people without cogni-
tion impairment (Brodaty ez al., 2010; Geda et al.,
2014), people with MCI (Guercio et al., 2015), and
people with dementia (Brodaty ez al., 2015; Lovheim
et al., 2008), indicating their robustness and the
likelihood of common mechanisms across different
levels of cognitive impairment.

Our study had a number of limitations. First,
recruitment involved convenience sampling from
memory clinics, so it is unclear if findings generalize
to other treatment settings. Second, cognition was
assessed by the MMSE, a relatively crude measure
of cognition, rather than a neuropsychological bat-
tery. Third, apathy and depression were assessed
using the NPI, rather than symptom-specific mea-
sures. Other research, however, indicates a strong
relationship between the NPI as a measure of apathy
and other forms of apathy assessments (Lanctot
et al., 2021) and between the NPI as a measure of
depression and depression-specific scales (Cum-
mings et al., 1994). Fourth, the exploratory nature
of the analyses might increase the risk of Type I
error. Fifth, the study did not examine medication
dosages; specific subclasses of psychotropic medica-
tions; medication classes other than psychotropics;
past psychiatric history; or medical comorbidities in
detail. Other classes of medications (Huffman and
Stern, 2007) and certain medical comorbidities,
including vascular risk factors (Aizenstein et al.,
2016), have been linked to apathy and depression.
Finally, the study did not examine subtypes of MCI;
collect biomarkers or neuroimaging data; or recruit
a control group of patients without MCI.

Despite these limitations, our findings provide
further evidence for apathy as a marker of poor
clinical outcomes in older people and across differ-
ent neurocognitive disorders. Our findings also indi-
cate the need to distinguish apathy and depression
given their distinct trajectories and clinical corre-
lates. In particular, apathy’s close relationship to
disease progression suggests the need to consider
those with apathy to be at high risk of further decline
and to plan for such contingencies. Depression,
which appears less closely tied to disease course,
is itself associated with functional impairment,
highlighting the need for treatment. The frequent
co-occurrence of symptoms, however, indicates the
importance of careful assessment (Brodaty and
Connors, 2020). Nevertheless, treatment options
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for apathy remain limited (Mortby et al., 2022).
Given apathy’s prevalence and burden, this remains
an important direction for future research.
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