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Abstract

Even low levels of depressive symptoms are associated with an increased risk of cognitive decline 

in older adults without overt cognitive impairment (CN). Our objective was to examine whether 

very low, “subthreshold symptoms of depression” (SSD) are associated with Alzheimer’s disease 

(AD) biomarkers of neurodegeneration in CN adults and whether these associations are specific to 

particular depressive symptoms. We analyzed data from 248 community-dwelling CN older 

adults, including measurements of cortical amyloid burden, neurodegeneration markers of 

hippocampal volume (HV) and cerebral 18F-fluorodeoxyglucose (FDG) metabolism in a 

composite of AD-related regions and the 30-item Geriatric Depression Scale (GDS). Participants 

with GDS>10 were excluded. General linear regression models evaluated the cross-sectional 

relations of GDS to HV or FDG in separate backward elimination models. Predictors included 

GDS total score, age, sex, premorbid intelligence, a binary amyloid variable and its interaction 
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with GDS. Principal component analyses of GDS item scores revealed three factors (the 

Dysphoria, Apathy-Anhedonia and Anxiety-Concentration Factors). In secondary analyses, GDS 

total score was replaced with the three factor scores in repeated models. Higher GDS score 

(p=0.03) was significantly associated with lower HV and was marginally related (p=0.06) to FDG 

hypometabolism. In secondary models, higher Dysphoria (p=0.02) and Apathy-Anhedonia 

(p=0.05) were related to lower HV while higher Apathy-Anhedonia (p=0.003) was the sole factor 

related to FDG hypometabolism. Amyloid was not a significant predictor in any model. In 

conclusion, very low-level dysphoria, apathy and anhedonia may point to neurodegeneration in 

AD-related regions but this association appears to be independent of amyloid burden.
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INTRODUCTION

In cognitively normal (CN) older adults, affective symptoms such as depression and apathy 

predict increased progression to amnestic mild cognitive impairment (MCI) suggesting that 

these neuropsychiatric symptoms may be very early clinical markers of Alzheimer’s disease 

(AD) or indicators of other etiopathological processes impacting the AD pathway at the 

preclinical stage.[1–3] While chronic late life major depression (LLD) confers the greatest 

risk of transition to MCI[3], other forms of depression, such as intermittent and remitted 

major depression[3], or low-grade depressive symptoms measured by depression screening 

instruments[4] or as a neuropsychiatric symptom item[1, 3] are also associated with 

increased risk of cognitive decline in older individuals without objective cognitive 

impairment. Here, the term “subthreshold symptoms of depression” (SSD) is used to 

encompass lower severity depressive classifications that do not meet diagnostic criteria for 

major depression, such as subsyndromal depression and minor depression, as well as 

depressive symptoms within a low or subclinical range on depression scales.[5–9]

SSD are common in advancing age and in heterogeneous groups of older adults. Groups of 

older adults with SSD include those evolving into or remitting from major depression, [10, 

11] those with a chronic course of SSD that may be accompanied by functional limitations 

and low perceived social support, [11–13] and others who may experience SSD in the 

context of natural conditions and psychological and physiological processes in very late life.

[13] Thus, the fate of older individuals with SSD may be varied and disease processes 

underlying the association of SSD and cognitive decline are not well understood.

Cortisol-mediated neurotoxicity within the hippocampus[14–17] and microvascular white 

matter disease contributing to dysfunction in affective and cognitive control networks[18, 

19] are two non-AD specific disease mechanisms that have been proposed to underlie the 

association of LLD and longitudinal cognitive decline that may also be relevant to SSD. It 

has also been proposed that affective changes, such as depression, may be very early 

symptoms in the AD pathway, prior to the stage of MCI, that arise from alterations in brain 

structure and function in regions vulnerable to AD.[1, 20–22] Prior studies have found 
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(syndromal) LLD in CN elderly cohorts to be associated with certain AD biomarkers such as 

reduced cerebrospinal fluid amyloid-beta 42, [23] entorhinal cortical thinning[24], and 

hippocampal atrophy, including sub-regions of the hippocampus associated with AD-related 

disease progression. [25, 26] Conversely, two clinical-pathological studies found that the 

association of SSD[21] or full-spectrum depressive symptoms[27] to cognitive decline 

across CN, MCI and dementia stages was unrelated to amyloid plaque burden or 

neurofibrillary tangle density, hallmark pathologies of AD, suggesting that other depression-

related pathophysiological processes, as yet uncharacterized, may influence clinical 

trajectories. Thus far, the relations of SSD to in vivo, AD-related biomarkers have been 

largely unstudied in CN elderly, defined as older adults who are without objective cognitive 

impairment on neuropsychological testing and do not meet criteria for MCI.

The objective of this study was to examine the cross-sectional relations of SSD to 

hippocampal volume (HV) [26] and resting glucose metabolism in a composite of AD-

related regions, [28] that are currently utilized as research markers of neurodegeneration in 

the AD pathway, including the preclinical stage.[29, 30] We hypothesized that greater SSD, 

even within a range below the cut-off for clinical depression, would be associated with these 

neurodegeneration biomarkers, reduced HV and hypometabolism, as dependent variables, in 

separate analyses adjusting for age, sex, premorbid intelligence, antidepressant medication 

use, prior depression history and fibrillar cortical amyloid burden. We also examined the 

interaction of SSD with amyloid burden in order to assess amyloid pathology as a possible 

etiological mechanism linking SSD and neurodegeneration in CN elderly. Our hypothesis 

was based on a model of SSD as potential behavioral markers of neuronal injury 

corresponding to preclinical AD stage 2 and 3.[30]

MATERIALS AND METHODS

Participants

The sample was comprised of 248 older adult participants in the Harvard Aging Brain Study 

(HABS), an ongoing prospective cohort study of cognitive aging. Participants were English-

speaking, community-dwelling men and women who met the following inclusion criteria: 

age 65–90, clinically normal cognition based on Clinical Dementia Rating[31] global score 

0, education adjusted Mini-Mental State Examination[32] (MMSE) of 27–30, and 

performance on the Logical Memory Story Delayed Recall[33] within 1.5 standard deviation 

adjusted for education. Individuals with serious mental illness, such as schizophrenia, 

schizoaffective disorder or bipolar disorder, moderate or severe major depression or 

substance abuse within the past two years, determined by psychiatric history, were excluded 

from the cohort. A self-reported history of depression adequately treated with serotonin or 

dual serotonin-norepinephrine reuptake inhibitors, bupropion or nortryptyline was allowed. 

Participants with scores of 11 or greater on the 30-item Geriatric Depression Scale (GDS)

[34] were also excluded from the cohort. (See Supplement for further exclusion criteria).

All participants provided informed consent prior to undergoing any study procedures. The 

HABS protocol was approved by the Partners Human Research Committee and was 

conducted in accordance with the ethical standards of the Helsinki Declaration of 1975.
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Clinical measures

In addition to the cognitive tests utilized for screening, baseline clinical assessments relevant 

to these analyses included the American National Reading Test[35] (AMNART) intelligence 

quotient (IQ), a measure of premorbid intelligence (greater score indicates greater 

intelligence) and the GDS. We measured depression on a continuous scale (0–10) that 

corresponds to the subclinical range of the 30-item GDS (greater score indicates greater 

severity).[34] Therefore, subthreshold depression was defined as any non-zero score below 

the cutoff for mild depression. Self-reported history of prior depression, current depression 

diagnosis and current use of antidepressant medication were also elicited at baseline via 

history obtained by an experienced clinician, followed by medical record review if 

necessary. Imaging assessments were performed within a mean of 137 ± 81 days of clinical 

assessments.

PiB-PET data

Fibrillar cortical amyloid burden was measured using Pittsburgh Compound B (PiB)- 

positron emission tomography (PET) imaging conducted at the Massachusetts General 

Hospital (MGH) PET facility. C11-PiB synthesis and imaging, using a Siemens ECAT 

EXACT HR+ PET scanner, were performed as previously reported.[36–39] PiB distribution 

volume ratio (DVR) was calculated for an aggregate of cortical regions that typically have 

elevated PiB retention in AD dementia, including frontal, lateral temporal, and lateral and 

medial parietal regions. Amyloid classification was determined using the aggregate PiB 

DVR value as previously described.[40] Using a Gaussian mixture modeling approach 

amyloid-positive or amyloid-negative status was based on a cut off value of 1.20 that was 

determined using a portion of participants included in the current analysis (N=161).

FDG PET data

18F-fluorodeoxyglucose (FDG) PET imaging was completed at the MGH PET facility as 

previously described.[40] FDG was extracted from a MetaROI reflecting regions known to 

be vulnerable in AD (lateral parietal, lateral inferior temporal and posterior cingulate 

cortex), [28] and used as a marker of neurodegeneration. We used the identical pons/vermis 

reference region previously used by Landau et al., and normalized average MetaROI values 

by the mean from the top 50% of voxels from this reference region.[28]

MRI data

Magnetic resonance imaging (MRI) scanning was completed at the MGH Martinos Center 

as previously described.[36, 38] Region of interest (ROI) labeling was implemented using 

FreeSurfer v5.1 (http://surfer.nmr.mgh.harvard.edu/). HV was collapsed across hemispheres 

and used as a marker of neurodegeneration. Bilateral HV was adjusted for intracranial 

volume (ICV) by performing a linear regression with HV as the dependent variable and ICV 

as the independent variable. The residual value from this model for each participant was 

used as the adjusted bilateral HV.
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Statistical Analyses

SAS Version 9.3 (SAS, Cary, NC) and SPSS Version 21 (IBM, Armonk, NY) statistical 

software were used. For our primary analyses, we employed multiple linear regression with 

backward elimination (GLMSelect procedure), using a p<0.1 threshold, to examine the 

cross-sectional relations of GDS score to each AD biomarker (HV and FDG) in separate 

models. For each model, the original pool of predictors included GDS total score, age, sex, 

AMNART IQ, prior history of depression, use of antidepressant medications, amyloid status 

(as a binary variable) and the interaction of GDS with amyloid status. For all models, partial 

regression coefficient estimates (β) with confidence intervals (CI), significance test results (p 

values), and percent variance accounted for by the model as a whole (R2) were reported. 

Residuals from the final models were examined to ensure that their distributions reasonably 

satisfied model assumptions of normality and homoscedasticity.

For our secondary analyses, we performed a principal component analysis (PCA) using 

baseline GDS items as a data reduction method and to consider whether GDS subdomains, 

as factors, would be differentially related to AD biomarkers. Three factors were found: the 

Anxiety-Concentration Factor, the Dysphoria Factor, and the Apathy-Anhedonia Factor that, 

together, explained 28.2% of the variance (see Figure 1; see Supplement Online for further 

Methods). To evaluate the relations of GDS factors to AD neurodegeneration biomarkers, 

we repeated the primary models for dependent variables HV and FDG but replaced the GDS 

total score with the three factor scores as separate predictors, along with the original pool of 

predictors, in separate backward elimination regression models for each biomarker.

RESULTS

As shown in Table 1, there was a low prevalence of past depression (6.1%), current 

depression (6.5%) and a low mean GDS score (2.8) that ranged from 0–10, consistent with 

study inclusion and exclusion criteria. Two-hundred and three participants (82%) endorsed 

at least one GDS item and 149 (60%) endorsed two or more items. Antidepressant use 

among the participants was 7.6% (16 participants reported use of selective serotonin-

reuptake inhibitors (Citalopram, Sertraline or Fluoxetine) while one each reported use of 

Nortryptiline, Bupropion and Duloxetine). Out of the total sample, 27% were classified as 

having high amyloid burden. Greater factor score for Apathy-Anhedonia, but not other 

factors, nor GDS total score, was associated with high amyloid burden (Mann-Whitney test, 

p=0.048). Greater factor scores for Apathy-Anhedonia (p=0.03) and Anxiety-Concentration 

disturbance (Mann-Whitney test, p=0.001) were associated with current antidepressant 

medication use. There were no significant unadjusted bivariate associations between high 

amyloid, past depression or current antidepressant use. Neither age nor sex was significantly 

related to GDS total score or GDS factor scores in unadjusted analyses (Spearman 

correlations and Mann-Whitney tests, respectively).

Primary Analyses

In the first model, lower bilateral adjusted HV was significantly associated with higher GDS 

total score, older age, and lower AMNART IQ with the model, as a whole, being significant 

(see Table 2 and Figure 2). In an analogous model for dependent variable FDG metabolism, 
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significant predictors included older age and lower AMNART, while greater GDS total 

score and amyloid-positive status were marginal predictors of hypometabolism, and the 

overall model was significant (see Table 2). The interaction of amyloid status with GDS was 

not retained in either model. When amyloid was used as a continuous variable rather than 

binary, similar results were obtained. Each model was also repeated removing any 

participants with a past history of depression, and there were no significant changes in these 

post-hoc models except that GDS total score became a non-significant (p=0.12) rather than 

marginal (p=0.06) predictor of FDG hypometabolism.

Secondary Analyses

We found that greater factor scores for Dysphoria and Apathy-Anhedonia, but not Anxiety-

Concentration, were significantly associated with lower HV along with greater age and 

lower AMNART IQ (see Table 3 and Supplement Figure 1A and B). We also found that 

greater Apathy-Anhedonia Factor score was significantly related to greater hypometabolism, 

with greater age and lower AMNART IQ as other significant predictors (see Table 3 and 

Supplement Figure 1C). Neither amyloid status nor the interaction of amyloid with any of 

the GDS factors was retained in the secondary models. Post-hoc models that excluded 

participants with a history of past depression did not significantly alter these results.

DISCUSSION

We examined baseline data derived from a newly established cohort of CN older adults in 

order to study the cross-sectional association of SSD with AD neurodegeneration 

biomarkers expected to be detectable in a subset of this cohort as potential preclinical 

markers. We found that SSD were significantly associated with lower HV in analyses 

adjusted for multiple possible confounders. More specifically, SSD corresponding to 

dysphoric mood, apathy and anhedonia (but not to symptoms of anxiety and concentration 

disturbance) were significantly related to low HV. The associations of SSD to HV were not 

modified by the presence or absence of elevated fibrillar cortical amyloid

We also found that SSD measured by the GDS total score was a marginal predictor of 

hypometabolism in a composite of AD-related, posterior cortical regions. On closer 

examination, SSD related to apathy and anhedonia were significantly related to 

hypometabolism, but other sub-domains of depressive symptoms were not. These 

associations were also not modified by amyloid burden.

GDS items concerning memory and cognitive symptoms were not part of the two factors 

found to be related to markers of HV and posterior cortical neurodegeneration. Thus, in 

older adults without cognitive impairment we demonstrate a substantial cross-sectional link 

between subthreshold mood and behavioral symptoms of depression and neurodegeneration 

in regions of interest in AD. These findings are complementary with strong epidemiological 

evidence that affective neuropsychiatric symptoms, such as depression, agitation, irritability, 

apathy and anxiety, are significant predictors of progression from preclinical to early clinical 

stages of AD.[1, 2]
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Prior research has demonstrated associations of both higher[41] and lower [23] 

concentrations of soluble amyloid-beta 42 in cerebrospinal fluid of non-demented and CN 

individuals with LLD compared to non-depressed controls. A small number of studies have 

evaluated LLD in conjunction with cerebral amyloidosis using PiB-PET in CN and non-

demented older adults, and have generally not found evidence for an association of high 

amyloid and remitted depression.[42–44] Our findings do not support fibrillar cortical 

amyloid pathology as a primary factor linking neurodegeneration and depressive-spectrum 

symptoms in CN elderly. Nonetheless, depression-related neurodegeneration may play a role 

in preclinical and early AD progression. Depression-spectrum symptoms, particularly apathy 

and anhedonia, may signal neuronal injury by other mechanisms and thus, increased 

vulnerability to AD pathophysiology and clinical decline. As such, depression-related 

pathophysiology is one possible etiological mechanism for the newly reported 

“neurodegeneration-first” AD pathway in which some CN elderly, initially demonstrate low 

HV and/or an AD pattern of hypometabolism in the absence of high amyloid burden at the 

preclinical stage.[45, 46]

Our primary finding, that SSD were associated with reduced HV, may be partly explained 

by the known association of low HV with major depression that persists in the remitted 

state.[24, 47, 48] However, neither prior depression nor antidepressant medication use was a 

significant predictor of HV in our analysis and post-hoc analyses excluding participants with 

past depression did not substantially alter our results. Therefore, it is unlikely that past 

depression alone accounts for the association of SSD with reduced HV. Rather, the relation 

of SSD to low HV in our sample may be mediated by multiple factors including past or 

current glucocorticoid neurotoxicity, underlying preclinical AD tau or soluble amyloid 

pathology, microvascular disease or other age-related processes.

A leading hypothesis holds that depression-related hippocampal atrophy is mediated by 

glucocorticoid toxicity, a mechanism by which hypercortisolemia induces hippocampal 

neuronal loss and dysfunction, a loss of feed-forward inhibition of corticotropin-releasing 

factor and hypothalamic-pituitary-adrenal (HPA) axis abnormalities, and, thereby, further 

depression and hippocampal damage.[14] More recent studies of older adults, have clarified, 

however, that hypercortisolemia is initially present in LLD but does not appear to mediate 

progressive hippocampal atrophy and cognitive decline, particularly in late-onset depression.

[24, 49]

Longitudinal MRI studies of CN older adults have documented accelerated HV loss in 

preclinical stages of AD that occurs initially in subicular and CA1 regions and later in CA2 

and CA3 subfields, areas that correspond to the pathological sequence of tau-related 

neurofibrillary tangle spread and neuronal loss.[26, 50, 51] Current evidence suggests that 

amyloid accumulation, when present, accelerates tau-related neurodegeneration in the 

hippocampus. [52] Ballmaier and colleagues found that late onset (but not early onset) 

depression in CN older adults was associated with bilateral hippocampal atrophy and 

specific local reductions in the CA1 and subicular regions that were also associated with 

lower performance on verbal and non-verbal memory tests,.[25] Thus, they characterized 

these depression-related and region-specific changes in HV and memory performance as 

suggestive of preclinical AD.[25] Other interacting disease mechanisms, such as 
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microvascular ischemia may also be involved in hippocampal neurodegeneration [25] and a 

background rate of HV loss related to normal aging has recently been defined in older adults 

via unknown mechanisms.[53] Thus, hippocampal neurodegeneration in older adults, and 

within this sample, is likely to be due to combination of age, depression, vascular and, 

possibly, AD-related mechanisms either unrelated to fibrillar cortical amyloid or at a level 

below our power to detect in these analyses.

In our second set of models, SSD, particularly those related to apathy and anhedonia, were 

associated with hypometabolism in bilateral temporal, parietal and posterior cingulate 

cortices that undergo accelerated atrophy in preclinical and clinical stages of AD.[28, 40, 

54] We also found hypometabolism to be related to greater age, compatible with studies that 

have demonstrated age-related cortical atrophy that includes temporo-parietal structures and 

is especially prominent in fronto-striatal and anterior cingulate regions, [55] areas that we 

did not include in our model. Prior studies of CN elderly have found SSD to be related to 

lower prefrontal gray matter volume and greater white matter lesions[22] and minor 

depression to be related to decreased anterior cingulate cortical thickness, [56] findings that 

may indicate vulnerability of cognitive control and affective networks to either age-related 

or vascular changes. Dotson and colleagues found mean depression score over 9 years 

(including SSD) to be longitudinally related to reductions in temporal, orbitofrontal and 

cingulate gray matter and frontal white matter.[57] Thus, combined etiopathologies related 

to age, AD, vascular and other factors may contribute to SSD within individuals and in a 

heterogeneous CN sample.

We add to prior work by demonstrating, more specifically, that in CN adults, GDS 

symptoms of apathy and anhedonia are associated with posterior cortical hypometabolism, 

on par with age-related effects. This finding complements other studies linking symptoms of 

apathy and anhedonia to functional decline. In a large national survey of older adults, 

anhedonia but not dysphoria predicted functional disability and higher mortality over 13 

years.[58] In our own prior work, apathy was an independent predictor of functional and 

global decline across a continuum of older adults ranging from CN to AD dementia.[59] 

Numerous studies have identified apathy as an early and common behavioral symptom in 

MCI and AD dementia linked to clinical progression[59, 60] and, recently, to posterior 

cingulate cortex hypometabolism in amnestic MCI.[61] Our current findings suggest that 

apathy and anhehonia may also signal early neurodegeneration and, thereby, increased 

vulnerability to clinical decline, in CN elderly. Apathy-andedonia factor scores in our 

sample were also significantly associated with high amyloid burden in unadjusted bivariate 

analyses, implicating AD pathophysiology, and in line with evidence of an association of 

greater apathy with high amyloid at the stage of MCI.[62] Longitudinal analyses are 

necessary to test whether SSD corresponding to the Apathy-Anhedonia factor, identified 

here, are associated with cognitive and functional decline and progressive neurodegeneration 

and, thus, whether these symptoms may be useful clinical markers for preclinical AD risk 

assessment in CN older adults.

A large number of studies have explored the factor structure underlying the GDS, in diverse 

cultural and language groups, revealing significant structural variation across populations (as 

reviewed by Kim and colleagues).[63] Here we used PCA as a data reduction method and 

Donovan et al. Page 8

J Alzheimers Dis. Author manuscript; available in PMC 2015 September 25.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



heuristic to explore clusters of SSD in relation to neurodegeneration markers. Our PCA 

results are comparable to those of Adams and colleagues who examined GDS data derived 

from a similar sized sample of independent and assisted-living residents with a mean GDS 

score of 7.5, 26% scoring at or above the depression cutoff of 10, which was used as an 

exclusion criterion in our cohort.[64] Their confirmatory PCA resulted in a five-factor 

structure closely resembling our own. The Dysphoria and Apathy-Anhedonia factors we 

found are equivalent to two factors in their final confirmatory model (defined as “Dysphoric 

Mood” and “Withdrawal-Apathy-Vigor” subscales), while our Anxiety-Concentration 

disturbance factor is analogous to a combination of two other factors they defined as 

“Worry” and “Cognitive Impairment” subscales. The fifth, “Hopelessness” subscale in the 

Adams model consisted of less frequently endorsed, higher acuity GDS items that were 

rarely endorsed by our sample, and therefore were not included in our PCA. Thus our PCA 

results were consistent with those of another well-characterized cohort of community-

dwelling older adults.

There are a number of limitations to our study. Psychiatric history was obtained by self-

report and not by standardized psychiatric assessments; therefore, prior depression history 

may have been underreported. The Harvard Aging Brain Study cohort excluded individuals 

with a history of more severe forms of depression and also excluded those with current GDS 

scores above the mild depression cutoff. As a consequence, the GDS distribution within our 

sample was right skewed with low variability, reducing our power to detect associations and 

effect modification with AD biomarkers that also have a more restricted variance within a 

CN sample. These analyses assumed that GDS measures were stable in the interval of time 

between clinical assessment and imaging studies. Transient, isolated or low-grade GDS 

symptoms, endorsed in the context of daily life stressors may not be pathological nor be 

associated with neurodegeneration. Considering the low burden of depressive symptoms in 

the sample, this may have led to Type II errors, particularly in secondary analyses. Since we 

measured fibrillar cortical amyloid, our findings do not address possible mechanistically 

relevant associations of soluble amyloid with depressive spectrum symptoms.[65] 

Additionally, as a relatively small number of participants were on antidepressant 

medications we were underpowered to assess for a potential mediating effect on the 

association between SSD and AD biomarkers.[65] While restricting the depression history 

and range of GDS scores may have limited both the power and external validity of our 

findings, it allowed us to focus specifically on the neural correlates of low-grade depressive 

symptoms, a pattern of depression that is particularly common and clinically relevant in late 

life. Thus, we plan to undertake future longitudinal analyses of this aging cohort that are 

expected to have greater statistical power to examine the physiology of depressive 

symptoms within the natural history of aging and AD. Further exploration of these 

depression sub-domains may reveal links with psychosocial influences, pathological 

processes and brain network dysfunction that underlie the known association of advancing 

age and increased depression in late-life.

In conclusion, we found that, in CN elderly, SSD relating to dysphoric mood, apathy and 

anhedonia were associated with neurodegenerative markers in the hippocampus and in 

posterior cingulate, temporal and parietal cortical regions. Subtle mood and behavioral 
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symptoms in older adults warrant careful assessment to identify and reduce remediable 

sources of distress and to attend to long-term cognitive health.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. GDS Factors and their Endorsement: the Apathy-Anhedonia Factor, Dysphoria Factor 
and Anxiety-Concentration Factor
Numbers of individuals endorsing GDS items corresponding to the Apathy-Anhedonia 

Factor (unfilled bars), Dysphoria Factor (solid bars) and Anxiety-Concentration Factor (grey 

bars) are shown. Four of the 30 GDS items were not included in the factor analysis due to 

low endorsement (n=0–1) by the sample. In addition, the GDS items pertaining to social 

avoidance (n=16), boredom (n=19), decision-making (n=30) and to subjective memory 

symptoms (n=23) did not load onto any of the 3 factors and were not included in analyses. 

Abbreviation: GDS (Geriatric Depression Scale- 30 item version)
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Figure 2. The relation of GDS to Hippocampal Volume (A) and FDG Metabolism (B)
Multiple regression models with backward elimination were employed. In each model the 

pool of predictors included GDS, age, sex, premorbid intelligence, prior depression, 

antidepressant medication use, amyloid status and the interaction of GDS with amyloid. 

Hippocampal volume was adjusted for intracranial volume. Abbreviation: GDS (Geriatric 

Depression Scale-30 item) FDG (18F-fluorodeoxyglucose)
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Table 1

Baseline Demographic and Clinical Data

N Value Range SD

Age (years) 248 74.0 65, 90 6.1

Sex (% male) 248 40

AMNART IQ 247 120.1 78, 132 10.0

MMSE 248 28.9 25, 30 1.1

Past Depression N, (%) 248 15 (6.1)

Current Depression N, (%) 248 16 (6.5)

Antidepressant medication use N, (%) 248 19 (7.6)

GDS 248 2.8 0,10 2.6

High amyloid status N, (%)(Cortical PiB DVR>1.2) 220 60 (27.3)

Adjusted Hippocampal Volume 248 0 −3413.2, 2372.7 918.6

FDG metabolism 233 1.3087 1.0637, 1.5954 0.1192

Abbreviations: MMSE (Mini-Mental State Examination), AMNART IQ (American National Reading Test score). GDS (Geriatric Depression 
Scale-30 item) FDG (18F-fluorodeoxyglucose) All values represent the mean except as otherwise noted.
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Table 3

Cross-sectional models of GDS Factors in relation to Hippocampal Volume and FDG metabolism in CN older 

adults.

Model 1: Hippocampal Volume F=15.0, df=194, p<0.0001; R2=0.24

Predictor Estimate (β) 95% Confidence Interval for β Standard Error p value

Dysphoria Factor −158.2 −287.2, −29.2 65.4 0.02

Apathy-Anhedonia Factor −117.1 −236.0, 1.7 60.3 0.05

Age −68.3 −87.9, −48.8 9.9 <0.0001

AMNART IQ 12.6 0.6, 24.7 6.1 0.06

Model 2: FDG Metabolism F=9.6, df= 190, p<0.0001; R2= 0.13

Apathy-Anhedonia Factor −0.026 −0.042, −0.009 0.009 0.003

Age −0.005 −0.008, −0.003 0.001 0.0002

AMNART IQ 12.8 0.8, 24.7 0.0009 0.014

In secondary analyses, GDS total score was replaced by the 3 GDS factors in the original pool of predictors subject to backward elimination (p<0.1 
cut-off) for dependent variables Hippocampal Volume and FDG metabolism. Predictors retained in final models are shown. The Anxiety-
Concentration Factor was not retained in either model.

Abbreviations: AMNART IQ (American National Reading Test score) CN (clinically normal) GDS (Geriatric Depression Scale) FDG (18F-
fluorodeoxyglucose)
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