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Late-life depression and increased risk of dementia:
a longitudinal cohort study
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M. D. Zmuda1 and M. A. Butters 1

Abstract
Late-life depression (LLD) is associated with an increased risk of developing dementia; however, it is not known
whether individuals with a history of LLD exhibit a more rapid rate of cognitive decline. We aimed to determine
whether those with LLD experienced faster cognitive decline compared with never-depressed control (NDC)
participants from the community and whether stratification of LLD into early-onset depression (EOD) and late-onset
depression (LOD) subtypes revealed differing rates and domain-specific expression of cognitive decline. We conducted
a prospective, longitudinal study where 185 participants with LLD (remitted) and 114 NDC were followed for 5 years
on average. EOD was defined as having first lifetime depressive episode at <60years and LOD at ≥60years. Every year,
participants underwent comprehensive neuropsychological assessment. Composite scores for each cognitive domain
were calculated through averaging standardized scores across tests. LLD compared to NDC demonstrated significant
baseline impairment but did not decline more rapidly. EOD were significantly impaired in attention/processing speed
and global cognitive function at baseline but did not experience more rapid decline as compared to NDC. Those with
LOD compared to both NDC and EOD performed worse in all domains at baseline and experienced more rapid
decline in verbal skills and delayed memory ability. Our findings suggest that baseline impairment may lower the
threshold for those with LLD to develop dementia. EOD and LOD may represent distinct phenotypes of cognitive
impairment with differing neural substrates. LOD may represent a distinct phenotype with a more rapid decline in
verbal skills and delayed memory.

Introduction
Late-life depression (LLD) is a leading contributor to

psychiatric and medical morbidity and mortality in older
adults1. Often treatment resistant and recurrent, LLD is
associated with highly prevalent cognitive impairment
(~50%) that is persistent even after remission of depres-
sive symptoms2,3. Specifically, LLD has been associated
with a twofold increase in risk of developing multiple
types of dementia, including Alzheimer’s and vascular
dementia4,5. However, it is not clear whether individuals
with a history of LLD experience a more rapid rate of
cognitive decline in light of their increased risk of

developing dementia. Clarification of the rate of cognitive
decline in LLD may provide valuable clinical insight into
risk stratification and possible prevention of (including
timing of intervention for) future dementia.
The heterogeneous and multifactorial etiologies

involved present a significant challenge in the process of
predicting long-term neurocognitive and other outcomes
in the course of LLD6,7. Individuals with LLD present with
a wide range of neuropathological changes, brain struc-
tural abnormalities, and levels of cognitive functioning at
baseline and following an episode of depression. It is
unclear whether these abnormalities are related to the
etiology of LLD or whether they represent the con-
sequences of LLD itself. Clinical attributes, such as
depression exposure (length of and number of depressive
episodes), education level, and medical comorbidity, are
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also significant sources of variability. A potential avenue
to reduce heterogeneity in LLD is through stratification of
LLD into separate phenotypes.
Age of onset of the first depressive episode is highly

related to depression exposure and therefore may repre-
sent a useful phenotypic distinction. Early-onset depres-
sion (EOD) is thought to stem from genetic predisposition
and adverse life events, while late-onset depression (LOD)
is more associated with the accumulation of vascular
burden and other pathologic aging processes in the
absence of family history8,9. EOD patients may experience
cognitive impairment due to longer time in depression or
more lifetime depressive episodes, which lead to hippo-
campal atrophy, increased allostatic load, and decreased
brain reserve. In contrast, cognitive impairment in LOD
patients may result directly from vascular and neurode-
generative risk factors, which may also be the major
precipitant of the depressive episode8,9. If EOD and LOD
represent distinct phenotypes of LLD, it is critical to
investigate whether cognitive trajectories differ between
the two groups over time.
Previous investigations of the long-term cognitive out-

comes in LLD have largely been cross-sectional, while
longitudinal studies often did not exceed 5 years in
duration, thereby limiting their ability to delineate longer
neurocognitive trajectories. Other limitations of prior
studies include small sample sizes, reliance on imprecise
cognitive screening measures and limited use of highly
replicable broad-based neurocognitive batteries, and lack
of measurement and/or statistical control of baseline
cognitive functioning. In addition, many studies did not
differentiate between EOD and LOD in reporting LLD
subgroups. One study did stratify outcomes in EOD and
LOD patients using a robust longitudinal design, but
obtained baseline neuropsychological measurements
while patients were depressed, which potentially con-
founds the interpretation of cognitive performance10.
They found that individuals with LLD exhibited greater
cognitive impairment at baseline and greater subsequent
decline, but also found that EOD had the greatest
impairment with the greatest declines while LOD exhib-
ited less impairment and slower decline but still more
than control participants.
The primary purpose of this longitudinal study was to

determine whether individuals with a history of LLD
experience more rapid cognitive decline than those
without a depression history. Participants with a history of
LLD and never-depressed control (NDC) participants
underwent annual neuropsychological assessments for up
to 10 years. All baseline assessments and most subsequent
assessments were conducted while LLD participants were
in a state of remission, but we controlled for any
depressive symptoms regardless. Baseline cognitive per-
formance and rate of cognitive decline were compared

between the LLD and NDC groups. We hypothesized that
individuals with a history of LLD would have more cog-
nitive impairments at baseline and exhibit more rapid
decline over time in multiple domains of cognitive per-
formance compared with the NDC group. We also
investigated whether dichotomizing the LLD group into
EOD and LOD phenotypes revealed differing rates of
cognitive decline. The analyses were exploratory because
there are competing hypotheses that predict poor per-
formance from each of these two subgroups. Those with
EOD may perform poorly due to multiple previous
depressive episodes involving neurotoxic processes. On
the other hand, individuals with LOD may be in the
prodromal stage of a neurodegenerative disorder.
Each of these scenarios may lead to impaired cognitive
performance.

Methods
Participants
Participants with LLD were recruited from the Uni-

versity of Pittsburgh Late-Life Depression Prevention and
Treatment Center (N= 185), and NDC (N= 114) were
recruited from the local Pittsburgh community. Partici-
pants with LLD were treatment-seeking individuals who
were recruited into this study following successful treat-
ment. Recruitment occurred on a rolling basis which
allowed for more data acquisition and longer follow-up
from participants recruited in the early years of the study.
Inclusion criteria for LLD participants stipulated age 60 or
older at baseline visit, meeting Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition (DSM-IV)
criteria for unipolar major depression, English language
fluency, and visual and auditory acuity adequate to
undergo neuropsychological assessment. Exclusion cri-
teria included major unstable medical illness, diagnosis of
psychiatric disorders other than unipolar major depres-
sion or anxiety disorders (except for generalized anxiety
disorder (GAD) or specific phobia), neurologic disorders
or injuries with direct effects on cognitive functioning,
and clinical diagnosis of dementia. While patients could
have an anxiety disorder diagnosis (limited to GAD or
specific phobia), late-life major depressive disorder
(MDD) symptoms and disorder had to be most prominent
for a participant to be included. Control participants were
recruited from the Pittsburgh community and met the
same inclusion and exclusion criteria, with the exception
that they had no lifetime history of any psychiatric dis-
order. Lifetime antidepressant exposure was reported in
93.5% (N= 173) of individuals with history of LLD and
9.6% (N= 11) of NDCs for indications other than
depression. Over the duration of this study, ~70% of the
LLD group and ~10% of the NDC group were taking
antidepressant medication. LLD participants were further
categorized into EOD (N= 85) and LOD subgroups
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(N= 100), with early-onset defined as having lifetime
depressive episode at age 59 or younger and late-onset
defined as first lifetime depressive episode at age 60 or
older. All participants provided informed consent under a
protocol approved by the University of Pittsburgh Insti-
tutional Review Board.

Procedures
At baseline and annual follow-up visits, participants

were assessed for depressive symptoms (17-item
Hamilton Depression Rating Scale, HDRS-17), medical
comorbidity (Cumulative Illness Rating Scale for Ger-
iatrics, CIRS-G), and cardiovascular risk factor status
(CVRF; risk factors derived from Probability of Stroke
Risk Profile from the Framingham Heart Study). At every
follow-up visit, in order to ensure that cognitive assess-
ments were conducted during a period of remission or
reduced depressive symptoms, we aimed to administer
the neuropsychological test battery only if participants’
HDRS-17 score was ≤10. Participants with HDRS-17
score >10 were referred to treatment, with study visits
postponed until symptomatic improvement had occur-
red (postponed by up to 3 months as needed). All
depressed participants were referred to one of several
ongoing depression intervention studies; although the
pharmacotherapy varied, all studies conducted within
the University of Pittsburgh Late-Life Depression Pre-
vention and Treatment Center entailed protocolized
pharmacologic intervention. However, some individuals
had persistent depression that did not remit at one or
more subsequent visits and ultimately were assessed.
Approximately 21% of visits [376 out of 1774 total visits
across all participants] took place with a participant with
an HDRS-17 score >7 (criteria for remission) and 9% of
visits [159 out of 1774 total visits across all participants]
took place with a participant with an HDRS-17 score
>10. On average, participants had 1.3 (SD 1.6)
visits with a HDRS-17 > 7, and 0.5 (SD 0.9) visits with a
HDRS-17 > 10, reflecting their persistent, low-level
depressive state.
The neuropsychological battery used in this study has

been well-validated in assessing cognitive function across
multiple domains in older adults, as detailed in our prior
work11,12. As in our previous work, the raw scores of each
neuropsychological test were converted to standard scores
using the distribution of the NDC group. Composite
scores for each cognitive domain (attention/processing
speed, visuospatial ability, verbal ability, executive func-
tioning, and delayed memory) were then calculated by
averaging the standard scores across tests in Supple-
mental Table 1. Selection of cognitive domains was gui-
ded by factor analysis, conceptual groupings, and
Cronbach’s alphas. The Cronbach’s standardized alpha
values ranged from 0.55–0.75.

Statistical Analysis
Prior to any analysis, we examined data distributions to

assess normality and the presence of outliers. We calcu-
lated descriptive statistics for baseline demographics and
clinical measures of the NDC and LLD groups, using t
tests to test for group differences on the continuous
variables and chi-square tests for categorical variables.
We plotted cognitive domains over time for both groups

to examine individual domain trajectories as well as the
mean (and standard error) for each group. After reviewing
the graphs, we chose to use 10 years of data in all analyses
to maximize clinical relevance and to minimize bias
estimates due to drop off in sample size and increased
variability after 10 years. Baseline date and yearly visit
dates determined the time variable for all analyses. In
SAS, we employed a mixed-effect models repeated mea-
sures approach to compare domain trajectories and to test
for group, time, and group by time differences13 with an
unstructured covariance matrix. When fitting the models,
we controlled for baseline cognitive domain scores since
the two groups differed at baseline. Baseline age, medical
comorbidity, education, and sex were also included in the
model as covariates since these are known to affect cog-
nitive function. Models first considered quadratic effects
to test for nonlinear trajectories. When the quadratic
component was not significant, we moved to a linear
model. A best fit model was determined by comparing
Bayesian Information Criterion values between models.
The models were fit assuming that the missingness over
time was at random or completely at random14 and uti-
lized pairwise deletion for incomplete data.

Role of the funding source
The funding sources had no role in the design and

conduct of the study, data collection, data analysis, data
interpretation, or writing and review of the manuscript.
The corresponding author had full access to all data in
this study and had final responsibility for submission of
the manuscript for publication.

Results
The demographic and clinical characteristics of the

study participants comparing LLD and NDC are displayed
in Supplemental Table 2. The LLD group compared to
NDC was older, had a greater percentage of female par-
ticipants, and had greater medical comorbidity and vas-
cular risk factors as determined by the CIRS-G and CVRF,
respectively. Mean length of follow-up did not differ
between NDC (5.7 years, 1–14.8 years) and LLD (5.7
years, 0.9–15.8 years).
The demographic and clinical characteristics of the

study participants comparing LOD, EOD, and NDC are
displayed in Supplemental Table 3. The LOD group was
older than both EOD and NDC; there were more women
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in the EOD group compared to both the LOD and NDC
groups; LOD and EOD groups had greater medical
comorbidity (CIRS-G) than NDC; LOD group had greater
vascular risk factors than the NDC; and LOD had shorter
length of follow-up (4.6 years, 0.9–18 years) than NDC
(5.7 years, 1–14.8 years) and EOD (5.7 years, 1–14.3
years). The LOD and EOD groups did not differ in fre-
quency of past anxiety diagnoses.

Comparing LLD and NDC
At baseline, the LLD group compared to the NDC

performed worse in all domains except for the visuospa-
tial domain (Fig. 1). The LLD group declined more rapidly
than the NDC only in the verbal domain; however, this
difference appears to be related to a lack of a practice
effect among LLD compared with NDC rather than actual
decline—lack of a practice effect is often due to cognitive
impairment (Table 1 and Fig. 1).

Comparing LOD, EOD, and NDC
At baseline, the LOD group performed significantly

worse than the NDC group in all domains. At baseline,
all three groups differed (NDC > EOD > LOD) in the
attention/processing speed and global function domains
(Fig. 2). The LOD group declined more rapidly over time
compared to the NDC group in verbal ability and delayed
memory (Table 2 and Fig. 2).

Discussion
To our knowledge, this study represents one of the first

longitudinal studies to use a broad-based, comprehensive
neuropsychological battery to assess cognitive decline in
remitted LLD. We found that at baseline, those with a
history of LLD exhibited cognitive impairment compared
with NDC across multiple domains and further, that those
with LOD had even greater impairment compared to
EOD and NDC. Critically, we also found that those with
LOD experienced a more rapid rate of decline in verbal
ability and delayed memory compared to NDC.
Although, overall, individuals with a history of LLD did

not exhibit a steeper rate of decline compared to NDC,
they did exhibit significantly greater baseline cognitive
impairment. This difference could account for the
increased incidence or risk of dementia and reflect mixing
of EOD and LOD subtypes. The prevalent baseline
impairment may reflect decreased brain and/or cognitive
reserve. Brain and cognitive reserve represent protective
factors, such as greater cortical thickness or high level of
educational/occupational attainment, that provide resi-
lience to age-related decline and other pathological pro-
cesses15,16. LLD has been associated with numerous
neuropathological abnormalities, including high levels of
inflammation and glucocorticoids, which contribute to
cerebrovascular injury, amyloid deposition, hippocampal

atrophy, and reduced volume in the basal ganglia and
prefrontal regions17,18. These pathological processes
contribute to reduced brain and cognitive reserve, thus
potentially leading those with LLD to cross the threshold
of clinical dementia sooner than NDCs.
Stratification of LLD into separate phenotypes based on

age of onset demonstrated different patterns of cognitive
impairment at baseline and decline over time. Individuals
with EOD, while not exhibiting more rapid decline over
5–10 years, did exhibit significant impairment in the
attention/processing speed and global cognitive function
at baseline compared to NDC. Impairment in global
cognitive functioning provides evidence of depression’s
neurotoxicity: repeated, cumulative depression exposure
can have a significant impact on brain reserve and cog-
nitive function17, for example via high level glucocorti-
coids leading to inflammation and contributing to
cerebrovascular disease.
In contrast, individuals with LOD performed worse than

NDC in all domains at baseline and experienced more
rapid decline in verbal ability and delayed memory than
both NDC and EOD. The progressive decline in memory
performance is especially salient, as it may represent the
leading clinical sign of impending dementia, particularly
Alzheimer’s disease. Thus, our findings are consistent
with the hypothesis that LOD may represent a prodromal
phase of dementia19. This provides support to theories
that suggest LOD may be due to aging-related neuro-
pathology, e.g., amyloid plaques, gray matter atrophy, and
cerebrovascular disease8,9. In this case, medical providers
should consider older adults with new onset depression at
particularly high risk of subsequent cognitive decline and
dementia.
Our findings differ from those reported by Riddle

et al.10. In their study, Riddle and colleagues reported
that individuals with LLD exhibited more cognitive
impairment at baseline and greater subsequent decline in
all cognitive domains compared with NDC, with EOD
individuals experiencing greater decline than LOD and
NDC groups. Of note, their participants were depressed
at baseline—possibly a source of unexplained variance in
subsequent measures of trajectory. Also, our neu-
ropsychological battery was more broad-based and
comprehensive, especially in the executive functioning
and verbal domains. The Riddle et al. participants may
have experienced a different cognitive trajectory than
our study sample, being younger (e.g., higher brain
reserve) and more educated (e.g., higher cognitive
reserve) on average than our participants. We suggest
that the findings in our study are complementary to
those of Riddle et al., rather than contradictory, and may
capture different perspectives reflecting differences in
study samples, as well as in content and timing of neu-
ropsychological assessment.
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There are past studies that have shown no change in
global cognitive function or increased risk of incident
dementia in those with high levels of depressive symp-
toms compared to controls20, while others have shown

that such an association does exist21,22. With the excep-
tion of verbal ability and delayed memory, in our study
those with LOD had significant baseline impairment
compared to NDC, and EOD showed baseline impairment

Fig. 1 Graph of cognitive trajectories comparing NDC vs. LLD. There were baseline differences between LLD and NDC in all domains except
visuospatial ability. LLD group differed over time compared to the NDC in the verbal ability only—this may be due to lack of practice effect rather
than cognitive decline.
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in two domains compared to NDC. These data indicate
that there is clear baseline cognitive impairment, and so
even with a similar rate of decline—those with more
baseline impairment will be diagnosed with dementia

earlier (through extrapolation, we do not demonstrate
this). We could assume that either they experienced
periods of cognitive decline prior to our study (and
therefore at some earlier point, were cognitively “normal”)

Fig. 2 Graph of cognitive trajectories comparing NDC vs. LOD vs. EOD. At baseline, the LOD group performed worse than NDC in all domains
while all three groups differed in the attention/processing speed and global function domains (NDC > EOD > LOD). The LOD group declined more
rapidly than both the NDC and EOD groups in the verbal ability and delayed memory domains.
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and/or they have always lived with some level of cognitive
dysfunction. In the case of LOD, it may be important to
study a large cohort of individuals without cognitive
impairment and depressive symptoms from an earlier age
(e.g., early 50s) as at some point they may have experi-
enced a “cognitive hit” that may not necessarily have been
due to depression alone, but also medical comorbidities,
genetic factors, and socio-demographic factors that pre-
dispose individuals to depression. In the case of EOD, it is
entirely possible that other factors may play an even
greater role—e.g., childhood trauma/abuse, early devel-
opmental issues/malnutrition, or severity and number of
depressive episodes.
All of our participants had taken part in LLD inter-

vention trials conducted at the University of Pittsburgh
and most continued treatment with antidepressant phar-
macotherapy (mostly SSRIs) after their acute trial and
during our observational follow-up study. This raises the
possibility that antidepressant medications may have been
responsible for the observed cognitive impairment.
However, we are unaware of any studies suggesting that
modern antidepressants (i.e., non-anticholinergics) impair
cognitive function. In fact, studies suggest just the oppo-
site, that some modestly improve cognitive function,
including psychomotor speed and delayed memory23 and
executive functioning24. Finally, in the large, nationally
representative epidemiologic Health and Retirement
Study, antidepressant use did not modify the course of 6-
year cognitive change25.
Our study has several limitations. Although all of the

baseline and most of the subsequent neuropsychological
assessments were performed while the LLD participants
were in a state of remission, a small subset of participants
had not achieved full remission but were included in our
analyzes. Hindsight bias in self-reported age of first
depressive episode may also limit the accuracy of strati-
fication of LLD into EOD and LOD phenotypes. Incor-
poration of other neuroimaging or metabolic biomarkers
(e.g., MRI white matter hyperintensities, cortisol levels)
may allow for more optimal differentiation between EOD
and LOD participants. Consistent with prior studies,
effect sizes for cognitive decline were modest. While LLD
and NDC showed no differences in rate of decline over
the follow-up period, the individuals with LOD (com-
pared to EOD and NDC) had shorter average follow-up,
which may have affected the results. Participants with
LLD were treatment-seeking individuals, which may not
be representative of the general population. This is a
limitation, since NDC were recruited from the general
population, which may have influenced our findings. Our
study sample was predominantly Caucasian, and thus did
not reflect the greater medical comorbidity and attendant
effects on brain health and cognitive function to which
African Americans are subject, and which may prevent

generalizability to that population. However, the sur-
rounding Pittsburgh area (Allegheny County) is ~13%
black—which indicates that our sample is somewhat
representative of the surrounding area. Finally, further
study with longer follow-up and/or a lifespan approach
would likely provide greater insight into both when dur-
ing life depressed individuals develop cognitive differences
and the critical stage when cognitive decline accelerates.
In conclusion, we observed that individuals with a his-

tory of LLD did not experience an accelerated rate of
cognitive decline over 5–10 years as compared with the
NDC group. Instead, we found that LLD was associated
with greater baseline cognitive impairment, providing a
possible explanation for the association of LLD with
development of dementia. Dichotomizing LLD based on
age of first depression onset yielded different cognitive
trajectories over time, suggesting that EOD and LOD may
represent different neural substrates that increase their
risk of developing subsequent dementia. If this is the case,
EOD and LOD may represent distinct phenotypes with
depression as the only commonality. In this case, the
underlying mechanisms linking depression and future
cognitive impairment and decline are likely distinct and
should be studied as such. Future studies should focus on
the underlying processes that potentially differentiate the
phenotypes, including pathophysiological changes that
may lower brain reserve in individuals with EOD, earlier
in life when cognitive differences are small, and in later-
life, when they are substantial. Furthermore, elucidation
of the various neurobiological mechanisms that underlie
cognitive impairment in EOD (e.g., allostatic load, chronic
inflammation) vs. LOD (subclinical microvascular disease,
Lewy bodies, Alzheimer’s disease pathology) could inform
earlier intervention to reduce risk for future dementia.
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