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Abstract
Objective—Major Depressive Disorder (MDD) is a likely risk factor for dementia, but some
cases of MDD in older adults may actually represent a prodrome of this condition. The purpose of
this study was to use neuropsychological test scores to predict conversion to dementia in a sample
of depressed older adults diagnosed as nondemented at time of neuropsychological testing.

Design—Longitudinal, with mean follow-up of 5.45 years.

Setting—Outpatient depression treatment study at Duke University

Participants—30 nondemented individuals depressed at time of neuropsychological testing and
later diagnosed with incident dementia; 149 nondemented individuals depressed at time of
neuropsychological testing and a diagnosis of cognitively normal.

Methodology—All participants received clinical assessment of depression, were assessed to rule
out prevalent dementia at time of study enrollment, completed neuropsychological testing at time
of study enrollment, and were diagnosed for cognitive disorders on an annual basis.

Results—Non-demented, acutely depressed older adults who converted to dementia during the
study period exhibited broadly lower cognitive performances at baseline than acutely depressed
individuals who remained cognitively normal. Discriminant function analysis indicated that 2
neuropsychological tests, CERAD Recognition Memory and Trail Making B, best predicted
dementia conversion.

Conclusions—Depressed older adults with cognitive deficits in the domains of memory and
executive functions during acute depression are at higher risk for developing dementia. Some
cases of late-life depression may reflect a prodrome of dementia in which clinical manifestation of
mood changes may co-occur with emerging cognitive deficits.
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Early identification of dementia risk is an increasingly important target for research and
clinical practice. Research suggests that one risk factor for dementia may be Major
Depressive Disorder (MDD) (1, 2), and that some cases of MDD in older adults may
actually represent a prodrome of this condition (3, 4). Depression symptoms in a very early
stage of dementia may present as more noticeable than the early cognitive changes that
characterize prodromal dementia conditions like Mild Cognitive Impairment (MCI);
however, it is also reasonable to expect that neuropsychologial deficits consistent with
prodromal dementia may be detectable in MDD. Many older adults with MDD have
neuropsychological deficits in domains like episodic memory and executive functions (5, 6),
which can persist even in remission (7). These deficits can be difficult to differentiate from
or early dementia (8), and may reflect a common pathophysiology (9). Because incident
dementia in nondepressed samples is consistently associated with lower performances on
tests of memory and executive functions (10), a common pathway perspective would
suggest that lower performances on tests of memory and executive functions in older adults
with MDD should also predict individuals with this diagnosis who convert to dementia.

The goal of the current study was to use neuropsychological test scores to predict conversion
to dementia in a sample of older adults enrolled in a treatment study for MDD and
diagnosed as nondemented at time of neuropsychological testing. These individuals
completed neuropsychological testing during an episode of MDD, were followed
longitudinally, and were assessed for dementia on an annual basis by a consensus panel of
clinicians and researchers. We hypothesized that neuropsychological performances would be
lower in the group that converted to dementia relative to the group that remained cognitively
normal, particularly on tests of memory and executive functions. We used discriminant
function analysis to identify the combination of individual neuropsychological measures that
best discriminated individuals who converted to dementia from those who did not. This
approach was repeated on a subset that included Alzhheimer’s Disease (AD) diagnoses only
in order to examine if the results deviated from the broader dementia group.

Methods
Participants

Participants were enrolled in the Neurocognitive Outcomes of Depression in the Elderly
study (NCODE). Although the study includes a nondepressed comparison group, incident
dementia in that group (n = 2) precludes statistical comparison in the current study.
Participants in this study were enrolled if they met criteria for a current episode of unipolar
major depression, were age 60 or older, did not have another primary psychiatric illness, and
were free from neurological illnesses affecting cognition. Per NCODE criteria, participants
with contraindications to brain MRI were also excluded. Comprehensive methods of the
NCODE study have been reported previously (11).

Initial Clinical Assessment
At the time of study enrollment, a geriatric psychiatrist interviewed each depressed
participant and assessed depression symptoms with a number of standardized clinical
assessments (11). Briefer clinical assessments were repeated when clinically indicated, but
at least every three months. For the current study, the Montgomery-Asberg Depression
Rating Scale (MADRS) was used as an index of depression severity.

Participants were excluded if they had dementia or suspected dementia at the time of
neuropsychological testing based on information available to the assigned geriatric
psychiatrist, who examined the participant, reviewed medical records, and conferred with
referring physicians for all patients. Per MHCRC protocol, any depressed participants
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entering the study with a Mini-Mental State Exam (MMSE) (12) score less than 25 were
followed through their treatment to determine if cognition improved. In the current study,
this included 20 individuals who initially scored below 25, and 13 of these individuals later
improved to a score of 25 or better. The remaining 7 individuals had MMSE scores ranging
from 20–24 during follow-up, but were included in the study based on a psychiatric
diagnosis of nondemented at the time of their neuropsychological testing. Thus, in the
clinical judgment of the study geriatric psychiatrist and by established study protocol,
clinically evident dementia was excluded at or close to baseline in all participants.

Clinical Follow-up of Depressed Participants
The NCODE study operated in a naturalistic treatment milieu using treatment guidelines
established by the Duke Affective Disorders Program (13). Treatment was monitored to
ensure that clinical guidelines were followed appropriately. The protocol recommended that
patients receive continuation treatment for at least one to two years (some indefinitely) once
they achieve remission.

Neuropsychological Assessment
Neuropsychological assessment occurred at study enrollment for most participants. The
earliest participants in the longitudinal study did not receive neuropsychological testing at
enrollment, but did receive testing if there was a relapse of major depression. We included
individuals whose clinical status was still considered to be non-demented at the time of
testing (n = 38). The neuropsychological assessment was based on a battery of tests that has
been successfully employed in a number of clinical and epidemiological studies of dementia
(14, 15), and which is fully described in Steffens et al. (2004) (11). We chose 15 individual
measures from the neuropsychological battery to use as independent variables: 1) CERAD
Word List Learning (sum of 3 trials), 2) CERAD Word List Delayed Recall (total score), 3)
CERAD Recognition Memory, 4) CERAD Boston Naming (total score), 5) CERAD
Constructional Praxis Drawing (total score), 6) Delayed Praxis Recall (total score), 7)
Logical Memory I (immediate recall, total score), 8) Logical Memory II (delayed recall,
total score), 9) Benton Visual Retention Test (total correct), 10) Digit Span (total score), 11)
Symbol-Digit Modalities Test (total score), 12) Trail Making A (time in seconds up to 91),
13) Trail Making B (time in seconds up to 301), 14) Animal Naming (total score), 15)
Controlled Oral Word Association (total score). For CERAD Recognition Memory, we
employed the Recognition Discriminability score used by Chandler et al. (16), which was
calculated by subtracting the number of false positive responses from the number of true
positive responses and setting these scores to a lower boundary of 0. A licensed clinical
neuropsychologist trained the psychometric technicians on standardized administration and
scoring of each test and supervised data collection.

Consensus Diagnostic Conference
Participants were assigned to be reviewed by the yearly consensus panel if they met one of
the following criteria: 1) the study geriatric psychiatrist suspected dementia or clinically
significant cognitive decline, 2) neuropsychological test performances were consistent with
cognitive impairment, or 3) neurological consultation resulted in a diagnosis of dementia or
cognitive impairment. Individuals with no indications of cognitive difficulty were reviewed
periodically to keep their diagnostic status up-to-date. Using a model developed in our
epidemiological studies of dementia (17), we convened a panel of experts to review each
case, including the treating geriatric psychiatrists, a cognitive neuroscientist, 1–2
neuropsychologists specializing in memory disorders, and a neurologist specializing in
memory disorders. Panel members reviewed the following information for each participant:
1) initial evaluation and most recent clinical depression study notes, 2) neuropsychological
testing profiles for all participants who underwent cognitive testing, 3) informant report of
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cognitive decline based on the Dementia Severity Rating Scale (18), and 4) additional
neurological and clinical neuropsychological consultations when available. The treating
study psychiatrist briefly presented the case, a neuropsychologist summarized the
neuropsychological findings, and the panel would discuss the case until a consensus
cognitive diagnosis was reached. Panel members chose among several clinical diagnoses;
however, only diagnoses reflecting AD or dementia were used in the current study (Table 1).
We used published criteria for diagnoses of probable and possible Alzheimer disease (19),
probable and possible vascular dementia (20), and Lewy body dementia (21). The category
of “dementia of undetermined etiology” was used when a participant met Diagnostic and
Statistical Manual of Mental Disorders, Fourth Edition (22) criteria for dementia, but the
clinical presentation was too complex or atypical to permit a diagnosis of Possible AD and
no other apparent cause for dementia could be identified. The final diagnostic category in
the current study was cognitively normal/no dementia.

Statistical Methods
The analysis cohort was composed of 179 participants. Incident dementia was diagnosed for
30 of these participants, with 21 also meeting criteria for AD. The remaining participants
were classified as cognitively normal/no dementia.

A dichotomous outcome measure denoting ‘caseness’ was coded as follows: case (dementia)
= 1; non case (cognitively normal) = 0. This outcome was subsequently evaluated to
determine its level of association with the neuropsychological variables.

Prior to the analyses, missing values were imputed using chained MCMC imputation
procedures (23) implemented in SAS 9.2 (PROC MI) (24). Imputed values in the final
complete data set were based on mean values computed from 10 imputations. Eight of the
candidate scales contained no missing data, six had less than 5% missing; the final scale
(Digit Span) had less than 10% missing.

For the discriminant analysis, data reduction techniques, based on the branch and bound
algorithm of Furnival and Wilson (25) were used to derive a specified number of reduced
models based on the highest likelihood score (chi-square) statistic for all possible sizes from
one-to-five-effect models. Using logistic regression procedures (SAS 9.2; PROC
LOGISTIC), the dichotomous outcome measure was regressed on the 15 candidate
neuropsychological measures to derive optimal one-, two-, three-, four-, and five-variable
solutions as determined by score criteria. Among the five estimated models, a given model
was selected over the next-most-simple model only if the difference in likelihood scores (as
tested by a 1 df chi-square statistic) indicated that the increase in model fit was significantly
improved by the additional measure (p < 0.05). All models included age as a covariate.

Results
Mean time of follow up was 6.33 (SD = 3.07) years for the dementia group and 5.27 (SD
=3.46) years for the no dementia group, which was not a statistically significant difference
based on a Wilcoxon-Mann-Whitney test. A chi-square test indicated no significant
difference in the proportion of dementia diagnoses when neuropsychological testing
occurred at enrollment versus relapse. Means and standard deviations of participant
demographics and neuropsychological performances are presented in Table 2 by diagnostic
group. Age was significantly higher among subjects meeting criteria for dementia (t =
−6.77; df = 177; p < 0.0001) and the MMSE score was significantly lower (Wilcoxon-
Mann-Whitney Z = −3.70; p < 0.0002). The median MMSE score was 26.5 for the dementia
group and 29.0 for the no dementia/cognitively normal group. Only age remained
significantly associated with dementia when both covariates were included in succeeding
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models. Among individual neuropsychological measures, baseline scores of dementia cases
were significantly worse than those of cognitively normal individuals on all 15 measures,
based on both conventional t-tests and Wilcoxon-Mann-Whitney tests (all p < 0.01). Similar
results occurred for the AD only group. We calculated Cohen’s d as a measure of effect size
between groups, which ranged from .67 – 1.89 (Table 2). We also adopted Cohen’s (26)
conventions in interpreting effect sizes estimated from d as small (≥.20), medium (≥.50), and
large (≥.80). As seen in Table 1, we found large effect sizes for 14 out of 15
neuropsychological measures.

Derived multivariate models are presented in Tables 3 and 4. Optimal discrimination of the
30 participants meeting criteria for dementia was obtained based on only two indices:
CERAD Recognition and Trail Making B (Table 3). Subsequent addition of one-, two-, or
three-candidate variables produced no significant increment in model fit (Table 4). The
optimal two-variable model (Table 3) yielded a max-rescaled R2 = 0.61, and a concordance
index c = 0.91 (area under the ROC curve). Better recognition memory performance, as
indexed by CERAD Recognition, was associated with reduced odds of dementia (OR =
0.46). Slower time per second to complete Trail Making B was associated with increased
odds of dementia (OR = 1.02). Using a classification criterion of p = 0.75, the model
correctly classified 91.6% of the responses; rates of false positives and false negatives at this
criterion level were 5.9% and 8.6%, respectively (Table 5). The ROC curve for the selected
two-variable model is presented in Figure 1. In addition, we examined these models with
AD diagnosis only, and found similar results to the full dementia group.

To derive appropriate scale scores at a given cut-point, CERAD Recognition and Trail
Making B were each individually regressed on predicted scores estimated from the same
model. The ensuing regression equations were then used to generate predicted scores for
each scale over a range of cut-points (Table 5, final two columns). The ROC curves for
CERAD Recognition and Trail Making B are presented as part of Figure 1.

Conclusions
The current study found that non-demented, acutely depressed older adults who convert to
dementia exhibit broadly lower cognitive performances than acutely depressed individuals
who were diagnosed as cognitively normal. Although there were significant group
differences across all neuropsychological measures we examined, bivariate comparisons
between dementia-converted and nonconverted individuals indicated the largest effect sizes
on tests of memory and executive functions. Discriminant function analysis indicated that 2
neuropsychological tests, CERAD Recognition memory and Trail Making B, best predicted
dementia conversion. Results were similar when the group included AD diagnoses only.

The current results share similarities with three lines of research related to
neuropsychological function in MDD and/or dementia: 1) neuropsychological predictors of
dementia in MDD, 2) neuropsychological differences between MDD and AD, and 3)
neuropsychological prediction of dementia among cognitively normal individuals. Only a
few studies have examined neuropsychological predictors of incident dementia or cognitive
decline in the context of MDD. One retrospective study of 44 MDD patients criteria found
that individuals who met formal diagnostic criteria for dementia (n = 14; 7 AD) over a 7.5
year follow-up had worse performance on attention and memory items from a cognitive
screening measure (27). Another study did not formally diagnose dementia, but did find that
verbal recall at baseline was deficient in individuals experiencing cognitive decline over a
15-month period, and who are presumably at greater risk of dementia (28). Our study found
comparable neuropsychological measures to be associated with dementia risk, with the
largest effect sizes on measures of episodic memory and executive functions.
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Research on neuropsychological differentiation of MDD and dementia has found that
measures of delayed recall best differentiate between dementia and depression (29–31). One
study using approximately the same CERAD neuropsychological measures as the current
study found that Delayed Word Recall and Constructional Praxis Recall were the two tests
that best differentiated between late-onset depression and AD (31), while our study found
Delayed Word Recall and Praxis Recall showing the largest effect sizes between those with
MDD who converted to dementia and those who remained cognitively normal. Our
multivariate model, however, found that Recognition Memory and Trail Making B were
most highly predictive of depressed individuals with incident dementia relative to the
cognitively normal group.

Research indicates that nondepressed individuals with prodromal AD can show subtle
deficits across a broad range of neuropsychological domains, invariably including episodic
memory and executive functions (32, 33), which is similar to the current study. One
representative study that used similar measures to the current study found that CERAD
measures of Word List Learning, Delayed Recall, and Praxis Recall predicted incident
probable AD, as did both Trail Making A and Trail Making B (34). In addition, our study’s
finding of the sensitivity of recognition memory to incident dementia in depression is
interesting because of research and clinical opinion that recognition memory is relatively
less affected by the symptoms of depression than is delayed recall (35–37) and typically
does not show the level of impairment in depression that is seen in AD (38, 39) or amnestic
MCI (40). Although delayed free recall is generally regarded as the most sensitive measure
to early dementia in nondepressed samples (41), it is possible that added vulnerability of
delayed recall to MDD (42) confounds the sensitivity of delayed recall to a certain extent
when MDD is comorbid with underlying dementia pathology. Delayed recognition
discrimination may be especially sensitive to the integrity of the entorhinal cortex (43),
which is also the region that first evidences the neurofibrillary tangles that characterize AD
(44). Thus, while recognition memory tests may be useful in detecting AD-like impairments
in the context of late-life depression, further research is needed.

The major clinical implication of the current study is that individuals presenting with acute
MDD who also present with deficits in memory and executive functions should be
considered at risk for conversion to AD. Means and effects sizes in Table 2 can provide
clinicians with raw scores by which to gauge the relative performance of their own patients.
We have also provided information in Table 5 by which a clinician can compare CERAD
Recognition and Trail Making B scores at different levels of dementia probability. Although
we present two optimal tests based on our sample and our specific statistical approaches,
other selection procedures may produce a different combination of optimal predictors. We
also note Bondi et al.’s (33) caution that the heterogeneity of dementia makes it unlikely that
a single cognitive test or single cognitive domain will be sufficient to accurately identify
prodromal dementia.

The current study has potential limitations and methodologic challenges that merit
discussion. One limitation is that while the sample size of the dementia group is large
relative to extant prospective studies of clinically diagnosed MDD and dementia, the number
of cases is still relatively small. Despite this potential constraint to statistical power, we
detected statistically significant effects between groups on all of the neuropsychological
measures. The current study did not examine how age of first depression onset is related to
dementia, which was due to sample size constraints. We also did not include individuals in
the category of cognitive impairment, no dementia (CIND). Although many individuals with
CIND or MCI-like conditions are certainly at higher risk of dementia (45), there is also
much heterogeneity (46), and many of the diagnostic endpoints of this group do not fit
within the scope of the current study. Although outcomes of depression and CIND have
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been studied (45), future research on these classifications could help better identify which of
these individuals are at the highest risk of AD and other adverse outcomes.

Our study presents the methodologic challenge of predicting a prospective diagnosis of
dementia based on a number of individuals that were retrospectively characterized to be in a
prodromal stage of this condition at baseline. As described in our methods, we employed a
number of procedures to exclude individuals with dementia at entry to the study and at time
of baseline neuropsychological testing, but it is possible that other approaches would lead to
a different decision in some cases. On this point, we did include 20 individuals with a
baseline MMSE below 25 at time of testing, and note that all 7 individuals who did not
subsequently improve their MMSE above the cut-off level were ultimately diagnosed with
dementia. Nonetheless, these scores occurred in the context of a thorough clinical evaluation
at their study baseline that did not yield a diagnosis of dementia for these individuals. This
finding suggests that a persistently low MMSE score-especially in the context of symptom
improvement-should raise suspicion for dementia and warrant a more extensive
neuropsychological evaluation.

Our study question has the potential confound that our independent variables
(neuropsychological performance) can influence the definition of our dependent variable
(clinical diagnosis). On this point, we emphasize that neuropsychological testing was one
aspect of a comprehensive assessment that included a clinical and medical history, other
informant reports of cognition and functional performance, applicable medical records, and
in some cases additional neurological evaluation and/or a clinical neuropsychological
assessment. In addition, 93% (28/30) of dementia cases had 2 or more neuropsychological
testing visits prior to diagnosis, such that baseline neuropsychological performance was not
necessarily the most influential information contributing to clinical diagnosis. Thus, while
baseline neuropsychological testing performance was available at the time of diagnosis, it is
unlikely that these scores were overly influential in the diagnostic process.

Finally, this study does not answer the question of whether depression is a risk factor or a
prodrome of AD. The mechanisms by which depression would lead to dementia are well
reviewed by others, and include possibilities such as cortisol-induced atrophy of the
hippocampus, increased amyloid plaque deposition, and increased production of pro-
inflammatory cytokines (47). Although the risk vs. prodrome debate has been well reviewed
by others (1, 2), our view is that the ideas of depression as a risk factor or prodrome of
dementia are not mutually exclusive, but rather reflect the heterogeneous clinical
presentations and etiologies of both conditions. In this context, our question concerns which
neuropsychological performances are potential indicators of conversion to dementia among
depressed individuals, and we highlight that individuals with early dementia may manifest
clinically significant symptoms of depression before the disease is otherwise clinically
apparent. The task ahead is to continue investigating the mechanisms by which depression at
different points in the lifespan may contribute to dementia, to characterize the range of tests
that will identify dementia as early as possible, and to use this knowledge to optimize the
benefits of intervention approaches.
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Figure 1.
Receiver-Operator Curves (ROC) Predicting Dementia: Best-Fit Model, Trail Making only,
Recognition Discriminability only.
Note. CERAD Recognition = Discriminability score.
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Table 1

List of Possible Clinical Diagnoses of Dementia Available at Consensus Diagnostic Conference, with
Diagnoses Used in Current Study Highlighted in Bold with Sample Size

Probable Alzheimer’s disease (n = 8)

Possible Alzheimer’s disease (n = 13)

Probable vascular dementia (n = 1)

Possible vascular dementia (n = 2)

Dementia of Parkinson’s disease

Alcoholic dementia

Lewy body dementia

Huntington’s dementia

Progressive supranuclear palsy

Frontal lobe dementia

Severe head trauma with residual dementia

Hypoperfusion dementia

Postencephalic dementia

Normal pressure hydrocephalus

Dementia of undeterimined etiology (n = 6)

Normal/noncase (n = 149)

Note: Diagnosis of cognitive impairment, no dementia (CIND) not used in the current study; see Steffens et al. (2004) (10) for comprehensive
description of diagnoses and subtypes.
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Table 4

Regression models leading to optimal solution (Table 3), based on 15 candidate neuropsychological tests

Number of Variables Score χ2 Change χ2 * Variables Included in the Model

1 36.85 n/a Age

2 73.54 36.69 Age, Recognition

3 84.33 10.80 Age, Recognition, TMT-B

4 86.17 1.84 Age, Recognition, TMT B, Digit Span

5 89.19 3.02 Age, Recognition, LM I, TMT B, Digit Span

6 90.87 1.68 Age, Praxis Delay, Recognition, LM I, TMT B, Digit Span

*
χ2 Critical Value (p < 0.05) = 3.84; df = 1

Note. TMT B = Trail Making Test Part B. Recognition = CERAD Recognition Discriminability. LM I = Logical Memory I (immediate recall).
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