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Abstract

INTRODUCTION: Depressive symptoms are among early behavioral changes in

Alzheimer’s disease (AD); however, the relationship between neurodegeneration and

depressive symptoms remains inconclusive. To better understand this relationship in

preclinical AD, we examined hippocampal volume and depressive symptoms in cogni-

tively unimpaired carriers of the presenilin-1 (PSEN1) E280A mutation for autosomal

dominant AD.

METHODS: A total of 27 PSEN1 mutation carriers and 26 non-carrier family mem-

bers were included. Linear regression was used to test the relationship between

hippocampal volume and 15-itemGeriatric Depression Scale.

RESULTS: Carriers and non-carriers did not differ in depressive symptoms or hip-

pocampal volume. Within carriers, lower hippocampal volume was associated with

greater depressive symptoms, which remained significant after adjusting for age and

cognition. This relationship was not significant in non-carriers.

DISCUSSION:Hippocampal neurodegenerationmay underlie depressive symptoms in

preclinical autosomal dominant AD. These findings provide support for the utility of

targeting depressive symptoms in AD prevention.
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Highlights

∙ We compared unimpaired autosomal dominant Alzheimer’s disease (AD) mutation

carriers and non-carriers.

∙ Carriers and non-carriers did not differ in severity of depressive symptoms.

∙ In carriers, hippocampal volume was inversely associated with depressive symp-

toms.

∙ Depressive symptomsmay be a useful target in AD prevention.

1 BACKGROUND

Depressive symptoms are prevalent in older adults and are among

the early behavioral changes observed in Alzheimer’s disease (AD).1–3

Experience of depressive symptoms may increase an individual’s risk

for AD or reflect the early pathological changes of AD (i.e., a prodro-

mal marker).4–8 Greater depressive symptoms have been associated

with pathological hallmarks of disease progression, including higher

amyloid beta (Aβ)9,10 and medial temporal lobe tau11 in cognitively

normal older adults. Increases in depressive symptoms have also been

associated with worsening cognition in older adults with high Aβ.12 To
that end, it is important to understand the mechanisms through which

depression and AD are related.

One proposed mechanism by which depression and dementia are

related is through hippocampal degeneration. The hippocampus is one

of the earliest sites affected by AD pathology.13 Decreased hippocam-

pal volume is evident prior to clinical dementia onset and occurs more

rapidly as the disease progresses.14,15 Separately, clinical depression

has been associated with smaller hippocampal volumes in younger

and middle-aged adults,16,17 though this association may be strongest

in older adults.18 In support of this common mechanism, clinical

depression has been associated with smaller hippocampal volumes in

both cognitively impaired19 and unimpaired older adults.20 In cog-

nitively unimpaired older adults with depression, lower hippocampal

volume was associated with longitudinal episodic memory decline.20

The inverse relationship between hippocampal volume and depressive

symptoms has also been reported consistently in cognitively healthy

adults experiencing a range of depressive symptoms, including those

at subthreshold levels.21–25 However, other studies have found no or

marginal associations between symptoms in the subthreshold range

and hippocampal volume.18,26 Importantly, the mechanisms under-

lying the association between hippocampal volume and depressive

symptoms may be multifactorial and include both AD and age-related

processes.21

Studying the relationship between depressive symptoms and hip-

pocampal volume in younger, cognitively unimpaired adults with auto-

somal dominant AD (ADAD) can provide unique insight into early

behavioral changes in the preclinical and prodromal stages of AD

that are associated with incipient neurodegeneration, apart from age-

related co-morbidities. The largest kindred with ADAD due to a single

mutation, presenilin-1 (PSEN1) E280A, resides in Antioquia, Colom-

bia. Carriers of this mutation are genetically determined to develop

dementia, with a median age of onset of mild cognitive impairment

(MCI) at 44 years and dementia at 49 years.27 PSEN1 E280A carriers

with depressive symptoms may have a faster clinical progression than

those without depressive symptoms,8,28 and carriers have been found

to have decreased hippocampal volumes beginning approximately 6

years prior to MCI diagnosis.15 The association between hippocampal

volume and depressive symptoms in ADAD remains in need of further

exploration.

In this study, we aimed to (1) examine differences in depressive

symptoms and hippocampal volume between cognitively unimpaired

PSEN1 E280A mutation carriers and non-carriers, and (2) examine

the relationship between depressive symptoms and hippocampal vol-

ume in preclinical ADAD.Wehypothesized that cognitively unimpaired

mutation carriers would have greater depressive symptoms and lower

hippocampal volume than non-carriers prior to dementia onset, and

that greater depressive symptoms would be associated with lower

hippocampal volume in mutation carriers. Such findings would pro-

vide further support of the shared underlying mechanism between

hippocampal-related neurodegeneration and depression specific to

AD, outside of age-related processes, and thus have implications for

approaches aimed at early detection, intervention, and prevention

of AD.

2 METHODS

2.1 Participants

A total of 53 cognitively unimpaired individuals from a Colombian

kindred with a high prevalence of the PSEN1 E280A mutation for

ADAD were included in the study, including 27 mutation carriers

and 26 age-matched non-carrier family members. Mutation carriers

from this cohort have a median onset of MCI at age 44 years (95%

confidence interval [CI]: 43–45) and of dementia at age 49 years



988 LANGELLA ET AL.

(95% CI: 49–50).27 All participants were unaware of their own genetic

status, but all participants had a parent who was a mutation carrier.

Only participants living in the metropolitan area of the Aburra Valley,

within 105 miles of the University of Antioquia, were invited to par-

ticipate in the study. Potential participants were screened in advance

for the presence of neurologic and psychiatric disorders, drug use, and

eligibility to undergomagnetic resonance imaging (MRI).

This study was approved by the institutional review board of the

University of Antioquia in Colombia and was performed in accordance

with the ethical standards as laid down in the 1964 Declaration of

Helsinki. All participants completed informed consent prior to the ini-

tiation of any study procedures. Participants included a representative

sample of adults living in Antioquia, Colombia and were not excluded

on the basis of sex or gender.

2.2 Clinical assessments

Neuropsychological tests were administered by a trained psychologist,

blind to carrier status. Clinical assessmentswere administered in Span-

ish within 1 year of neuroimaging (mean = 157 ± 119 days). Cognitive

impairment was determined via the Functional Assessment Staging

Test (FAST), which ranges from 1 (normal) to 7 (severe dementia).29 A

score of 1 indicates no difficulties, either subjectively or objectively.

A score of 2 indicates that there may be some subjective memory

concerns that are in the normal range for aging adults. A score of 3

or above, which resulted in exclusion from the study, indicates that

memory problems are affecting performance at work and/or other

life activities. Additionally, all cognitively unimpaired carriers and non-

carriers had a Mini-Mental State Examination (MMSE)30 score of

at least 24/30. Cognitive assessments also included the Consortium

to Establish a Registry for Alzheimer’s Disease (CERAD) word list

delayed recall.31 Subjective memory complaints were obtained via the

SubjectiveMemory Complaints Questionnaire.32

Tomeasure depressive symptoms, participants completed the Span-

ish version of the 15-item Geriatric Depression Scale (GDS).33,34 The

GDS is a self-reported measure of depressive symptoms, consist-

ing of 15 yes/no questions, for which higher scores indicate greater

depressive symptoms. The GDS is the standard instrument tomeasure

depressive symptoms in this kindred,28 chosen as a comparable scale

to studies of late-onset AD and for its appropriateness for groups with

early stages of cognitive impairment.

2.3 Structural MRI

Structural data were acquired on a 1.5T Philips (Best) Achieva MRI

scanner at the Instituto de Alta TecnologíaMédica inMedellin, Colom-

bia. For each participant, two high-resolution T1-weighted structural

MRI scans were collected to examine hippocampal volumes (3D fast

field echo, repetition time 2530 ms, echo time 3.39 ms, flip angle 7◦,

field of view 256 × 256, voxel size 1.0 × 1.0 × 1.0 mm, 176 slices).

Automatic shimming procedures were performed. Hippocampal vol-

umeswere automatically estimatedusingFreeSurfer35 (v. 4.5). Left and

RESEARCH INCONTEXT

1. Systematic review: The authors reviewed the literature

using traditional sources (e.g., PubMed). The associa-

tion between depression and Alzheimer’s disease (AD)

dementia has been widely studied, but few studies have

reported on the underlying mechanisms in relation to

neurodegeneration and depressive symptoms in preclin-

ical autosomal dominant AD.

2. Interpretation: We examined the association between

hippocampal volume and depressive symptoms in cog-

nitively unimpaired carriers of the presenilin-1 E280A

mutation for autosomal dominant AD. Within muta-

tion carriers, lower hippocampal volume was associated

with greater depressive symptoms. No relationship was

observed in non-carriers. Our findings demonstrate an

association between hippocampal volume and depressive

symptoms in preclinical autosomal dominant AD, without

the confounds of normal aging.

3. Future directions: Future studies should examine the

progression of depressive symptoms in conjunction with

markers of ADpathology, including amyloid beta, tau, and

hippocampal neurodegeneration to determine whether

depressive symptomsprecedeor exacerbate pathological

changes.

right hippocampal volumes were averaged to create a single metric for

each participant. For each participant, hippocampal volumes were nor-

malized by dividing by the individual’s intracranial volume and then

multiplying that proportion by the mean intracranial volume of their

group (carrier/non-carrier).

2.4 Statistical analyses

All analyses and visualizations were conducted in R (v. 4.0.5), and a

two-tailed alpha of 0.05 was used to determine statistical significance.

Group differences between carriers and non-carriers were assessed

using independent two-sample t tests (Levene test was used for

examining equality of variances) for normally distributed continuous

variables andMann–WhitneyU tests for non-normally distributed con-

tinuous variables. Because hippocampal volumewas normalizedwithin

group separately for carriers and non-carriers, we compared hip-

pocampal volume across groups using both normalized and unadjusted

values. Chi-square tests were used for categorical variables. Linear

regressions were used to examine GDS and normalized hippocampal

volume separately as a function of age in carriers and non-carriers.

Linear regressions were calculated with GDS as the dependent vari-

able and with normalized hippocampal volume as the predictor

separately for carriers and non-carriers. Models were repeated addi-

tionally including demographic covariates (age, sex, and education).
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TABLE 1 Sample characteristics.

Carriers (n= 27) Non-carriers (n= 26) P-value

Age (years) 35.93± 8.18 (24–53) 37.04± 6.48 (24–48) 0.586

Sex (female/male) 19F / 8M 23F / 3M 0.105

Education (years) 10.19± 3.26 (4–17) 10.58± 4.67 (3–20) 0.724

GDS-15 2.11± 2.61 (0–11) 2.85± 3.54 (0–13) 0.681

Mini-Mental State Examination 28.74± 1.87 (24–30) 29.69± 0.55 (28–30) 0.085

CERADdelayed recall 5.70± 2.49 (1–9) 7.38± 1.79 (4–10) 0.007

Subjectivememory complaints 14.56± 9.70 (1–35) 9.12± 6.11 (3–24) 0.018

Intracranial volume (mm3) 1.41× 106 ± 1.08× 105

(1.20× 106 − 1.64× 106)

1.35× 106 ± 1.28× 105

(1.05× 106 − 1.57× 106)

0.091

Hippocampal volume (mm3) 3866.85± 568.80 (2622–4883) 4089.94± 370.92 (3402–4734) 0.097

Note. Group differences in age, education, CERAD delayed recall, subjective memory complaints, hippocampal volume, and intracranial volume were con-

ducted using an independent sample t test. Group differences in GDS-15 and Mini Mental State Examination scores were conducted using Mann–Whitney

U tests. Group differences in sex were conducted using chi-square tests. Means ± standard deviation given for continuous measures with observed range in

parentheses.

Abbreviations: CERAD: Consortium to Establish a Registry for Alzheimer’s Disease; GDS-15: Geriatric Depression Scale (15-item).

Sensitivity analyses were run to examine the effect of cognitive

covariates (MMSE, word list recall, subjective memory complaints).

Standardized beta weights from regressions are reported in the text.

To account for non-normality of GDS scores, analyses including GDS

score were also run using non-parametric Spearman rank correlation.

3 RESULTS

3.1 Sample characteristics

Demographics and clinical characteristics of the sample are shown

in Table 1. Carriers and non-carriers did not differ in age (t = 0.55,

P = 0.586), education (t = 0.36, P = 0.724), sex (χ2 = 2.64, P = 0.105),

or MMSE scores (W = 434, P = 0.085). Carriers had lower CERAD

delayed recall scores (t = 2.81, P = 0.007) and higher subjective mem-

ory complaints (t=−2.45, P= 0.018). Carriers and non-carriers did not

differ in GDS scores (W= 374, P= 0.681; Figure 1A), hippocampal vol-

ume (unadjusted: t = 1.70, P = 0.097; Figure 1B; normalized: t = 1.91,

P= 0.063), or intracranial volume (t= 1.72, P= 0.091).

As a secondary analysis to examine differences in GDS and hip-

pocampal volume, we examined each variable as a function of age,

which serves as a proxy for disease progression in mutation carriers

(Figure 1C-D). In carriers, smaller hippocampal volume was associated

with increasing age (β=−0.68,P<0.001).GDSwasnot associatedwith

age in carriers (β= 0.30, P= 0.124, rho= 0.23, P= 0.242). Age was not

associated with either hippocampal volume (β = −0.14, P = 0.493) or

GDS (β=−0.02, P= 0.927; rho= 0.02, P= 0.926) in non-carriers.

3.2 Hippocampal volume is a predictor of
depressive symptoms in PSEN1 E280A carriers

To assess the association between hippocampal volume and depres-

sive symptoms, we regressed GDS score on normalized hippocampal

volume separately in carriers and non-carriers. In carriers, lower hip-

pocampal volume was associated with higher GDS score (β = −0.54,

P = 0.003; Figure 2A), which remained significant after adjusting for

age, sex, and education (Table 2) and after adjusting for time between

measurements (hippocampal volume β=−0.50, P= 0.006). There was

no significant relationship between hippocampal volume and GDS in

non-carriers in the simple regression (β=−0.18, P= 0.383; Figure 2B),

nor when including demographic covariates (β = −0.12, P = 0.568) or

time betweenmeasurements (β=−0.16, P= 0.443).

Similar results were obtained when using Spearman correlation to

account for the non-normality of the GDS scores (carriers, no covari-

ates: rho = −0.49, P = 0.010; carriers, with covariates: rho = −0.45,

P = 0.028; non-carriers, no covariates: rho = −0.05, P = 0.801;

non-carriers, with covariates: rho = 0.05, P = 0.831). Relationships

between GDS and hippocampal volume were also consistent using

log-transformedGDS scores in linear regressionmodels and inmedian-

based regressionmodels (data not shown).

A post hoc linear regression model was run in all participants to

examine whether the relationship between hippocampal volume and

GDS differs by group. There were no main effects of hippocampal

volume (β = −0.28, P = 0.290) or group (β = 0.30, P = 0.836) nor

an interaction between group and hippocampal volume (β = −0.50,

P= 0.722) on GDS.

3.3 The relationship between hippocampal
volume and depressive symptoms is independent of
memory performance

A series of sensitivity analyses were conducted adjusting for the

cognitive measures within carriers. Hippocampal volume remained a

significant predictor of GDS after adjusting for MMSE total score

(β = −0.50, P = 0.018), CERAD word list delayed recall (β = −0.48,

P = 0.018), and subjective memory complaints (β = −0.49, P = 0.007).

The objective and subjective cognitive measures were not significant
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F IGURE 1 Depressive symptoms and hippocampal volume in PSEN1 carriers and non-carriers. Distribution of (A) Geriatric Depression Scale
scores and (B) normalized hippocampal volume by group. Scatterplot with estimated regression line and standard error bands of (C) Geriatric
Depression Scale scores and (D) normalized hippocampal volume by age in carriers (red) and non-carriers (black). PSEN1, presenilin-1

F IGURE 2 Association between hippocampal volume and depressive symptoms in carriers and non-carriers. Scatterplots showing Geriatric
Depression Scale scores plotted by normalized hippocampal volume in (A) carriers and (B) non-carriers with regression lines and standard error
bands.



LANGELLA ET AL. 991

TABLE 2 Standardized regression output predicting Geriatric
Depression Scale score in carriers and non-carriers, adjusting for
demographic variables.

Carriers Non-carriers

Predictor β P β P

Hippocampal volume

(normalized)

−0.64 0.014 −0.12 0.568

Age −0.12 0.671 −0.29 0.227

Sex 0.15 0.444 0.29 0.151

Education −0.02 0.930 −0.43 0.090

predictors ofGDS score (MMSE: β=−0.10,P=0.609; recall: β=−0.14,
P= 0.470; subjectivememory complaints: β= 0.28, P= 0.109).

3.4 Influence of clinical versus subthreshold
levels of depressive symptoms

Seven participants (13.21%; two carriers, five non-carriers) had scores

greater than 5, indicative of presence of depressive symptoms in the

clinical range, of at least mild or greater severity. To explore the rela-

tive influence of participants with depressive symptoms in the clinical

versus those with subthreshold scores, we categorized participants

as having no depression (0 to 1 symptoms), subthreshold scores (2

to 5 symptoms), and depressive symptoms in the clinical range (6 or

more symptoms), deriving cutoff values fromameta-analysis of studies

examining subthreshold levels of depression.36

Using these values, 15 PSEN1 E280A carriers were classified as

having no depression, 10 were classified as having scores in the sub-

threshold range, and 2 having scores in the range of clinical depression.

Hippocampal volume significantly differed between groups (Kruskal–

Wallis X2
= 6.19, P = 0.045; Supplementary Figure 1). Post hoc

pairwise comparisonswerenot statistically significant, but numeric dif-

ferences were in the hypothesized direction, such that carriers with

no depression had numerically higher hippocampal volume than those

with subthreshold scores (uncorrected P = 0.129) or scores in the

range of clinical depression (uncorrected P = 0.059). Further, those

with subthreshold scores had numerically higher hippocampal volume

than those with scores in the range of clinical depression (uncor-

rected P = 0.061). To address the small sample size of these groups,

we additionally compared participants with no depression (n = 15,

GDS scores 0–1) to those with subthreshold scores and scores in the

range of clinical depression (n = 12, GDS scores 2 or above), finding

that those with no depression had significantly higher hippocam-

pal volume than those with scores in the subthreshold and clinical

depression ranges (Wilcoxon W = 49, P = 0.048). Within the sub-

group of carriers with subthreshold scores and scores in the range of

clinical depression, higher hippocampal volume was associated with

lower GDS score (β = −0.74, P = 0.006). Regressions were not run

in the no depression subgroup due to low score range (0–1) in this

group.

4 DISCUSSION

The association between depression and dementia has been well

established,1,2,4,37 yet the underlying mechanisms of this association

remain uncertain. Previous literature in non-demented older adults

has shown converging evidence between depressive symptoms and

hippocampal neurodegeneration,21–25 though these studies are com-

plicated by non-AD, age-related changes in brain pathology. Therefore,

we sought to examine depressive symptoms and their association with

hippocampal volume in preclinical ADAD mutation carriers. Because

the average ageof the current samplewas in themid-30s and themuta-

tion carriers will develop AD dementia, it is unlikely that our findings

are driven predominantly by age-related changes, thus allowing us to

approach this timely question from a novel lens. [Correction added on

November 14, 2023, after first online publication: The preceding para-

graphwasmissing and the following paragraphwas duplicated and this

has now been corrected.]

There were no statistically significant differences in hippocampal

volume between carriers and non-carriers, but there was a trend in

the hypothesized direction, such that carriers had numerically smaller

hippocampal volumes than non-carriers. Lower hippocampal volume

was inversely associated with age within the carrier group, suggest-

ing that carriers closer to the estimated age of clinical onset are likely

driving these differences, whereas younger carriers may not have yet

experienced significant levels of hippocampal atrophy. Significant hip-

pocampal volume reductions in this kindred are evident on average

approximately 6 years prior to the onset of MCI (age 38),15 which is

slightly older than the average age of our sample.

Contrary to our hypotheses, carriers and non-carriers did not dif-

fer in self-reported depressive symptoms. In a study of individuals

with ADAD due to various mutations from the Dominantly Inherited

Alzheimer’s Network (DIAN) cohort, the odds of experiencing depres-

sive symptoms was greater in mildly cognitively symptomatic ADAD

mutation carriers relative to non-carriers but not in asymptomatic

carriers, suggesting the behavioral changes arise in prodromal rather

than preclinical disease stages.3 In PSEN1 E280A carriers, depression

onset most commonly occurred after the onset of MCI or dementia.28

Similarly, older adults with subjective cognitive decline or objective

cognitive impairment have been shown to have greater depressive

symptoms than cognitively unimpaired older adults.38 We did not find

an increase in depressive symptoms with age in the current sam-

ple; however, all included participants were young and cognitively

unimpaired. Depressive symptoms, including those below the clini-

cal threshold, should be further examined in PSEN1 E280A carriers

with MCI and early dementia, as well as longitudinally in cognitively

unimpaired carriers, to determine when such behavioral symptoms

manifest. Depressive symptoms can also be influenced by many non–

disease-specific factors, including lifestyle or social support, which

may diminish the relationship between depressive symptoms and

hippocampal volume observed in a preclinical sample.

Members of this kindredhave a complex historywith all participants

having a parent affected byADat a young age and knowledge that they

might carry thismutation.Because carriers andnon-carrierswereblind
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to their genetic status and had similar, low depressive symptom scores,

we do not believe this has a significant impact on the current results.

A study of ADAD mutation carriers from the DIAN cohort found no

difference in depressive symptoms, hippocampal volume, or clinical

disease progression as a function of awareness of mutation status.39

Rates of depression in our sample (approximately 13% of participants

with scores in the clinical range) is similar to that observed in the older

adult population in Colombia, though estimates vary based on age, sex,

and other health factors.40–42 Future studies should consider possible

differences between ADAD kindreds and older adult sporadic AD pop-

ulations that may influence the association between depression and

dementia or the generalizability of results between populations.

Although carriers did not have elevated depressive symptoms rel-

ative to non-carriers, we found that lower hippocampal volume was

associated with greater depressive symptoms in cognitively unim-

paired PSEN1 E280A carriers. These results were independent of

memory or global cognitive deficits, and no relationship was observed

in the non-carriers. This study is among the first to demonstrate a

relationship between neurodegeneration and depressive symptoms

in preclinical ADAD. These findings expand on prior reports of an

association between depressive symptoms and hippocampal volume

in dementia19 and cognitively unimpaired older adults.20–25 The asso-

ciation between hippocampal atrophy and depressive symptoms in

the general older adult population may reflect various causes because

hippocampal atrophy is not specific to AD processes.43,44 In ADAD,

however, because all mutation carriers are genetically determined

to develop AD dementia by midlife, observed hippocampal atrophy

is very likely to be associated with disease progression rather than

typical aging or other processes. The extent to which these findings

are specific to the hippocampus versus larger regional or whole-brain

measures26 should be further examined, aswell as alternativemethods

to quantify hippocampal atrophy (e.g., hippocampal integrity) that may

bemore sensitive than volume.45 Finally, althoughwe considered over-

all quantity of depressive symptoms in our models, specific symptoms

may drive the relationship between hippocampal volume and depres-

sion in AD. Apathy in particular has been independently associated

with hippocampal volume in cognitively unimpaired21 and impaired46

older adults.

Longitudinal studies, including additional measures of pathology,

are needed to clarify the role of depressive symptoms as a risk fac-

tor and/or prodrome of AD dementia. Depressive symptoms have

been associated with medial temporal lobe tau in cognitively unim-

paired older adults.11 Additionally, increases in depressive symptoms

over 1 year were associated with higher Aβ burden,9 and worsen-

ing depressive symptoms, in the presence of Aβ, are associated with

declining cognition.12 Yet, other studies have reported no associa-

tion between low gray matter volume in depressed older adults and

Aβ.47,48 Studies including multiple pathologies across several years

with rigorous phenotyping of depressive symptoms (i.e., depressive

symptoms vs. major depressive disorder) will be instrumental in disen-

tangling effects of risk or early behavioral manifestations. Recently it

was reported that PSEN1 E280A carriers with clinical depression prior

to MCI onset had faster progression to dementia.28 Taken together

with our findings in the range of subthreshold to clinical depressive

symptoms, prevention and treatment of early depressive symptoms,

even prior to reaching clinical levels, should be prioritized. This raises

the possibility of interventions targeting depression to slow progres-

sion to dementia in ADAD. Indeed, depression has been identified

by the Lancet Commission as an important modifiable risk factor for

dementia prevention.49 Whether depressive symptoms are a disease

risk factor, behavioral manifestation, or both, multimodal treatments

for disease-modifying therapies, pharmacological antidepressants, and

psychosocial and lifestyle interventions will be critical to develop and

administer early.

This study has several limitations. Although our participants are car-

riers of a single mutation with a well-characterized disease trajectory,

the sample size is relatively small. Follow-up studies in a larger sample

of both ADAD and sporadic AD populations are needed to determine

the generalizability of these results. In particular, although we found

significant effects of hippocampal volume on depressive symptoms in

mutation carriers and not in non-carriers, we did not find evidence that

the association between hippocampal volume and depressive symp-

toms differed by group. It is likely that we had inadequate power to

detect an interactive effect, but further analysis is needed in larger

samples to clarify these relationships. Psychiatric history was also

not available for these participants, though this history may influence

hippocampal volume and should be accounted for in future investiga-

tions. Additionally, the range of depressive symptoms was low, and we

were unable to examine whether specific symptoms or symptom clus-

ters were driving our results. Finally, our data were cross-sectional,

and therefore, we are unable to determine whether depressive symp-

toms predate or are a consequence of hippocampal atrophy. Future

longitudinal studies in this kindred that incorporate amyloid and tau

measurements will provide more insight into the temporal ordering of

behavioral and pathological change in preclinical ADAD.

In conclusion, we found that low hippocampal volume is associated

with greater depressive symptoms in PSEN1 E280A mutation carriers,

more than a decade prior to the estimated clinical onset of dementia.

This association is independent of memory deficits and unlikely to be

associated with age-related changes. These findings provide support

for the potential utility of targeting depressive symptoms in early AD

identification and prevention.
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