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Abstract

Objective—To examine whether late-life depression, including depressive symptoms and
antidepressant use, was associated with smaller total brain volume, smaller hippocampal volume,
and larger white matter hyperintensity volume in a large community-based cohort of old persons
without dementia.

Methods—Within the Washington/Hamilton Height-Inwood Columbia Aging Project
(WHICAP), a community-based cohort study in northern Manhattan, 630 persons without
dementia (mean age 80 years, SD=5) had volumetric measures of the total brain, hippocampus,
and white matter hyperintensities (WMH) at 1.5Tesla MRI and data on current depression, defined
as a score of 4 or higher on the 10-item CES-D or use of antidepressants.

Results—Multiple linear regression analyses adjusted for age, sex, ethnicity, education,
cardiovascular disease history, and MRI parameters showed that subjects with current depression
had smaller relative total brain volume (B=-0.86%; 95%CI —1.68 to —0.05%; p<0.05), smaller
relative hippocampal volume (B=-0.07 ml; 95%CI —0.14 to 0.00 ml; p=0.05), and larger relative
WMH volume (natural logtransformed B=0.19 ml; 95%CI 0.02 to 0.35 ml; p<0.05). When
examined separately, antidepressant use was significantly associated with smaller total brain,
smaller hippocampal, and larger WMH volume, while high CES-D scores were not significantly
associated with any of the brain measures, although the direction of association was similar as for
antidepressant use.

Discussion—With the caveat that analyses were cross-sectional and we had no formal diagnosis
of depression, our findings suggest that in this community-based sample of old persons without
dementia, late-life depression is associated with more brain atrophy and more white matter lesions,
which was mainly driven by antidepressant use.

Correspondence: Scott A Small, MD, Columbia University, School of Physicians and Surgeons, 630 West 168t Street, PH #19, New
York, NY, 10032, Tel 212 305 1269; sas68@columbia.edu; m.geerlings@umcutrecht.nl.
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INTRODUCTION

At older age, depressive symptoms are common[1] and often persist over years.[2]
Dementia is also common at older age, and may affect 40% of people aged 85 years and
over.[3] It has been estimated that 30-50% of patients with dementia also experience
depression and this co-occurrence of depression and dementia results in more adverse
consequences for both patient and caregivers.[4] A number of studies have shown that
depression, and in particular depression early in life, may also increase the risk of
developing dementia, including Alzheimer’s disease.[5-8] Results with respect to late life
depression are less consistent although the majority of studies report an increased risk of
dementia.[8] Still, the neurobiological substrate of this relation remains poorly understood.
Several explanations have been put forward including depression being an early symptom of
dementia, depression lowering the threshold of detecting dementia, neurodegenerative
pathology causing both depression and dementia, and depression being a true risk factor for
dementia.[9] One of the frequently proposed explanations for depression being a risk factor
for AD is that hippocampal atrophy may occur as a result of hyperactivity of the
hypothalamic-pituitary-adrenal (HPA) axis[10,11] although a number of studies indicate that
this hypothesis is not correct.[12-14] However, late life depressive symptoms may also
increase risk for dementia through its association with cerebral small vessel disease.[15-20]
Compared to the number of studies that reported on the relation between late life depression
and risk of dementia and on the relation between late life depression and cerebral small
vessel disease, relatively few population-based studies examined the relation between late
life depressive symptoms and volume of the hippocampus.[21-23] and these studies did not
find a relation between depressive symptoms and hippocampal volume, although one
prospective study found that depressive symptoms were related to a faster decline in
hippocampal volume.[24]

The aim of this study was to examine the association of late life depression, including
depressive symptoms and antidepressant use, with hippocampal volume, total brain volume,
and white matter hyperintensity volume on MR, in a large community-based cohort of
nondemented persons with a mean age of 80 years, a group particularly at high risk for
developing dementia. We hypothesize that late life depression is associated with smaller
total brain and smaller hippocampal volumes and with larger white matter hyperintensity
volume.

MATERIALS AND METHODS

Subjects

Data were included from 769 individuals participating in a prospective study of aging and
dementia in Medicare-eligible northern Manhattan residents, age 65 years and older
(Washington/Hamilton Heights-In wood Columbia Aging Project: WHICAP). [25] The
population from which participants were drawn comprises individuals from three broadly
defined ethnic categories (i.e., Hispanic, African American, and non-Hispanic White).
Participants have been followed at approximately 18-24-month intervals with similar
assessments at each interval. The imaging project was concurrent with the 2005-2007
follow-up of the WHICAP cohort. Details of the imaging project have been described
previously.[26] In brief, participants were eligible for MRI if they did not meet criteria for
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dementia at the most recent visit before MRI assessment. Recruitment, informed consent
and study procedures were approved by the Institutional Review Boards of Columbia
Presbyterian Medical Center and Columbia University Health Sciences and the New York
State Psychiatric Institute.

At each assessment, participants underwent an in-person interview of general health and
functional ability followed by a semi-structured standardized assessment, including medical
history, physical and neurological examination, and a neuropsychological test battery.[27]
All participants received structured neurologic, medical and functional assessments. The
diagnosis of dementia was based on standard research criteria [28] and was established using
all available information (except the MRI results) gathered from the initial and follow-up
assessments and medical records at a consensus conference. The diagnostic consensus
conference comprises physicians and neuropsychologists, with extensive experience in
diagnosis of dementia. It is typically attended by two neurologists and a neuropsychologist.
The committee reviews all the available functional, medical, neurological, psychiatric, and
neuropsychological data collected during the visit. Data from previous visits and from
neuroimaging are not considered for diagnosis. First, the conference determines whether the
participant meets criteria for dementia, based on DSM-1V criteria [28]. The diagnosis
derived at the consensus conference is based on consistent operational definitions for
dementia and neuropsychological paradigm requirements for cognitive deficit [27]. If a
participant meets criteria for dementia, the putative etiology is determined using published
research criteria.

MRI protocol

Scan acquisition was performed on a 1.5T Philips Intera scanner at Columbia University
Medical Center and transferred electronically to the university of California at Davis for
morphometric analysis in the Imaging of Dementia and Aging Laboratory. For measures of
total brain volume and white matter lesion volume, axial fluid attenuated inverse recovery
(FLAIR) weighted images (TR=11,000 ms, TE=144.0 ms, 2800 inversion time, flip
angle=20, FOV 25 cm, 2 nex, 256x192 matrix with 3 mm slice thickness, no gap, voxel size
1.30x1.6 mm in plane) were acquired. T1-weighted images acquired in the axial plane and
re-sectioned coronally were used to quantify hippocampal volumes (TR=20 ms, TE = 2.1
ms, flip angle=20; FOV 240 cm, 256x160 matrix with 1.3 mm slice thickness, no gap, voxel
size 0.94x1.17 mm in plane).

Brain volume and white matter hyperintensities

Total brain and white matter hyperintensity (WMH) volumes were derived on FLAIR-
weighted images following a two-step process, as previously described.[29] First, an
operator manually traced the dura mater within the cranial vault, including the middle
cranial fossa but not the posterior fossa and cerebellum. Intracranial volume was defined as
the number of voxels contained within the manual tracings, multiplied by voxel dimensions
and slice thickness. These manual tracings also defined the border between brain and non-
brain elements and permitted for the removal of the latter. Nonuniformities in image
intensity were removed [30] and two Gaussian probability functions, representing brain
matter and cerebrospinal fluid (CSF), were fitted to the skull-stripped image.[29,30] WMH
volume was calculated as the sum of voxels greater to or equal to 3.5 SD above the mean
intensity value of the image and multiplied by voxel dimensions and slice thickness.[29-31]
Similarly, total brain volume was the sum of voxels designated as brain volume from the
segmentation process.
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Hippocampus

Boundaries for the hippocampus were manually traced from the coronal 3D-T1 weighted
images after reorientation along the axis of the left hippocampus.[32] The rostral end of the
hippocampus was identified using the sagittal view to distinguish between amygdala and the
head of the hippocampus. In anterior sections, the superior boundary of the hippocampus
was the amygdala. In sections in which the uncus lies ventral to caudal amygdala, the uncus
was included in the hippocampus. In more posterior sections that do not contain amygdala,
the hippocampal (choroid) fissure and the superior portion of the inferior horn of the lateral
ventricle formed the superior boundary. The fimbria were excluded from the superior
boundary of the hippocampus. The inferior boundary of the hippocampus was the white
matter of the parahippocampal gyrus. The lateral boundary was the inferior (temporal) horn
of the lateral ventricle, taking care in posterior sections to exclude the tail of the caudate
nucleus. The posterior boundary of the hippocampus was the first slice in which the fornices
were completely distinct from any gray/white matter of the thalamus. Intra-rater reliability
determined for both right and left hippocampus using this method was good with intraclass
correlation coefficients of 0.98 for right hippocampus and 0.96 for left hippocampus.[32]

Depressive symptoms, antidepressant use, and depression

Current depressive symptoms were assessed with the 10-item version of the Center for
Epidemiologic Studies-Depression (CES-D) scale.[33] The conventional cutoff score of 4 or
higher was used to indicate presence of depressive symptoms.[33] Current use of
antidepressants was assessed during the physician interview. The subject was asked to show
all medication to the interviewer. Current depression was defined as having either depressive
symptoms (CES-D score of 4 or higher) or taking antidepressants.[6,19]

Other variables

Ethnic group was determined by self-report using the format of the 2000 US Census. All
individuals were first asked to report their race (American Indian/Alaska Native, Asian,
Native Hawaiian or other Pacific Islander, Black or African American, or White), then, in a
second question, were asked whether or not they were Hispanic. Other covariates included
the number of years of formal education, the sums core of vascular disease history variables,
and presence of infarcts on MRI. The sums core of vascular disease variables consisted of
self-reported history of diabetes mellitus, hypertension, heart disease, and clinical stroke.
History of heart disease included arrhythmias (eg, a trial fibrillation), coronary artery
disease, and congestive heart failure. Stroke was defined according to the World Health
Organization criteria based on self-report, supplemented by a neurologic examination. These
4 dichotomous variables were summed to create a vascular disease history variable (score
range, 0—4).[32]Infarcts were determined as previously described.[34] Briefly, the presence
or absence of infarct was determined visually on all available imaging modalities based on
lesions that were greater than 3mm in its maximum diameter.

Study sample

Of the 769 participants with MRI data, 49 met diagnostic criteria for dementia at the clinical
evaluation closest to the neuroimaging study. These individuals were excluded from the
current analyses. Of the 720 participants without dementia, data on CES-D score or
antidepressant medication were missing in 90 participants, leaving 630 participants for
analysis. The 90 participants with missing data on depression were not significantly different
on demographics or clinical variables from the 630 participants included in the analyses.
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Data analysis

RESULTS

Multiple linear regression analysis and ANCOVA were performed to estimate the
associations of current depression with total brain volume, hippocampal volume (left, right,
and mean of left and right), and WMH volume (natural log transformed), as dependent
variables. Total brain volume was expressed relative to intracranial volume, as percentage.
Hippocampal and WMH volumes were normalized for intracranial volume and expressed as
ml, by dividing the volumes by intracranial volume and multiplying this by the average
intracranial volume of the study population (1132 ml) to obtain a relative measure in ml. All
analyses were adjusted for age, gender, ethnicity, years of education, cardiovascular disease
history sumscore, WMH volume, and presence of infarcts on MRI where brain volumes
were the dependent variable, and total brain volume instead of WMH where WMH volume
was the dependent variable. We repeated all analyses with CES-D score of 4 or higher and
antidepressant use as separate variables to explore the relative contribution of these variables
in the associations.

Of the total study sample (n=630) 13% had a CES-D score above cutoff and 10% used
antidepressants; 125 persons (20%) had current depression according to our definition of a
high CES-D score or use of antidepressants. The mean CES-D score in those with
depression was 3.7 (SD 2.1) and 0.8 (SD 0.9) in those without depression. Persons with
current depression had the same mean age (80 years) as those without depression (Table 1).

Linear regression analyses showed that compared with persons without depression, those
with depression had a 0.86% (95% CI 0.05 to 1.68%) smaller relative total brain volume
after adjusting for age, gender, ethnicity, years of education, cardiovascular disease history
sumscore, WMH volume, and presence of infarcts on MRI (Table 2, Figure 1). Depression
was also associated with smaller hippocampal volume after adjustments (Table 2, Figure 2).
When we differentiated left and right hippocampus, depression was associated with 0.053
ml smaller left hippocampus (95% CI —0.12 to 0.016 ml) and with 0.081 ml smaller right
hippocampus (95% CI —-0.15 to —0.01 ml). Furthermore, depression was associated with
larger white matter hyperintensity volume (Table 2, Figure 3).

When we analyzed CES-D score and antidepressant use separately, a high CES-D score (4
or higher) or CES-D score per point increase were not associated with total brain volume,
but antidepressant use was associated with smaller relative total brain volume (B = -1.64%;
95% CI —-2.71 to —0.57%; p<0.05) (Table 2, Figure 1). Also, antidepressant use was
associated with smaller relative mean hippocampal volume (B= -0.14 ml; 95% CI -0.23 to
—0.05 ml; p<0.05), left hippocampal volume (B=-0.12 ml; 95% CI -0.21 to —0.03 ml;
p<0.05) and right hippocampal volume (B=-0.15 ml; 95% CI —0.24 to —0.06 ml; p<0.05),
while CES-D score (analyzed as a dichotomous or as a continuous variable) was not (Table
2, Figure 2). Similarly, a high CES-D score (4 or higher vs. <4) or CES-D score per point
increase were not associated with WMH volume, while antidepressant use was significantly
associated with more WMH (Table 2, Figure 3).

DISCUSSION

In a large community-based cohort of elderly people without dementia we observed that
current depression as defined as a high CES-D score or antidepressant use was associated
with more global brain atrophy, more atrophy of the hippocampus and with more white
matter hyperintensities. When examined separately, the associations between current
depression and brain measures was explained by antidepressant use, while CES-D score
itself was not significantly associated with the brain outcomes.
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Our finding of a relation of antidepressant use with smaller brain volumes is inconsistent
with findings from animal studies that suggest that antidepressants increase
neurogenesis[35] although a recent study in old mice showed that fluoxetine did not enhance
hippocampal neurogenesis.[36] An intuitively more likely explanation for our findings is
that antidepressant use was a proxy for depressive symptoms’ severity, and that only more
severe depression is associated with structural brain abnormalities. However, when we
looked at severity of depressive symptoms using the CES-D score as a continuous variable,
we found no association with any of the brain measures, although the direction of
association was the same as for antidepressant use. Also, at older age, antidepressants are
prescribed for other symptoms than depressive symptoms alone, and the association we
observed may not reflect an association with depressive symptoms but with another
psychological or physical complaint. A speculative hypothesis to explain our findings is that
antidepressants were prescribed for elderly with depressive complaints or memory
complaints associated with mild cognitive impairment or preclinical dementia, in the
absence of clinical major depressive disorder. Antidepressants would then not lead to brain
volume loss, but mild cognitive impairment associated with brain volume loss would lead to
memory complaints and depressive symptoms, which may have been an indication for
prescribing antidepressants if elderly presented with these complaints in primary care or
memory clinic. More studies are needed with detailed data on type, dose, duration, and
prescription indication of antidepressants to determine whether or not antidepressants are
detrimental for the brain.

A relatively large number of studies examined the prospective association of late life
depression/depressive symptoms with risk of developing dementia (for reviews see[5,8,9])
and the majority of studies, although not all, confirmed that depression increases the risk of
developing dementia. Studies on early onset depression are less often performed, but these
are more consistent in finding an increased for developing dementia.[8] The underlying
mechanisms by which depression may increase risk for dementia are still not well
understood however. One of the frequently proposed explanations is that prolonged
exposure to glucocorticoids with repeated depressive episodes leads to hippocampal atrophy
and subsequent dementia.[10,37] Although a recent large-scale cohort study found that
higher basal cortisol levels and reduced suppression after dexamethasone were associated
with smaller hippocampal volumes[11], this could not explain the observed relation between
early onset depression and smaller hippocampal volumes in the same cohort.[14] Also,
several cohort studies examining late life depressive symptoms and volume of the
hippocampus did not find a relation between depressive symptoms and hippocampal
volume, [21-23] although one prospective study found that depressive symptoms were
related to a faster decline in hippocampal volume.[24] These studies did not examine
antidepressant use separately however. In the present study, we observed an association of
late life depression with smaller hippocampal volume, but this finding was not specific for
hippocampal volume, because the association was also present for total brain volume.
Morover, when we differentiated between high CES-D scores and antidepressant use, we
also did not find an association between high CES-D scores and hippocampal volumes,
which is consistent with these previous findings. Alternatively, late life depression may
increase risk of dementia through cerebrovascular lesions.[15,18,19,38] The findings of our
study are inconclusive because, similarly to the findings for hippocampal volume,
antidepresant use and not CES-D score itself was associated with more white matter
hyperintensities.

Strengths of this study are the community-based cohort design and the large number of
participants included. Further, we used volumetric assessment of brain measures and WMH
which provides more precise and objective estimates than visual rating scales[39] and we
corrected for the co-occurrence of brain atrophy, WMH and cerebral infarcts.
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A limitation of this study is the cross-sectional design, which does not allow to discern cause
from consequence. Also, although we excluded persons with dementia, because of the old
age of the study sample a proportion may have had preclinical dementia. Another limitation
is that we did not have a DSM-IV diagnosis of major depressive disorder, although we tried
to identify participants with clinically relevant depressive symptoms by including persons
with high symptom scores and those taking antidepressants, irrespective of symptom level.
Another limitation is that data on type, dosage, and duration of antidepressants was not
available.

In conclusion, with the caveat that analyses were cross-sectional and we had no formal
diagnosis of depression, our findings suggest that in this community-based sample of old
persons without dementia, late-life depression is associated with more brain atrophy and
more white matter lesions, which was mainly driven by antidepressant use.
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Figure 1.

Relative total brain volume according to presence of depression, as defined as a high CES-D
score or antidepressant use, CES-D score only, and antidepressant use only. Mean volumes
are adjusted for age, gender, ethnicity, years of education, sumscore of hypertension/
diabetes/heart disease/stroke signs or symptoms, stroke on MRI, and white matter
hyperintensity volume. Error bars represent standard errors.

* indicates statistically significant difference (p<0.05).
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Figure2.

Mean hippocampal volume (mean of left and right hippocampus) according to presence of
depression, as defined as a high CES-D score or antidepressant use, CES-D score only, and
antidepressant use only. Mean volumes are adjusted for age, gender, ethnicity, years of
education, sumscore of hypertension/diabetes/heart disease/stroke signs or symptoms, stroke
on MRI, and white matter hyperintensity volume. Error bars represent standard errors.

* indicates statistically significant difference (p<0.05).

# p=0.05
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Figure 3.

Mean relative white matter hyperintensity volume according to presence of depression, as
defined as a high CES-D score or antidepressant use, CES-D score only, and antidepressant
use only. Mean volumes are adjusted for age, gender, ethnicity, years of education,
sumscore of hypertension/diabetes/heart disease/stroke signs or symptoms, stroke on MRI,
and white matter hyperintensity volume. Error bars represent standard errors.

* indicates statistically significant difference (p<0.05).
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Table 1

Characteristics of study sample (n=630) according to depression status ™

Nodepression Depression Total sample
N=505 N=125 N=630

Age, years (mean + SD) 80+5 80+6 80+5
Female (%) 66 78 68
Ethnicity (%)

White 28 30 29

Black 38 19 34

Hispanic 32 50 36

Other 2 1 2
Years of education (mean + SD) 11+5 10+5 115
Hypertension, % 72 69 71
Diabetes Mellitus, % 24 26 24
Heart disease, % 23 26 23
Stroke signs/symptoms, % 10 14 11
Intracranial volume (ml) 1136 + 125 1113+ 111 1132 +123
Total brain volume (ml) 829 + 96 808 + 84 825 + 94
Total hippocampal volume (ml) 33+0.7 31+0.7 33+0.7

Left hippocampal volume (ml) 16+0.3 15+0.3 16+0.3

Right hippocampal volume (ml) 1.7+04 16+04 16+04
Total white matter hyperintensity volume (ml), median (10-90%) 9 (3 - 30) 11(3-36) 9(3-32)
Infarcts present on MRI 31 34 32
CES-D score (mean + SD) 0.8+0.9 3.7+21 13+1.7
CES-D 4 or higher, % 0 66 13
Antidepressant use, % 0 53 10

*

Depression was defined as a score of 4 or higher on the short version of the CES-D or use of antidepressant medication.

Numbers are presented as mean + SD or %, unless otherwise specified.

Hippocampal volume and white matter hyperintensity volume are presented as absolute volumes.
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