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Abstract

INTRODUCTION: The role of apathy in predicting dementia risk, especially with
coexisting depression, remains unclear in community-dwelling older adults.
METHODS: We analyzed data from 12,646 older adults without baseline dementia
across ten population-based cohorts from six continents (Cohort Studies of Memory in
an International Consortium study). Apathy, depression, and dementia outcomes were
assessed using harmonization protocols.

RESULTS: Over 5.7 years of follow-up, 1160 developed dementia and 552 Alzheimer’s
disease (AD). Apathy prevalence was 34.1% and more than three times higher in those
with depression. Apathy was not associated with dementia risk among cognitively nor-
mal or non-depressed individuals. In contrast, among individuals with depression and
mild cognitive impairment (MCI), apathy predicted a higher risk of dementia (hazard
ratio [HR] 1.62) and AD (HR 1.74).

DISCUSSION: Apathy is associated with increased dementia risk only in older adults
with MCl and depression. Findings highlight the need to incorporate affective symptom

monitoring into dementia risk assessment and intervention.

KEYWORDS
Alzheimer’s disease, apathy, cohort study, dementia, depression, mild cognitive impairment,
neuropsychiatric symptoms
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* Harmonized data from 10 population-based cohorts across six continents were

* Apathy predicted dementia only in older adults with both depression and mild

* No association was found in non-depressed or cognitively normal individuals.
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1 | BACKGROUND

Dementia is a major global health concern, imposing significant bur-
dens on patients, caregivers, and health-care systems.! Identifying
early predictors of dementia is critical for implementing timely inter-
ventions and reducing its impact. Apathy, the state of diminished

motivation, interest, and goal-directed behavior,?

is not only one of
the most common neuropsychiatric symptoms accompanying demen-
tia, but it also frequently precedes the onset of dementia.>~> Therefore,
apathy may serve as a critical factor for identifying populations at risk
of developing dementia.

However, the role of apathy as an independent predictor of
dementia remains insufficiently understood due to limitations in prior
research. Most studies on apathy and dementia have focused on indi-
viduals with mild cognitive impairment (MCI).68 The link between
apathy and dementia or cognitive decline remains unclear in older
adults with normal cognition. Furthermore, because most studies have
been conducted in memory clinic settings, their findings may not
be generalizable to community-dwelling older adults. Although some
community-based studies have investigated the relationship between
apathy and dementia, their findings have been conflicting. While some
studies reported that apathy increased dementiarisk,”-1* others found
no such association.12-1¢ These inconsistencies may result from the
lack of distinction between MCI and normal cognition, leading to vari-
ations in findings based on the extent of dementia-related pathological
burden.

A critical unresolved question is whether the association between
apathy and dementia risk is moderated by depression, a well-
established risk factor for dementia.l” Apathy frequently presents
alongside depression, and given the significant overlap between these
conditions, previous studies linking apathy to dementia risk may have
been largely influenced by the effects of depression. Importantly,
apathy shows limited response to conventional antidepressant treat-
ments and often requires distinct therapeutic approaches, such as
behavioral interventions aimed at enhancing reward exposure.'® This
clinical distinction further underscores the importance of examining
apathy separately from depression when evaluating and managing

dementia risk. A previous study analyzing MCI patients referred from

Alzheimer’s Disease Centers in the United States!? attempted to
distinguish these effects, but no existing study has addressed this
issue among community-dwelling older adults. Clarifying whether apa-
thy is independently associated with dementia risk or whether this
association is moderated by depression is crucial for understand-
ing its predictive role and guiding prevention strategies for at-risk
populations.

To address these limitations, this study aims to investigate the rela-
tionship among apathy, depression, and dementia risk using large,
community-based cohort studies from many countries with diverse
and well-defined cognitive profiles. By examining the association
between apathy and dementia risk in the context of depression, this
study aims to clarify both the independent and interactive effects of
these affective symptoms on the risk of incident dementia. Ultimately,
this study aims to enhance our understanding of how affective symp-
toms are associated with dementia risk, providing valuable insights for

future research and intervention strategies.

2 | METHODS
2.1 | Study design, setting, and participants

As part of the Cohort Studies of Memory in an International Consor-
tium (COSMIC) collaboration cohort study,2° 10 prospective cohorts—
representing diverse ethno-regional groups across six continents—
contributed to the current analysis. These cohorts included the Bambui
Cohort Study of Aging (BCSA),2! Cognitive Function and Ageing Study
(CFAS),?2 Einstein Aging Study (EAS),2% Epidemiology of Dementia
in Central Africa (EPIDEMCA),2* Hellenic Longitudinal Investigation
of Aging and Diet (HELIAD),2° Invecchiamento Cerebrale in Abbiate-
grasso (Invece.Ab),2¢ Ibadan Study of Ageing (ISA),2” Korean Longitu-
dinal Study on Cognitive Aging and Dementia (KLOSCAD),?® Leipzig
Longitudinal Study of the Aged (LEILA75+),2? and Sydney Memory and
Ageing Study (MAS),%° with a combined total of 22,198 participants.
Individuals with dementia or other major psychiatric or neurological
disorders, other than depression (e.g., bipolar disorder, psychotic disor-
ders, alcohol use disorders, intellectual disability, Parkinson’s disease,
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or epilepsy; n = 3038), were excluded from the study. Participants who
lacked baseline information on apathy and depression (n = 720); key
covariates such as hypertension, diabetes, or stroke (n = 1340); or
follow-up data (n = 4454) were excluded, resulting in a final analysis
sample of 12,646 participants.

This study was approved by the institutional review board of the
Seoul National University Bundang Hospital (IRB no. B-0912-089-010)
and the University of New South Wales Human Research Ethics com-
mittee (HC17292 and HC220222). All 10 contributing studies received
ethics approval from their respective institutional review boards (Table
S1 in supporting information), and informed consent was obtained

from all participants.

2.2 | Assessment of apathy and depression

Apathy and depression were assessed during the baseline data collec-
tion period of each cohort (Table 1). Apathy was evaluated using self-
rated questionnaires in seven studies: BCSA, EAS, HELIAD, Invece.Ab,
ISA, KLOSCAD, and MAS. Among these, six studies used the 15-item
or 30-item Geriatric Depression Scale (GDS), while the remaining one
used the 12-item General Health Questionnaire (GHQ-12). For studies
using the GDS, apathy was assessed using the GDS-3A, which focuses
on three apathy-related items from the GDS. Apathy was diagnosed if
participants endorsed at least two of these three items. The GDS-3A
is widely used as a tool for evaluating self-rated apathy.831 In contrast,
the BCSA study, which used the GHQ-12, identified apathy based on
the Baltimore Epidemiologic Catchment Area study framework,3? in
which participants were considered apathetic if they endorsed at least
one of two apathy-related items. Detailed descriptions of the specific
items and evaluation methods used in each self-reported questionnaire
can be found in Table S2 in supporting information.

Apathy was assessed through diagnostic interviews in three stud-
ies: CFAS, EPIDEMCA, and LEILA75+. Two of these studies used
the General Mental State-Automated Geriatric Examination for Com-
puter Assisted Taxonomy (GMS-AGECAT), while the third, LEILA75+,
used the Structured Interview for the Diagnosis of Dementia of the
Alzheimer Type, Multi-infarct Dementia, and Dementias of Other Aeti-
ology according to ICD-10 and DSM-III-R (SIDAM). In the studies using
the GMS-AGECAT, four apathy-related items—comparable to those in
the GDS and GHQ-12—were identified and scored on a scale of O to
2. A total score of > 3 was operationally defined as apathy. In the
LEILA75+ study, apathy was assessed using a single apathy-related
item in the SIDAM assessment. Further details on the evaluation items
and methods are provided in Table S2.

In all studies except LEILA75+, depression was assessed using the
same tools as those used for apathy evaluation. In the six studies
that used the GDS, depression was defined as endorsing at least
two of the remaining 11 items of the GDS-15, excluding the three
GDS-3A items and the item directly referring to subjective memory

complaints:11:33

Do you feel you have more problems with your mem-
ory than most people?” Similarly, for the GHQ-12, depression was

defined as endorsing at least 2 out of the remaining 10 items, excluding
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RESEARCH IN CONTEXT

1. Systematic review: The authors reviewed literature
by searching PubMed and other databases to evalu-
ate whether apathy predicts dementia independently in
community-dwelling older adults. While previous studies
reported mixed findings—mostly limited to mild cogni-
tive impairment (MCI) patients or clinic-based samples,
no prior research has clarified the role of coexisting
depression in apathy’s association with dementia.

2. Interpretation: Using large-scale, population-based
cohorts from many countries, this study showed that
apathy is linked to increased dementia risk only among
older adults with both MCI and depression. Apathy was
not associated with dementia in cognitively normal or
non-depressed MCl individuals.

3. Future directions: Findings suggest that depression
may moderate the apathy-dementia relationship. Future
research should examine how affective symptoms inter-
act to influence dementia progression, using refined tools
to distinguish apathy and depression. Biological mecha-
nisms should be explored, and affective symptom-based
risk stratification integrated into prevention alongside
cognitive profiling.

the apathy-related items. In the two studies that used GMS-AGECAT,
depression was defined as having a depression score of > 3.3 For
LEILA75+, depression was assessed using the Structured Clinical Inter-
view for the Diagnostic and Statistical Manual of Mental Disorders, 4th
edition (SCID-1V),3> with depression defined as meeting the criteria for
major depressive disorder. Further details on the diagnostic criteria for

depression in each cohort are summarized in Table S2.

2.3 | Assessment of cognitive status and outcome
variables

At baseline, MCI was identified in seven cohorts (EAS, EPIDEMCA,
HELIAD, Invece.Ab, KLOSCAD, LEILA75+, and MAS), with all diag-
noses made according to consensus criteria proposed by the Interna-
tional Working Group.3¢ Participants who did not meet the diagnostic
threshold for MCI and were free from dementia were classified as
having normal cognition.

The outcomes of this study were incident all-cause dementia
and incident Alzheimer’s disease (AD). Outcome assessment was
conducted during the follow-up data collection period of each cohort
(Table 1). All-cause dementia was defined as an umbrella diagnosis that
does not consider etiology. Due to variations in dementia definitions
across the original cohorts, the diagnoses were harmonized according

to the harmonization protocol provided in Table S3 in supporting
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information. For cases diagnosed with all-cause dementia, seven
cohorts (EAS, EPIDEMCA, HELIAD, Invece.Ab, KLOSCAD, LEILA75+,
and MAS) further classified dementia subtypes based on etiology. AD
was diagnosed in these cohorts using the National Institute of Neuro-
logical and Communicative Disorders and Stroke and the Alzheimer’s
Disease and Related Disorders Association criteria®’ or the Diagnostic
and Statistical Manual of Mental Disorders Fourth Edition (DSM-1V)38
or DSM-5 diagnostic criteria.3? Additional details are summarized in
Table S3.

2.4 | Assessment of covariates

Demographic factors such as age, sex, years of education, and ethnic-
ity were included as covariates. Ethnicity was categorized as African,
African American, Asian, Brazilian, Hispanic, or White. For cohorts
lacking individual-level ethnicity data, the major ethnicity of the cohort
population was used as a proxy. Vascular risk factors for dementia,
such as hypertension, diabetes, and stroke, are known to be related to
both apathy and dementia and were therefore included as covariates
to account for potential confounding, being available and harmonizable
across all cohorts.17:184041 Hypertension was defined as the pres-
ence of systolic blood pressure > 140 mmHg and/or diastolic blood
pressure > 90 mmHg, the use of antihypertensive medications, or
a self-reported diagnosis of hypertension by a physician. Diabetes
was defined based on fasting blood glucose levels > 126 mg/dL (>
7 mmol/L), the use of diabetes medications, or a self-reported diag-
nosis of diabetes by a physician. Stroke was defined as a self-reported
diagnosis of stroke by a physician. We used all relevant data from each
study to support the diagnosis or classification of the condition.

2.5 | Statistical analysis

We estimated the crude prevalence rates (%) of apathy according
to cognitive status (all non-demented, normal cognition, and MCI)
and depression status (total, non-depressed, and depressed). The 95%
confidence intervals were calculated using the Wald method.

To examine the association between apathy and depression with
the risks of all-cause dementia and AD, we conducted multivariate
Cox proportional hazards analyses, adjusting for age, sex, education,
ethnicity, hypertension, diabetes, stroke, and cohort. The proportional
hazards assumption was verified using Schoenfeld residuals. To assess
the interaction between apathy and depression, we included an apathy
x depression interaction term in the proportional hazards models. All
analyses were performed separately according to cognitive status (all
non-demented, normal cognition, and MCI). To ensure the robustness
of our findings, we (1) conducted separate Cox proportional haz-
ards analyses among participants from the six cohorts (EAS, HELIAD,
Invece.Ab, ISA, KLOSCAD, and MAS) that used the same assessment
tools for apathy and depression (GDS) and (2) performed leave-one-
out analyses for each cohort. Additionally, a supplementary analysis

was conducted using a higher threshold for self-reported depression,

THE JOURNAL OF THE ALZHEIMER’'S ASSOCIATION

in which depression was redefined as endorsing at least 4 of the 11
non-apathy, non-memory items on the GDS-15 and at least 3 of the 10
non-apathy items on the GHQ-12.

Additionally, to determine whether the association between apa-
thy and the risks of all-cause dementia and AD was influenced by
depression, we conducted multivariate Cox proportional hazards anal-
yses stratified by depression status. All analyses were again performed
separately by cognitive status. Furthermore, we repeated the analy-
ses among the six cohorts using GDS and conducted leave-one-out
analyses for each cohort.

Several sensitivity analyses were conducted to examine the robust-
ness of the findings. (1) To minimize the potential influence of divergent
observation periods and reverse causality, we performed a 2-year land-
mark analysis, excluding participants with follow-up durations of < 2
years. (2) Because the baseline hazard and observation period could
differ across cohorts, we applied a stratified Cox proportional hazards
model, specifying cohort as the stratification variable. (3) To account
for the competing risk of death, we additionally estimated subdistribu-
tion hazard ratios using the Fine-Gray competing risk model. (4) Finally,
among the cohorts for which the social interaction variable could be
harmonized (BCSA, HELIAD, Invece.Ab, KLOSCAD, and LEILA75+), we
further adjusted for social interaction as a covariate, as it may confound
the association between apathy and dementia.1”-18
All statistical analyses were performed using the survival package in

R, version 4.5.1 (R Project for Statistical Computing).

3 | RESULTS

We included 12,646 participants without dementia at baseline (mean
age: 72.6 + 7.3 years; 58.8% women). The 10 contributing cohorts pre-
sented variations in participant numbers (ranging from 554 to 5510),
study locations (Australia, Brazil, Central African Republic and Repub-
lic of Congo, Germany, Greece, Italy, Nigeria, South Korea, UK, and
United States), mean age (68.8 + 7.0 to 81.6 + 4.9 years), proportion
of women participants (48.1% to 72.4%), and mean follow-up dura-
tion (1.9 + 0.8 to 10.0 + 4.7 years). A total of 1160 all-cause dementia
cases and 552 AD cases were identified over a mean follow-up period
of 5.7 + 3.4 years. The characteristics of each cohort are summarized in
Table 1.

The overall prevalence of apathy was 34.1%. Among individuals
with depression, the prevalence of apathy was more than three times
higher than in those without depression (56.6% vs. 18.5%). In individu-
als with MCI, the prevalence of apathy was 53% higher than in those
with normal cognition (47.8% vs. 31.2%). Across all cognitive status
groups, the presence of depression was associated with a significantly
higher prevalence of apathy compared to its absence (chi-squared test,
p < 0.001). Notably, apathy prevalence was particularly high in individ-
uals with MCI and comorbid depression. Table 2 presents an overview
of the prevalence of apathy, while the detailed prevalence of apathy for
each cohort is provided in Table S4 in supporting information.

In overall participants, apathy was associated with a 17% increased

risk of all-cause dementia, while depression was linked to a 36% higher
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TABLE 2 Crude prevalence of apathy according to depression and cognitive status.

Cognition status Depression status

No. of cases/total Prevalence, % (95% Cl)

All non-demented

Normal cognition

MCI

Non-depressed
Depressed
Total
Non-depressed
Depressed
Total
Non-depressed
Depressed

Total

1,390/7,498 18.5(17.7-19.4)
2,916/5,148 56.6(55.3-58.0)
4,306/12,646 34.1(33.2-34.9)
710/4,452 15.9(14.9-17.0)
1,559/2,814 55.4(53.6-57.2)
2,269/7,266 31.2(30.2-32.3)
238/945 25.2(22.4-28.0)
758/1,137 66.7 (63.9-69.4)
996/2,082 47.8 (45.7-50.0)

Abbreviations: Cl, confidence interval; MCI, mild cognitive impairment.

risk. Apathy was associated with a 32% increased risk of AD, and
depression with a 37% increase. In individuals with normal cognition,
depression was associated with an increased risk of all-cause dementia
and AD, while apathy showed no significant associations. In contrast,
among those with MCI, apathy was linked to a 26% higher risk of
all-cause dementia and a 47% higher risk of AD, with no significant
associations observed for depression (see Table 3). There were similar
findings when restricting the analysis to the six cohorts using the GDS.
No significant interactions between apathy and depression were found
regarding the risks of all-cause dementia or AD in any analysis (Table 3).
These findings were supported by results observed in leave-one-out
analyses conducted for each cohort (see Tables S5 and Sé in support-
ing information), as well as in the analysis using a higher threshold for
self-reported depression (see Table S7 in supporting information).
When participants were stratified by the presence of depression,
apathy was not significantly associated with the risk of all-cause
dementia or AD among those without depression, both in normal
cognition and MCI. In contrast, among participants with depression,
apathy was associated with a 33% increased risk of all-cause dementia
and a 58% increased risk of AD. Notably, in individuals with depres-
sion and MCI, apathy was linked to a 62% higher risk of all-cause
dementia and a 74% higher risk of AD (see Table 4). These asso-
ciations between apathy and dementia risk were similarly observed
in analyses restricted to cohorts using the GDS; in MCI participants
with GDS-defined depression, apathy was associated with 61% and
75% higher risks of all-cause dementia and AD, respectively. Fur-
thermore, even in normal cognition with GDS-defined depression,
apathy was associated with a 74% increased risk of AD (Table 4).
Even after adjusting for the total GDS score in cohorts using the GDS,
apathy remained significantly associated with increased risks of all-
cause dementia (hazard ratio [HR] = 1.60, 95% confidence interval
[CI] = 1.10-2.34, p = 0.014) and AD (HR = 1.83, 95% Cl = 1.20-
2.79,p=0.005) among MCl participants with GDS-defined depression.
These findings were also confirmed in a supplementary analysis using a
higher threshold for self-reported depression (see Table S8 in support-
ing information). All leave-one-out analyses supported these findings,
except when the KLOSCAD cohort was excluded, at which point apathy
in MCI with GDS-defined depression no longer showed an associa-

tion with increased risks of all-cause dementia and AD (see Table S9 in
supporting information).

Sensitivity analyses yielded results largely consistent with the main
findings. In the 2-year landmark analysis, although the hazard ratios
and statistical significance were slightly attenuated, the overall pattern
of associations remained essentially unchanged (Table S10 in support-
ing information). Similar results were obtained from the stratified Cox
proportional hazards model specifying cohort as the stratification vari-
able (Table S11 in supporting information). Comparable findings were
also observed in the Fine-Gray competing risk model accounting for
death as a competing event (Table S12 in supporting information).
Furthermore, in the five cohorts with available data on social inter-
action, after harmonizing the social interaction variable (Table S13 in
supporting information) and including it as an additional covariate in
the Cox proportional hazards model, the associations among apathy,
depression, and dementia risk remained largely unchanged (Table S14

in supporting information).

4 | DISCUSSION

Apathy was highly prevalent in older adults, particularly among those
with MCI, and was frequently comorbid with depression. This study
demonstrated that apathy was associated with an increased risk of
incident dementia in community-dwelling older adults. However, no
association was found between apathy and dementiarisk in those with-
out depression and/or MCI. Notably, this association was significant
only in participants with coexisting depression.

In this study, apathy was associated with an increased risk of demen-
tia only in individuals with MCI. There was no significant association
in cognitively normal older adults. Our findings reveal that apathy is
highly prevalent in older adults, with a rate of 31.2% in cognitively nor-
mal individuals. This may suggest that apathy can be common even in
the absence of neurodegenerative diseases. These findings are in line
with previous studies reporting that apathy increases with normative
aging in the community.3242 The age-related physiological changes,
such as chronic low-grade inflammation and inflammation-induced
cardiovascular risk factors, could cause apathy regardless of neu-
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TABLE 3 Association of apathy and depression with the risk of incident dementia by cognitive status.

All-cause dementia

Alzheimer’s disease

No. of cases/total HR (95% CI) p No. of cases/total HR (95% Cl) p
Total cohorts
All non-demented (n = 12,646)
Apathy 440/4306 1.17(1.01-1.34) 0.031 229/3267 1.32(1.07-1.62) 0.009
Depression 429/5148 1.36(1.17-1.58) <0.001 222/3951 1.37(1.09-1.71) 0.007
Apathy x depression - 1.14 (0.86-1.50) 0.361 - 1.22(0.81-1.83) 0.348
Normal cognition (n =7266)
Apathy 131/2269 1.18(0.91-1.53) 0.201 84/2269 1.10(0.80-1.51) 0.572
Depression 118/2814 1.36(1.04-1.80) 0.028 87/2814 1.49(1.06-2.08) 0.020
Apathy x depression - 1.16 (0.70-1.92) 0.563 - 1.45(0.76-2.74) 0.257
Mild cognitive impairment (n = 2082)
Apathy 175/996 1.26 (1.00-1.60) 0.048 145/996 1.47(1.12-1.92) 0.005
Depression 166/1137 1.13(0.86-1.51) 0.382 135/1137 0.96 (0.70-1.31) 0.783
Apathy x depression - 1.44 (0.90-2.30) 0.129 - 1.25(0.73-2.13) 0.418
Cohorts using GDS
All non-demented (n=9177)
Apathy 356/3607 1.23(1.05-1.44) 0.011 222/3161 1.37(1.11-1.70) 0.004
Depression 344/4408 1.37(1.15-1.64) <0.001 207/3725 1.30(1.03-1.65) 0.029
Apathy x depression - 1.31(0.95-1.79) 0.099 - 1.36 (0.89-2.08) 0.160
Normal cognition (n = 6085)
Apathy 123/2182 1.20(0.92-1.58) 0.187 79/2182 1.15(0.82-1.60) 0.433
Depression 104/2612 1.41(1.04-1.90) 0.026 75/2612 1.38(0.96-1.98) 0.083
Apathy x depression - 1.40(0.81-2.42) 0.232 - 1.89(0.94-3.79) 0.074
Mild cognitive impairment (n = 1906)
Apathy 172/979 1.31(1.03-1.66) 0.027 143/979 1.56 (1.18-2.06) 0.002
Depression 161/1113 0.98(0.74-1.30) 0.880 132/1113 0.92(0.67-1.27) 0.617
Apathy x depression - 1.45 (0.89-2.35) 0.132 - 1.24(0.71-2.15) 0.447

Notes: The hazard ratios adjusted for age, sex, education, ethnicity, hypertension, diabetes, stroke, and cohort are presented. Statistical values with p < 0.05

are reported in bold.

Abbreviations: Cl, confidence interval; GDS, Geriatric Depression Scale; HR, hazard ratio.

rodegeneration via altered transmission and metabolism of dopamine
and glutamate, the neurotransmitters closely linked to the reward
system.*34044 Age-related reduction in social networks*> may also be
a contributing factor to diminished motivation and interest in daily
life. Given these factors, assessing dementia risk based solely on the
presence of apathy may be insufficient in cognitively normal older
adults. Instead, it is crucial to consider contextual factors that might
amplify the relationship between apathy and dementia, improving risk
stratification for intervention.

Notably, apathy increased dementia risk only in the presence of
coexisting depression. The co-occurrence of apathy and depression
is common among community-dwelling older adults. In our study,
56.6% of individuals with depression and 66.7% of those with both
MCI and depression also had apathy. Previous studies have linked
apathy to neuronal injury and amyloid beta (AB) deposition in the ante-
rior cingulate cortex and medial prefrontal cortex, whereas depres-

sion has been associated with these pathological processes in the
frontal-limbic regions, including the amygdala, hippocampus, cingu-
late cortex, and inferior temporal, inferior parietal, and dorsolateral
prefrontal cortices.’8%¢ Therefore, individuals with MCI and coexist-
ing apathy and depression may exhibit more widespread AD-related
pathology, including amyloid burden, neuronal injury, and white mat-
ter microstructural changes that disrupt cortical-subcortical networks
involved in motivation and emotion regulation.*” In addition to its bio-
logical underpinnings, apathetic depression is associated with greater
social isolation and increased risky behaviors (e.g., sedentary behav-
jors and alcohol consumption),*“8 potentially further amplifying the
detrimental impact of a single affective symptom on dementia risk.
Clinically, while apathy in otherwise healthy older adults may not
require immediate intervention, its coexistence with depression and
MCI may signal a subgroup with more advanced pathology and higher
short-term dementia risk. Such individuals may benefit from early
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TABLE 4 Association of apathy with the risk of incident dementia by depression and cognitive status.
All-cause dementia Alzheimer’s disease
No. of cases/ HR (95% CI) No. of cases/ HR (95% CI)
total of apathy of apathy p total of apathy of apathy p
Non-depressed, total cohorts
All non-demented 161/1390 1.05(0.86-1.28) 0.612 72/948 1.12(0.83-1.50) 0.463
Normal cognition 54/710 1.03(0.73-1.45) 0.890 26/710 0.81(0.50-1.29) 0.364
MCI 56/238 1.01(0.72-1.41) 0.959 46/238 1.30(0.89-1.91) 0.178
Non-depressed, cohorts using GDS
All non-demented 125/1081 1.09(0.86-1.37) 0.474 69/897 1.15(0.85-1.56) 0.373
Normal cognition 49/665 1.00(0.70-1.43) 0.989 24/665 0.79(0.49-1.29) 0.350
MCI 55/232 1.10(0.78-1.55) 0.588 45/232 1.41(0.94-2.11) 0.093
Depressed, total cohorts
All non-demented 279/2916 1.33(1.08-1.64) 0.008 157/2317 1.58(1.17-2.15) 0.003
Normal cognition 77/1559 1.39(0.92-2.10) 0.115 58/1559 1.56 (0.96-2.53) 0.072
MCI 119/758 1.62(1.14-2.31) 0.008 99/758 1.74(1.17-2.60) 0.006
Depressed, cohorts using GDS
All non-demented 231/2526 1.38(1.09-1.74) 0.008 153/2264 1.64(1.19-2.25) 0.003
Normal cognition 74/1517 1.52(0.97-2.38) 0.068 55/1517 1.74(1.01-2.98) 0.045
MCI 117/747 1.61(1.12-2.30) 0.010 98/747 1.75(1.17-2.62) 0.007

Notes: The hazard ratios adjusted for age, sex, education, ethnicity, hypertension, diabetes, stroke, and cohort are presented. Statistical values with p < 0.05

are reported in bold.

Abbreviations: Cl, confidence interval; GDS, Geriatric Depression Scale; HR, hazard ratio; MCI, mild cognitive impairment.

detection and targeted interventions beyond conventional antidepres-
sant therapy, including behavioral intervention (e.g., Enhancing Neu-
robehavioral Gains with the Aid of Games and Exercises [ENGAGE]),
dopaminergic agents, or neuromodulation.’®4? Our findings also high-
light that monitoring the progression from apathy or depression alone
to their coexistence could help identify individuals at particularly
high risk for dementia, who might also represent potential candidates
for amyloid biomarker assessment and future anti-amyloid therapy
trials.

Prior studies on apathy and dementia risk in community-dwelling
older adults have reported inconsistent findings, likely due to differ-
ences in participants’ cognitive status. Studies with a higher proportion
of cognitively normal individuals consistently found no association
between apathy and dementia risk, 212 whereas studies focused solely
on MCI populations or studies in which baseline cognitive diagno-
sis was unknown showed mixed results.”-1114-16 These discrepancies
may stem from small sample sizes, particularly the low number of
individuals with apathy, which limited statistical power. Additionally,
previous studies did not account for depression, a factor that modu-
lates the apathy-dementia relationship. By differentiating the effects
of cognitive status and depression, our study addresses these limita-
tions through a large-scale collaborative approach, allowing for greater
statistical power and a more nuanced understanding of apathy as a
dementia risk factor. In doing so, our findings may contribute to bridg-
ing existing knowledge gaps and offer insights into the interplay among
apathy, depression, and cognitive decline.

Apathy prevalence in MCI varies widely across studies, ranging
from 3.1% to 18.5%,310.14-16.50 gjgnjficantly lower than the 47.8%
prevalence observed in our study. This discrepancy may be due to dif-
ferences in assessment methods, as previous studies primarily used
caregiver-reported tools like the Neuropsychiatric Inventory, whereas
most cohorts in our study (7 out of 10), including 6 using GDS-3A, relied
on self-reported measures. In community-based samples, self-reported
GDS-3A has been associated with higher apathy prevalence, with rates
of 19.8% in mixed populations!! and 44.8% in MCI,! aligning more
closely with our findings. Caregivers may underreport mild apathy, as it
is often less noticeable in early stages, and reporting may vary based on
caregiver—patient dynamics and cultural backgrounds.®2->* However,
our study found that even when restricting analysis to self-reported
GDS-3A, the association between apathy and dementia risk remained
robust. This suggests that self-reported tools may be valuable for
identifying high-risk individuals, particularly in clinical and commu-
nity settings in which reliable informants are unavailable, trained
examiners are not available, or a more time-efficient assessment is
needed.

This study has several limitations. First, our findings may be influ-
enced by large sample sizes in certain cohorts. While results from
leave-one-out analyses were generally consistent with the main anal-
ysis, statistical power was notably reduced when analyzing subgroups
with fewer cases, such as depressed MCI individuals. In particu-
lar, when excluding the largest cohort (KLOSCAD), the association
between apathy and dementiarisk in depressed MCl lost statistical sig-
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nificance, and the overall trend of results shifted slightly. Therefore,
although this study includes a large, multiethnic, and multinational
cohort of community-dwelling older adults, caution is needed when
generalizing these results. Second, for apathy assessment, we used the
GDS-3A for most cohorts, which consists of only three items and may
not fully capture the severity or broad domains of apathy. This lim-
itation may have contributed to the lack of a significant association
between apathy and dementia risk in cognitively normal individuals, as
many participants classified as having apathy likely had mild severity. In
addition, self-reported assessment of apathy may have led to an under-
estimation of its prevalence among individuals with MCI.>> GDS-3A
may also have limited ability to differentiate apathy from depression,
because the GDS-3A was originally developed for assessing depres-
sive symptoms. This potential overlap could partially explain the finding
that apathy was related to dementia risk primarily among individuals
with depression. To address this limitation, we attempted an analysis
restricted to non-GDS cohorts, but the limited number of apathy and
dementia cases rendered the analysis infeasible. Future studies should
include clinician-rated instruments, such as the Apathy Evaluation
Scale, and incorporate larger samples to better assess apathy severity
and its qualitative distinctions from depression. Third, follow-up peri-
ods varied both within and across cohorts and were relatively short
(5.7 + 3.4 years). Despite the sensitivity analyses conducted to address
this issue, such heterogeneous and short observation periods may
have been insufficient to fully capture dementia progression, particu-
larly among cognitively normal individuals, and could have introduced
potential bias. Fourth, despite extensive harmonization efforts across
10 international cohorts, differences in data availability and variable
definitions may have influenced the analyses. In particular, definitions
and ascertainment of incident dementia were not fully uniform across
cohorts, and the availability of some potential covariates was limited by
feasibility of harmonization.

Despite these limitations, this study provides valuable insights
into the roles of apathy and depression in the progression risk of
dementia in community-dwelling older adults by using a large-scale,
multiethnic, and multinational cohort. Our results hold important
implications for community-based dementia prevention strategies,
underscoring the need for early identification of high-risk individuals
and the integration of affective symptoms monitoring into routine cog-
nitive health assessments. Future research should assess the dementia
risk associated with the interplay between apathy and depression
using more reliable tools. Researchers should also examine how
affective symptom-based risk stratification complements cognitive-
based classification. Furthermore, it is necessary to clarify the dis-
tinct biological mechanisms linking affective symptoms to dementia

progression.
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