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Objective: This study determined
whether cognitive impairments and struc-
tural brain changes in older depressed
subjects, especially in the hippocampus,
are related to hypercortisolemia.

Method: Sixty-one depressed subjects
over age 60 who met DSM-IV criteria for
major depression and 40 healthy com-
parison subjects underwent structural
magnetic resonance imaging, neuropsy-
chological testing, apolipoprotein E
(APOE) genotyping, and salivary cortisol
assessment (over 3 days) with follow-up 6
months later. Hippocampal volume was
measured by manual segmentation that
was blind to diagnosis. Average area un-
der the curve for salivary cortisol over the
3 days was calculated. Cognitive function
was assessed by using a combined mem-
ory z score.

Results: Depressed subjects showed mul-
tiple impairments in attention, working
memory, visual memory, verbal memory,
new learning, and executive function in re-

lation to comparison subjects. They had
hypercortisolemia (53% increase in area
under the curve) and a reduction in right
hippocampal volume (6% decrease). Hip-
pocampal volume reduction was not asso-
ciated with increased cortisol levels but
was significantly correlated with continu-
ing memory deficits at 6 months. Persist-
ing “mild cognitive impairment” was seen
in 20 (41%) of 49 subjects at 6 months and
was associated with reduced hippocampal
volume but not severity of depression, cor-
tisol levels, or APOE genotype.

Conclusions: Older depressed subjects
have persisting cognitive impairments as-
sociated with hippocampal volume reduc-
tion, but the results do not support corti-
sol-mediated hippocampal neurotoxicity
as the major etiological mechanism. Neu-
ropathological studies are required to in-
vestigate the basis for hippocampal
changes, while follow-up will determine
whether hippocampal atrophy is a risk fac-
tor for cognitive decline.

(Am J Psychiatry 2004; 161:2081-2090)

Major depression remains a common disorder in late
life (prevalence of 3%) associated with substantial morbid-
ity and increased mortality. Cognitive impairments, espe-
cially in attention, learning and memory, and executive
function, are frequent (1-3) and associated with poor out-
come (3, 4), and depression is a risk factor for subsequent
dementia (5). Impairments frequently persist, despite re-
covery from depression (1, 2). The causes and associations
of impaired cognitive function during depression remain
uncertain. An influential hypothesis suggests that hyper-
cortisolemia during depression may be important (6).
Studies in animals and humans, involving both exogenous
steroid administration and conditions such as Cushing’s
syndrome and stress, which raise endogenous levels (7-9),
have shown a relationship between raised cortisol levels
and neuropsychological dysfunction, especially memory
impairment. Both glucocorticoid and mineralocorticoid
steroid receptors are present in high concentrations in the
hippocampus and frontal cortex, and prolonged and raised
cortisol levels can produce neuronal dysfunction with de-
creased glucose uptake, reduced dendritic arborization,
and, ultimately, neuronal death and cell loss in the hippo-
campus in animals (6, 10, 11). It has, therefore, been pro-
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posed that raised cortisol levels during depression might be
associated with cognitive impairments, especially in func-
tions subserved by medial temporal lobe structures, and
that persisting hypercortisolemia might cause hippocam-
pal damage, explaining why impairments persist in de-
pressed subjects, even when affective symptoms have
resolved (6, 11). Older subjects might be particularly sus-
ceptible to this process, since hypercortisolemia in depres-
sion is more common with advancing age (12) and the aged
hippocampus appears especially vulnerable (13).

However, currently there is only limited direct evidence
to support this hypothesis. A relationship between hyper-
cortisolemia and impaired cognition has been described
in some (14), although by no means all (15), studies. Hip-
pocampal atrophy, sometimes unilateral, has been de-
scribed (16-21), but other reports have found no evidence
of atrophy in younger (22) or older (23, 24) subjects with
depression. In a study of middle-aged depressed women,
hippocampal volume reduction was related to total life-
time duration of depression (18), a finding compatible
with cortisol-induced neurotoxicity, although cortisol lev-
els were not measured in that study. Others have found
that hippocampal atrophy is present only after multiple
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depressive episodes (25), although changes in first-epi-
sode patients may occur (20). Genotype may be impor-
tant, since hippocampal changes in depression have been
linked to the apolipoprotein E-4 (APOE4) genotype (26).
Few previous investigators have examined hypothalamic-
pituitary-adrenal (HPA) axis function in relation to these
hippocampal changes, although there may be an age-re-
lated relationship between ventricular enlargement and
hypercortisolemia (27). Axelson and colleagues (28) re-
ported a relationship between lower hippocampal volume
and higher cortisol levels with the dexamethasone sup-
pression test, although overall they found no reduction in
hippocampal volume in their depressed subjects.

Because of these inconsistencies in the literature, we
performed a longitudinal study to test the hypothesis that
hippocampal volume reduction occurred in older subjects
with depression, with volume reduction that would be re-
lated to hypercortisolemia during depression and persist-
ing cognitive impairments at follow-up.

Method

Subjects

Sixty-one subjects ages 60 and over who fulfilled DSM-1V crite-
ria for major depression (and scored 20 or more on the Montgom-
ery-Asberg Depression Rating Scale [29]) were recruited from
clinical old-age general psychiatry services covering geographi-
cally based catchment areas and included referrals from day hos-
pitals, inpatient units, and outpatient clinics. A comparison
group (N=40) of similar-aged older people (also all over 60 years
of age) with no past history of depression or current depression
(Montgomery-Asberg Depression Rating Scale score of less than
8) were recruited from community sources such as the Royal Brit-
ish Legion and from the spouses of patients attending the same
hospital units. Both subjects and comparison subjects with a his-
tory of prior cognitive impairment, history or evidence of stroke
or transient ischemic attack, severe or unstable physical illness
(e.g., insulin-dependent diabetes mellitus, untreated hypothy-
roidism, uncontrolled heart failure, cancer), or a cognitive section
of the Cambridge Examination for Mental Disorders of the Elderly
(30) score of <75 (<80 for comparison subjects) were excluded
from the study. The cognitive section of the Cambridge Examina-
tion for Mental Disorders of the Elderly is an extended cognitive
screen (maximum score=107) that includes all of the items within
the 30-point Mini-Mental State Examination (MMSE). Other ex-
clusion criteria were history or current evidence of substance/al-
cohol abuse; long-term use (>2 months) of steroids at any point
during lifetime; any use within the last 3 months of steroid or
other medication thought to interfere with the HPA axis; ECT in
last 3 months; use of medication that might significantly affect
cognition (for example, use of benzodiazepines except short-act-
ing ones, such as hypnotics, antipsychotics, sedative tricyclic an-
tidepressants, or anticholinergic medication); or the presence of
other neurological diagnosis. Use of newer antidepressants (e.g.,
selective serotonin reuptake inhibitors [SSRIs] and venlafaxine)
and lithium was permitted. Fifty-one subjects were taking antide-
pressants at the time of testing, seven were taking lithium, and 19
had a past history of treatment with ECT (although they had had
none in the last 3 months). The study was approved by the local
ethics committee, and all patients and comparison subjects gave
written informed consent to participate.
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Assessment

Depressed subjects underwent a comprehensive psychiatric
assessment, including a history, a mental status workup, a cogni-
tive screen (cognitive section of the Cambridge Examination for
Mental Disorders of the Elderly), and a physical examination.
Subsequent investigations involved screening blood tests, includ-
ing thyroid function, By, and folate levels. Comprehensive demo-
graphic information was collected from all subjects and included
past and current medical and psychiatric histories, including
detailed analysis of medication taken, family history, education,
and social class. For each episode of depression, case notes were
searched and/or general practitioner records accessed, along
with detailed patient and informant accounts to determine the
number of previous episodes, age at onset, and the total lifetime
duration of depression. Rating scales administered included the
Montgomery-Asberg Depression Rating Scale and the cognitive
section of the Cambridge Examination for Mental Disorders of
the Elderly and a neuropsychological battery to be detailed. A 10-
ml venous blood sample was taken for genotyping.

Neuropsychological Assessment

The test battery was primarily designed to test attention, mem-
ory, and executive function and included both traditional pen-
and-paper and computerized tasks (31, 32). Tests administered
were as follows:

1. A computerized continuous performance task (VIGIL) (33).
Errors of commission and omission and response latency
were recorded. This is primarily an attentional task.

2. The FAS verbal fluency test, a task sensitive to frontal lobe
impairment.

3. Difference in performance between the Trail Making A and B
tasks, a measure of executive function.

4. Forward and reverse digit span. This task assesses attention
and working memory.

5. Rey Auditory Verbal Learning Test. This is a test of immedi-
ate and delayed verbal memory and of learning.

6. Rey Visual Design Learning Test. This is a test of nonverbal
memory.

7. Memory tests from the Cambridge Automated Neuropsycho-
logical Test Battery (CeNeS Ltd., Cambridge, U.K.) (32). This is
anonverbal battery (using abstract designs) that is automated
in delivery, operates by using a touch-sensitive screen, and
has been used in a number of previous studies of neuropsy-
chiatric disorders (34-36), including in younger (37) and older
(1, 2) subjects with depression. In the pattern recognition
task, the subject has to recognize a series of 24 patterns; in
spatial recognition, the subject has to recognize the position
of a series of 20 squares; and in delayed matching to sample,
the subject has to pick out a previously shown shape from
three distracters after a delay ranging from 0 to 12 seconds.

8. Cambridge Automated Neuropsychological Test Battery
spatial memory span task.

9. The Cambridge Automated Neuropsychological Test Battery
spatial working memory test in which subjects search a
number of boxes on a screen for hidden tokens. This task
tests spatial working memory and also the need for a search
strategy and thus central executive function.

10. The Cambridge Automated Neuropsychological Test Battery
Tower of London (Stockings of Cambridge) task. Subjects are
presented with three “pockets” that can hold one, two, and
three colored balls, respectively, and have to match one set
with another by moving balls one at a time. This task has an
attentional component but focuses on information manipu-
lation and planning; thus it tests executive function and has
been shown to activate the dorsolateral prefrontal cortex.
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Salivary Cortisol Analysis

Assessment of cortisol levels was undertaken by using salivary
samples collected by using Salivettes (Sarstedt, Niimbrecht, Ger-
many). A Salivette consists of a plastic tube with a wool plug on
which the subject chews to produce saliva. Samples were col-
lected at four time points (8:00 a.m., 12:00 noon, 4:00 p.m., 8:00
p-m.) over 3 consecutive days in an attempt to obtain a compre-
hensive measure of cortisol production. For inpatients, samples
were not taken within 1 week of admission, and for day- and out-
patients, samples were taken in the subjects’ natural environ-
ment (i.e., at home). The Salivette tubes were centrifuged and the
samples stored at —20°C until assayed. Salivary cortisol was mea-
sured by using an 1'?® disequilibrium assay, the radioactive corti-
sol for which was supplied by Amersham Health, Amersham,
U.K,, and the primary antibody Ab1002 and the solid phase anti-
rabbit serum by IDS, Tyne and Wear, U.K. The intra- and interas-
say coefficients of variation for 7.0, 47, and 87 nmol/liter cortisol
samples were 13.0% and 14.6%, 10.7% and 9.8%, and 9.4% and
10.2%, respectively. Average area under the curve for the 3 days
was calculated.

Genotyping

APOE genotypes were analyzed by using polymerase chain
reaction (38).

Magnetic Resonance Imaging (MRI) Scanning Protocol

MRI scans were undertaken by using a 1.0 Tesla Siemens Mag-
netom Impact Expert System (Siemens Medical, Erlangen, Ger-
many). Whole brain T;-weighted three-dimensional MPRAGE
(magnetization prepared rapid-acquisition gradient echo) turbo
flash data sets were acquired in the sagittal plane (TR=11.4 msec,
TE=4.4 msec, TI=400 msec, flip angle=15°, matrix=256x256, slice
thickness=1 mm, cubic voxels of 1 mm). The images acquired thus
consisted of truly isotropic voxels of 1x1x1 mm. The sequences
were chosen to give good gray-white matter contrast.

MRI Analysis

Images were transferred to a Sun Ultra 10 work station (Sun Mi-
crosystems, Mountain View, Calif.) running Solaris 2.7 and ana-
lyzed by a single operator (who was blind to diagnosis) using the
commercially available software package AnalyzeAVW-3.0 (Ana-
lyzeDirect.com, Lenexa, Kan.; Mayo Foundation Biomedical Im-
aging Resource, Rochester, Minn.). Images were reoriented along
the long axis of the hippocampus to ensure consistent slicing of
the hippocampus normal to its long axis in coronal sections. Hip-
pocampal volume was assessed by using a region-of-interest ap-
proach with manual segmentation by use of a mouse. All identifi-
cation of anatomical structures was carried out with reference to
standard neuroanatomical and neuroradiological atlases and
specific anatomical reviews (39, 40). Hippocampal boundaries
were based on previous descriptions (41). The anterior limit was
taken as the first slice in which the head of the hippocampus was
visible. The alveus was used to aid demarcation of hippocampal
gray matter from that of the amygdala (which is superior and an-
terior to it). The posterior limit was the slice on which the fornix
was visible in its longest length. The superior boundary was de-
fined by the choroid fissure, the medial boundary by CSF; the lat-
eral boundary was the parahippocampal gyrus (for the head), the
temporal horn of the lateral ventricle (for the body), the fornix (for
the tail), and the inferior boundary by the subiculum (which was
included in the measurement). A full protocol is available upon
request from the first author. Whole brain volume was calculated
by using the ANALYSE method, which uses a seed-growing
thresholding approach with dilations and erosions. Final ren-
dered brain volumes were compared with original scans for each
subject to check accuracy. To assess intrarater reliability, repeat
measurements were performed on 10 randomly selected scans on
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two occasions. Reliability for the volume of the segmented whole
brain was excellent, with an intraclass correlation coefficient of
0=0.99, and was very good for hippocampal volume (left hippo-
campus, a=0.97; right hippocampus, 0=0.99).

Follow-Up

Depressed subjects and comparison subjects were reassessed
at 6 months, with a repeat psychiatric assessment, administration
of ratings scales, a neuropsychological assessment, and salivary
cortisol tests.

For the purposes of analysis, depressed patients were consid-
ered fully recovered if they no longer met DSM-IV criteria for ma-
jor depression and their Montgomery-Asberg Depression Rating
Scale scores were <8.

Statistical Analysis

Data were analyzed with SPSS version 10 (SPSS, Chicago). Dif-
ferences between groups were assessed by using independent t
tests or analysis of covariance when covariates (e.g., age) were in-
cluded. Paired t tests were used to investigate differences over
time within groups. To deal with the potential problem of mul-
tiple comparisons (particularly when investigating correlations
between cognitive test results), hippocampal volume, cortisol
level, and cognitive tests involving memory were combined into a
single z score. For the five tests chosen to reflect memory/hippo-
campal function (the Rey Auditory Verbal Learning Test, the Rey
Visual Design Learning Test, pattern recognition, spatial recogni-
tion, delayed matching to sample), the mean for the comparison
subjects at that particular time point (baseline or the 6-month
test) was subtracted from the raw score for each subject, and the
result was divided by the comparison’s standard deviation. This
created z scores for the comparison subjects (mean=0, SD=1) for
each of the five tasks; performance of the depressed patients was
measured relative to this. The five memory z scores were then
summed to create an overall memory z score (zMem), which was
used as the primary variable for correlational analysis. zMem
scores were calculated for memory at both baseline and 6 months.
Bivariate correlations were undertaken using Pearson’s r, with
partial correlations in some cases for age adjustment. Linear re-
gression was used to investigate the predictors of continued cog-
nitive impairment at 6 months in depressed subjects. The signifi-
cance level was set at p<0.05.

Results

Subject Characteristics

The demographic characteristics are shown in Table 1.
Groups did not differ in age, sex, social class, or education.
There was no difference between groups in terms of clini-
cal vascular risk factors. Depressed subjects scored signif-
icantly lower on the MMSE and the cognitive section of
the Cambridge Examination for Mental Disorders of the
Elderly in relation to the comparison subjects and, as ex-
pected, had significantly higher depression scores. Of the
61 depressed subjects, 34 (56%) had a late onset (after age
60) of depression, two were bipolar (currently depressed),
34 (56%) had a melancholic subtype of depression, and 12
(20%) had psychotic features. There was no difference in
the proportion of subjects with APOE4 genotypes between
comparison subjects (35%) and depressed subjects (27%)
(%%=0.65, df=1, p=0.42). At baseline, 51 of the 61 subjects
consented to and successfully underwent MRI, 39 con-
sented to and underwent salivary cortisol estimation, and
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TABLE 1. Demographic Characteristics of Depressed Subjects Over Age 60 and Healthy Comparison Subjects

Depressed Subjects

Healthy Comparison Subjects

Characteristic (N=61) (N=40) Analysis
Mean SD Mean SD t df p?
Age (years) 73.9 6.7 73.3 6.7 —0.47 99 n.s.
Education (years) 9.6 2.2 10.4 2.1 1.88 98 n.s.
Score on the cognitive section of the Cambridge
Examination for Mental Disorders of the Elderly 88.2 7.7 96.9 4.8 6.32 98 <0.001
Mini-Mental State Examination score 26.5 2.4 27.8 1.9 2.93 98 <0.01
Montgomery—f\sberg Depression Rating Scale
score 30.7 71 2.2 2.1 -24.76 98 <0.001
Duration of current episode (weeks) 219 31.7
Number of previous episodes 2.2 2.7
Whole brain volume (cm?3) 963 97 968 83 0.32 88 0.75
Hippocampal volume (cm3)P
Right
Raw 2.83 0.48 3.00 0.41 1.82 88 0.07
Normalized x 10,000 29.3 39 31.0 3.2 2.14 <0.04
Left
Raw 2.72 0.42 2.82 0.42 -1.07 88 0.29
Normalized x 10,700 28.3 3.5 29.0 3.2 0.97 38 0.23
N N a df p
Sex 0.19 1 n.s.
Women 48 30
Men 13 10
Social class® 4.50 1 n.s.
1 2 3
2 12 11
3 10 9
4 27 15
5 8 2
Vascular risk factors
Smoking 9 15 3 8 0.34 1 n.s.
Hypertension 18 30 17 43 1.80 1 n.s.
Previous myocardial infarction 13 21 5 13 1.28 1 n.s.
Angina/peripheral vascular disease 20 33 9 23 1.25 1 n.s.
Diabetes 5 8 3 8 1.54 1 n.s.

2 Based on independent t tests.
b Hippocampal volumes normalized to whole brain volume.

¢ Based on U.K. Office for National Statistics (www.statistics.gov.uk) occupational classification: 1=professional, 2=intermediate, 3=skilled, 4=

semiskilled, and 5=unskilled.

37 consented to and successfully completed the full neuro-
psychological battery (27 successfully completed all proce-
dures). All 40 comparison subjects completed the neuro-
psychological battery; one could not tolerate MRI and
salivary cortisol sampling (39 successfully completed all
procedures). At 6 months, 49 depressed subjects (80%) were
reassessed (12 declined to participate). Of these, all com-
pleted salivary cortisol measurement, and 48 completed
the neuropsychological battery. No subject underwent re-
peat cognitive testing within 3 months of the last ECT. All 40
comparison subjects completed the 6-month cognitive
testing, and 39 had salivary cortisol measurement.

At the follow-up, mean scores on the cognitive section of
the Cambridge Examination for Mental Disorders of the
Elderly were 98.7 (SD=3.5) for the comparison subjects and
90.6 (SD=7.9) for the depressed subjects; MMSE scores
were 28.4 (SD=1.7) for the comparison subjects and 26.7
(SD=2.7) for the depressed subjects; Montgomery-Asberg
Depression Rating Scale scores were 2.3 (SD=2.9) for the
comparison subjects and 11.7 (SD=10.9) for the depressed
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subjects. There was a significant improvement in Mont-
gomery-Asberg Depression Rating Scale scores in the de-
pressed group between baseline and 6 months (t=10.1, df=
48, p<0.0001) and significant improvements for both com-
parison subjects and depressed subjects for scores on the
cognitive section of the Cambridge Examination for Men-
tal Disorders of the Elderly (comparison subjects: t=—3.27,
df=39, p<0.01; depressed subjects: t=—2.34, df=48, p<0.05)
but not on the MMSE. At 6 months, 26 depressed subjects
were in remission (and all had Montgomery-Asberg De-
pression Rating Scale scores <8), 11 still fulfilled criteria for
major depression, and the remainder had significant resid-
ual depressive symptoms (Montgomery-Asberg Depres-
sion Rating Scale scores >8) but did not fulfill criteria for
major depression.

Salivary Cortisol Levels

Salivary cortisol levels for each time point and for the
mean area under the curve are presented in Table 2. As
shown, the levels were increased at baseline in depressed
subjects in relation to comparison subjects, with the mean
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TABLE 2. Salivary Cortisol Measures of Depressed Subjects Over Age 60 and Healthy Comparison Subjects

Cortisol Level (nmol/liter)

Depressed Subjects

Healthy Comparison Subjects

(N=61) (N=40) Analysis
Time Mean SD Mean SD t df p
Baseline
8:00 a.m. 23.5 11.2 19.5 7.5 -1.88 78 0.06
12:00 noon 12.8 8.1 6.6 2.3 —4.58 78 <0.001
4:00 p.m. 8.3 5.1 59 2.6 -2.59 78 <0.02
8:00 p.m. 7.6 11.1 3.5 2.1 -2.25 78 <0.03
Area under the curve 147 68 96 28 -4.29 78 <0.0001
6 months
8:00 a.m. 20.4 13.4 22.8 12.4 0.89 92 0.38
12:00 noon 9.3 6.1 8.1 6.1 -0.88 92 0.38
4:00 p.m. 6.9 4.3 6.9 4.8 0.01 92 0.99
8:00 p.m. 5.4 4.7 4.4 3.2 -1.18 92 0.24
Area under the curve 117 59 115 65 -0.22 91 0.84

area under the curve increased by 53% (t=-4.29, df=78,
p<0.0001). At 6 months, cortisol levels were not signifi-
cantly different between groups at any time point, and ar-
eas under the curve were similar.

Neuropsychological Testing

Results of cognitive testing are shown in Table 3. As can
be seen, depressed subjects showed a broad range of cog-
nitive deficits, with impairments on most tasks in relation
to comparison subjects. They had significant deficits on
the VIGIL continuous performance task, verbal fluency,
the Rey Auditory Verbal Learning Test, digit span back-
ward (but not forward), the Rey Visual Design Learning
Test, the Trail Making tests, pattern and spatial recogni-
tion, spatial span, spatial working memory, and the Tower
of London. They were also significantly slowed, with la-
tencies on all tasks significantly longer than those of com-
parison subjects. At 6 months, the comparison subjects
showed significant (although numerically small) improve-
ments in some tasks, presumably reflecting a combination
of learning effects and task familiarity. Depressed subjects
also showed improvements in some tasks, although they
only improved in four tasks in relation to six for comparison
subjects. The striking observation was that despite substan-
tial improvements in depression ratings, depressed sub-
jects remained impaired on almost all tasks in relation to
comparison subjects. Although depressed subjects had
significantly improved (mean Montgomery-Asberg De-
pression Rating Scale score=11.7), and hypercortisolemia
had reversed, it was still possible that results were con-
founded by the inclusion of ill or only partially recovered
subjects. As such, results are also shown separately for the
26 subjects who were in remission (Montgomery-Asberg
Depression Rating Scale score <8 points) as well as for all
subjects. As shown, analysis of the fully remitted group re-
vealed exactly the same profile of results as for the whole
sample.

MRI Analysis

Results are presented in Table 1. There were no signifi-
cant differences in whole brain volume between de-
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pressed subjects and comparison subjects. Hippocampal
volumes were normalized to whole brain volumes to ac-
count for premorbid differences in brain size (normalized
volume=hippocampal volume/whole brain volume x
10,000). Normalized right hippocampal volume was sig-
nificantly reduced in depressed subjects in relation to
comparison subjects (t=2.14, df=88, p<0.04), although dif-
ferences for the left hippocampus were not significant (t=
0.97, df=88, p=0.23) (Table 1). Groups were of similar age,
and covarying for age did not alter the results.

Correlations Within Depressed Subjects

Within the depressed subjects, there was a significant
correlation between advancing age and area-under-the-
curve cortisol levels (r=0.43, p<0.01), but there were no sig-
nificant correlations between hippocampal volume and
area-under-the-curve cortisol levels at baseline (left
hippocampus: r=0.01, p=0.70; right hippocampus: r=—
0.04, p=0.80) or any correlations with individual cortisol
measures (8:00 a.m., 12:00 noon, 4:00 p.m., 8:00 p.m.) or
with the number of previous depressive episodes or total
lifetime duration of depression (r<0.20, p>0.40). There was
no significant correlation between area-under-the-curve
cortisol and zMem score at baseline (r=—0.12, p=0.56) or 6
months (r=-0.23, p=0.24) or between zMem score at base-
line and hippocampal volume (left hippocampus: r=0.02,
p=0.94; right hippocampus: r=0.01, p=0.98). However,
there was a significant correlation between zMem score at
6 months and hippocampal volume (left hippocampus: r=
0.40, p<0.01; right hippocampus: r=0.44, p<0.005), indicat-
ing that memory impairments at recovery but not at base-
line were associated with reduced hippocampal volume
(Figure 1). In a secondary exploratory analysis, to confirm
that important associations were not being missed, the
five individual memory tests at baseline and at 6 months
were correlated with area-under-the-curve cortisol. No
significant correlations were seen. To clarify the relation-
ship between variables of interest and cognitive deficits,
regression analysis was performed for depressed subjects
with zMem at 6 months as the dependent variable and
age, hippocampal volume (right), area-under-the-curve
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TABLE 3. Results of Neuropsychological Testing of Depressed Subjects Over Age 60 and 40 Healthy Comparison Subjects at

Baseline and 6 Months

Healthy Comparison Subjects (N=40)

. Fully Recovered
Depressed Subjects (N=61)

Subjects
Baseline 6 Months Baseline 6 Months at 6 Months?

Measure Mean SD  Mean SD pP Mean SD Mean SD pbP Mean SD
Verbal fluency 40.1 115 431 129 0.007 30.1%%*% 115 31.8%** 127 0.55 34.4* 14.6
Trail Making A and B 83 49 76 37 0.26 199%** 116 140%** 126 <0.02 140* 107
Digits forward 8 3 8 2 0.76 7.2 2.1 7.4 1.8 0.85 7.3 1.8
Digits backward 6.8 1.9 7.7 22 0.002 i 2 6.0%** 2.1 0.09 6.2%* 2.1
Rey Auditory Verbal

Learning Test

Total 44.5 8.2 47.6 8.0 0.001 34 1%** 9.2 37.1%*%  11.0 0.001 394 12.5%*

Delayed 9.1 2.6 9.8 29 <0.02 5.8%** 3.3 6.7%%* 3.9 0.001 7.2%% 4.3
Rey Visual Design Learning

Test 30 8 30.1  10.0 0.49 18%** 8 17.3%%* 8.5 0.37 16.2%%* 9.3
VIGIL

Omissions 2.2 3.4 2.8 6.0 <0.03 16.7%* 25.5 11.0%* 17.6 <0.06 11.8*% 20.1

Latency (milliseconds) 457 42 455 43 0.76 506** 70 505%** 53 0.22 492%* 49
Pattern recognition

Accuracy 20.2 2.4 21.0 2.3 <0.07 18.3%* 2.8 18.4%%* 3.3 0.18 18%**

Latency (seconds) 2.5 0.7 2.5 0.5 0.56 3.9%* 1.8 33%*% 13 043 3.2%%* 1.1
Spatial recognition

Accuracy 15.0 2.7 15.9 2.4 <0.10 13.3*%* 2.5 13.9%** 2.3 <0.04 13.6%** 2.2

Latency (seconds) 2.7 0.9 25 0.6 <0.06 3.7%** 1.9 3.8%*%* 1.8 0.73 4.0%** 1.9
Delayed matching to sample

Accuracy, all trials 31 4 321 3.7 <0.03 29.2 5.4 29.4% 5.8 0.92 29.2% 7.3

Latency 3.8 1.7 3.8 0.9 0.26 5.2%% 2.2 4. 7%%* 1.4 0.82 4.6%* 1.3
Spatial span 5.0 0.8 5.1 1.0 0.49 4.3%* 1.0 4 3%F* 1.2 0.71 4.4%* 0.9
Spatial working memory

(between-search errors, all

sets) 46.0 173 46.0 16 0.99 55.4% 16.4 60.4*** 196 0.67 63.5%*%* 18.9
Tower of London (problems

solved in minimum moves) 7.5 1.8 8.1 19 0.12 6.3* 1.9 7.0% 1.8 <0.07 6.6%* 1.8
zMem score© -0.02 31 019 3.7 —4 4F** 4.0 —5.1%** 4.5 —5.3%** 5.2

aSubjects did not meet DSM-IV criteria for any current affective disorder and had Montgomery-Asberg Depression Rating Scale scores <8.
b Independent t tests comparing depressed subjects with performance of comparison subjects at the relevant time point.
€ A z score of the five memory tasks (see text) based on performance of comparison subjects at the relevant time point.

*p<0.05. **p<0.01.  ***p<0.001.

cortisol, and current Montgomery-Asberg Depression Rat-
ing Scale score as the independent variables. Only hippo-
campal volume was a significant predictor of zMem (=
0.415, t=3.51, df=40, p=0.001), explaining about 17% of the
variance in memory performance at 6 months.

Persisting Mild Cognitive Impairments

To facilitate comparison with studies of nondepressed
subjects, subjects at 6 months were categorized as to
whether they had “mild cognitive impairment” according
to the widely accepted definition of Petersen and col-
leagues (42) by using a Rey Auditory Verbal Learning Test
score less than 1.5 standard deviations below that for the
comparison subjects. Applying this cutoff identified 20
(41%) of 49 depressed subjects at 6 months as having mild
cognitive impairment. Patients with mild cognitive im-
pairment were older than cognitively normal depressed
subjects (age: mean=77.2 years, SD=6.3, versus mean=
71.7, SD=6.1) (t=—0.38, df=49, p<0.05), but the level of de-
pressive symptoms was equivalent (Montgomery-Asberg
Depression Rating Scale score: mean=11.3, SD=9.9, versus
mean=11.3, SD=11.1) (t=0.37, df=48, p=0.98). Hippocam-
pal volume was reduced bilaterally in cases of mild cogni-
tive impairment (left hippocampus: mean=26.8 cm3, SD=
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3.9, versus mean=29.6 cm?, SD=2.8; t=2.74, df=43, p<0.01)
(right hippocampus: mean=27.1 cm3, SD=4.0, versus
mean=31.0 cm3, SD=3.2; t=3.67, df=43, p<0.001). Repeat
analysis covarying for age showed that significant differ-
ences remained for the right hippocampus (F=7.2, df=2,
45, p<0.01), with a near-significant difference for the left
hippocampus (F=5.01, df=2, 45, p=0.15). There were no
differences between patients with mild cognitive impair-
ment and patients without mild cognitive impairment in
the proportion of APOE4 alleles, and depressed subjects
with and without APOE4 did not differ in hippocampal
volume (t=-1.05, df=41, p>0.20).

Discussion

The main results of this study were that 1) in relation to
similar-aged comparison subjects, older depressed sub-
jects had multiple cognitive deficits in attention, learning
and memory, and executive function; 2) deficits persisted
at 6 months, even in subjects who were in full remission
from illness, with 41% fulfilling criteria for mild cognitive
impairment; 3) depressed subjects exhibited hypercorti-
solemia during depression, as demonstrated by raised sal-
ivary cortisol levels, with values returning to normal by 6
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months; 4) depressed subjects had significant volume re-
duction of the right hippocampus on MRI; 5) continuing
deficits in memory were associated with bilateral hippo-
campal volume reduction, not cortisol levels, APOE geno-
type, or current level of depressive symptoms.

Our first hypothesis—that depressed subjects would
have reduction in hippocampal volume on MRI—was con-
firmed for the right hippocampus. Hippocampal volume
reduction has been found in previous studies in younger
and older depressed patients (16, 19-21, 25, 43, 44), al-
though negative results have also been reported (22, 45—
47). Unilateral change has also been reported in many of
these studies. Intriguingly, studies of younger subjects
tend to find preferential involvement of the left hippo-
campus (19, 44, 48), while studies of older subjects, in
keeping with our results, find more involvement of the
right hippocampus (16, 21). Unilateral changes would
tend not to support the glucocorticoid toxicity hypothesis,
since there would be no good reason why a systemic toxic
process would cause unilateral brain damage. Right hip-
pocampal volume is larger than left and so potentially may
be more susceptible to age-related atrophy, although a
more likely explanation may be that changes are indeed
bilateral but studies may lack the power to demonstrate
bilateral changes. In support, most studies, including this
one, that find unilateral changes find reductions, but to a
lesser degree, on the other side. The finding of hippocam-
pal atrophy in depression receives some support from a
recent neuropathological study that, while not finding
neuronal loss, did find increased cell packing, consistent
with loss of neuronal processes (49).

As expected, we found clear evidence of increased corti-
sol production (53%) in depressed subjects in relation to
comparison subjects, with levels returning to comparison
values by 6 months, paralleling the substantial improve-
ment in depression. Despite reversal of hypercortisolemia
and improvement in depression, significant impairments
in multiple cognitive domains persisted at 6 months. The
possibility that such impairments were the result of resid-
ual depressive symptoms was refuted by finding that re-
sults were essentially unchanged when only fully remitted
subjects were examined (Table 3). Previous studies have
emphasized the broad nature of cognitive impairments in
depression, and impairments on the same or similar tasks
to those included here have been described by many oth-
ers (1-3, 50-52). Although most of our subjects were taking
medication, we do not think that medication effects ac-
counted for these deficits for several reasons. First, pre-
scriptions for tricyclic antidepressants and sedative benzo-
diazepines were exclusion criteria; in comparison, SSRIs
have few adverse effects on cognition (53). Second, the re-
lationship between impairments and structural brain
changes would not support drug-induced impairments.
Third, a study of entirely drug-free depressed subjects re-
ported an almost identical profile of neuropsychological
impairment to that found here (54).
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FIGURE 1. Scatterplot of Normalized Right Hippocampal
Volume (x100) Against Combined Memory z Score for
Depressed Subjects Over Age 60 at 6 Months?
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Most authors find some cognitive improvement on re-
covery from depression, although impairments persist in
many domains (1, 2, 51, 55). Few previous studies have re-
tested comparison subjects to account for learning effects.
The current investigation did, and we found surprising
improvements in many tests of comparison subjects.
These not only were in a greater number of tests than for
depressed subjects but made the lack of improvement in
cognition after improvement in depression all the more
striking. In patients, deficits remained in attention, execu-
tive function, working memory, verbal and visual memory,
new learning, and speed of response. Our main aim was to
investigate the correlates of this continued impairment,
with the hypothesis that impairments in learning and
memory would be associated with hypercortisolemia dur-
ing depression and with hippocampal volume reduction.
We did find a significant association between hippocam-
pal volume and persisting impairments, whether exam-
ined as a continuous measure (Figure 1) or by dividing
subjects into those with and without mild cognitive im-
pairment. In both cases, the relationship remained after
adjustment for age. Hippocampal volume reduction has
also been described in nondepressed subjects with mild
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cognitive impairment and may predict cognitive decline
(41, 56). However, psychiatric illnesses, such as depres-
sion, have to date excluded subjects from the label of mild
cognitive impairment (42). We found that 41% of de-
pressed subjects at 6 months fulfilled criteria for mild cog-
nitive impairment, which appeared to be associated with
hippocampal volume reduction, not residual depressive
symptoms. It will be important to undertake longer-term
follow-up of depressed patients with mild cognitive im-
pairment described here to determine whether persisting
impairments and/or hippocampal volume reduction pre-
dicts subsequent dementia. In a prospective study, Stef-
fens and colleagues (57) found that left hippocampal vol-
ume reduction was associated with subsequent cognitive
decline in older subjects with depression. Further similar
studies will enable outcome of depressed patients with im-
pairments to be compared with those with amnestic im-
pairments in the absence of depression, who are known to
be at a higher risk of cognitive decline and dementia (42).

Contrary to our second hypothesis, we did not find evi-
dence of a relationship between raised cortisol levels dur-
ing depression (or at recovery) and cognitive performance
or hippocampal volume reduction. Our results, therefore,
did not provide support for the glucocorticoid toxicity hy-
pothesis of hippocampal damage in depression. Despite
the studies cited describing hippocampal volume reduc-
tion in depression, there has not been a clear demonstra-
tion that this relationship is mediated by glucocorticoids.
Moreover, cognitive deficits in depression have been well
described, even in first-episode patients (18, 25) who
might be expected to have had relatively low exposure to
raised glucocorticoids compared with those with multiple
episodes. Hippocampal volume reductions have been de-
scribed in many psychiatric disorders, including demen-
tia, schizophrenia (58), and posttraumatic stress disorder
(59). It is unlikely that glucocorticoid toxicity underlies
such changes in all disorders. In addition, in other studies,
hippocampal atrophy was found to be associated with late
age at onset and APOE4 genotype (16, 26, 57), suggesting
that mechanisms other than raised cortisol levels might be
important. Although we found no relation with APOE4
genotype, the absence of a relationship between hippo-
campal volume and either cortisol levels, number of previ-
ous depressive episodes, or lifetime duration of depres-
sion argues against cortisol toxicity.

There are a number of possible reasons for our negative
findings. The limitations of our study include a relatively
modest-sized and heterogeneous study group, as any sub-
type-specific correlations (for example, with psychotic or
melancholic type) might have been diluted by the inclu-
sion of other subjects. Our cortisol assessment, although
rigorous, may not have accurately reflected total gluco-
corticoid exposure over a lifetime, which may be the real
variable of importance. Individuals may vary in their sus-
ceptibility to raised cortisol levels, with such differences
masked by the use of mean values for analysis. There may

2088 http.//ajp.psychiatryonline.org

be other steroids that are important but were not assessed
in this study, for example, dehydroepiandrosterone
(DHEA). Age-related decrements in the hippocampal glu-
cocorticoid receptors occur, and it may be that such
changes are adaptive, actually protecting the aging hippo-
campus against glucocorticoid toxicity (13). Finally, it may
be that older subjects with depression differ from those at
other ages. For example, the role of vascular factors in the
etiology of late-onset depression has recently been recog-
nized (60, 61), while the increasing importance of vascular
factors and cerebrovascular disease in underpinning cog-
nitive impairments in a variety of disorders is recognized
within the term “vascular cognitive impairment” (62). It
may be that vascular factors, rather than raised cortisol
levels, may underpin structural brain changes and endur-
ing cognitive impairments. However, in the current study,
we found no differences between groups in the presence
of established vascular risk factors, such as diabetes,
smoking, and hypertension, although it remains possible
that, as demonstrated in autopsy studies, depressed sub-
jects might still have had more vascular disease than com-
parison subjects (63).

In conclusion, we found evidence in a substantial num-
ber of older depressed subjects of persisting cognitive im-
pairments that were linked to hippocampal volume re-
duction rather than current or past depressive episodes or
hypercortisolemia. Longer-term follow-up is required to
determine if such changes do indeed robustly predict sub-
sequent cognitive decline, while neuropathological stud-
ies are required to determine the pathological substrates
underlying hippocampal atrophy and persisting cognitive
impairments in older depressed subjects.
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