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Background: Depression and dementia are common incapacitating diseases in old age.
The exact nature of the relationship between these conditions remains unclear, and
multiple explanations have been suggested: depressive symptoms may be a risk factor
for, a prodromal symptom of, or a coincidental finding in dementia. They may even be
unrelated or only connected through common risk factors. Multiple studies so far have
provided conflicting results.

Objectives: To determine whether a systematic literature review can clarify the nature of
the relation between depressive symptoms and dementia.

Methods: Using the Patient/Problem/Population, Intervention, Comparator, Outcome or
PICO paradigm, a known framework for framing healthcare and evidence questions, we
formulated the question “whether depressive symptoms in cognitively intact older adults
are associated with a diagnosis of dementia later in life.” We performed a systematic
literature review of MEDLINE and PsycINFO in November 2018, looking for prospective
cohort studies examining the aforementioned question.

Results: We critically analyzed and listed 31 relevant papers out of 1,656 and grouped
them according to the main hypothesis they support: depressive symptoms as a risk
factor, not a risk factor, a prodromal symptom, both, or some specific other hypothesis. All
but three studies used clinical diagnostic criteria for dementia alone (i.e., no biomarkers or
autopsy confirmation). Several studies contain solid arguments for the hypotheses they
support, yet they do not formally contradict other findings or suggested explanations and
are heterogeneous.

Conclusions: The exact nature of the relationship between depressive symptoms and
dementia in the elderly remains inconclusive, with multiple studies supporting both the risk
factor and prodromal hypotheses. Some provide arguments for common risk factors. It
seems unlikely that there is no connection at all. We conclude that at least in a significant
part of the patients, depressive symptoms and dementia are related. This may be due to
common risk factors and/or depressive symptoms being a prodromal symptomof dementia
in.org February 2020 | Volume 11 | Article 341
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and/or depression being a risk factor for dementia. These causal associations possibly
overlap in some patients. Further research is warranted to develop predictive biomarkers
and to develop interventions that may attenuate the risk of “conversion” from depressive
symptoms to dementia in the elderly.
Keywords: depression, dementia, cognitive decline, Alzheimer, aging, biomarkers
INTRODUCTION

Rationale and Objectives
Neuropsychiatric diseases are a leading cause of disability
worldwide, with numbers expected to increase dramatically in
the coming decades, mainly due to aging populations
(Alzheimer’s Disease International, 2013). Possibly the most
incapacitating of these illnesses is dementia—causing
substantial physical and psychological disability, suffering,
dependency, and economic costs for patients, caregivers, and
society alike (Livingston et al., 2017). Several potentially disease-
modifying drug trials may have failed because a disease like
Alzheimer’s (AD) is usually diagnosed clinically after underlying
pathological processes have already been going on for years, or
even decades (Jack et al., 2010; Jansen et al., 2015; Petersen,
2018). This, in turn, has led to a major interest in possible
prodromal or (modifiable) risk factors for the development of
dementia (Baumgart et al., 2015). Even though most forms of
dementia are currently incurable, it has been hypothesized that a
10% reduction of known risk factors could result in a global
decrease of more than one million future cases of dementia
(Barnes and Yaffe, 2011).

Depressive symptoms have been linked to dementia. Indeed,
clinicians have long acknowledged that depression in the elderly
can mimic dementia in a situation known as depressive
pseudodementia (Alexoupoulos et al., 1993). However,
depressive symptoms may also be the first clinical
manifestation of incipient dementia. Indeed, behavioral and
psychological symptoms, such as depression, are highly
prevalent in patients with dementia, leading to overlap in
clinical presentations of cognitive impairment in the elderly
(Savva et al., 2009). Others have suggested that depression and
dementia share common risk factors and thereby frequently
occur together without being causally linked themselves
(Enache et al., 2011), or that psychological symptoms may
occur (merely) as a reaction to incipient decline in patients
who are aware of their cognitive disturbances. Another
explication uses the “cognitive reserve” paradigm. This idea
posits that intercurrent (physical or mental) illness in an
already diseased and/or aged brain will lower the threshold for
experiencing cognitive problems and therefore cause symptoms
of the same pathophysiological process to manifest earlier (Stern
et al., 1994). Multiple studies designed to assess risk and causality
have provided conflicting results (Bennet and Thomas, 2014).

Depression in the elderly is more often associated with
cognitive symptoms as compared to depressive disorders of
earlier adulthood (Lam et al., 2014). On the other hand,
depression itself may actually cause cognitive decline—
.org 2
conceivably related to certain pathophysiological processes of,
for example, frontal and hippocampal atrophy possibly through
glutamatergic or steroid-related toxicity (Peavy et al., 2007; Byers
and Yaffe, 2011; Taylor et al., 2013). Still other studies have
pointed out that even early-life depressive episodes increase the
risk of later dementia (Dotson et al., 2010; Simões do Couto et al.,
2016). The aforementioned possibilities are, of course, not
mutually exclusive and quite possibly overlap in everyday
clinical situations.

It is clear that the association between late-life depression
and dementia is complex. To shed further light upon this
issue, we conducted this systematic literature review. It focuses
on the relationship between depressive symptoms that develop
late in life and the subsequent development of dementia
in general.

We acknowledge that depression (as in major depressive
disorder) and depressive symptoms are not interchangeable
terms. Identifying significant depressive symptoms, rather than
limiting studies to those restricting themselves to clinician-
ascertained major depressive episode alone, however, will
broaden the scope of this review and include more large-scale
epidemiological studies. Clinicians, also, will recognize the
importance of depressive (and other neuropsychiatric)
symptoms that are not severe enough to lead to a formal
syndromal diagnosis. A similar rationale was used to examine
dementia in a broad sense. Although AD is the most common
and best studied form of dementia, vascular and mixed etiologies
will not be excluded from our review as they contribute
significantly to the aforementioned epidemiological and clinical
problems (Alzheimer’s Disease International, 2013; Livingston et
al., 2017). Assessing the studies obtained will help identify the
gaps in our knowledge that may guide specific future research.
METHODS

Research Question
To define our research question, we used the Patient/Problem/
Population, Intervention, Comparator, Outcome or PICO
paradigm—a well-acknowledged framework for framing
healthcare and evidence questions, as well as a useful tool to
develop concrete questions in complicated and multifactorial
issues such as the one we set out to examine. Through a
systematic literature review, we studied “whether depressive
symptoms (I) in cognitively intact older adults (P) are
associated with a diagnosis of dementia later in life (O),
diagnosed using validated biomarkers or criteria, as compared
to nondepressed matched controls (C).”
February 2020 | Volume 11 | Article 34
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Design and Protocol
Using PRISMA as guidance (Moher et al., 2009), we included
human longitudinal, prospective cohort studies reporting on a
possible link between depression and depressive symptoms in the
elderly (older than 65 years of age) and later development of
dementia (not merely cognitive decline in a broader sense) in
statistical, and not merely narrative, terms. We did not include
case series or other designs to minimize bias, as prospective
studies are acknowledged to be less vulnerable to certain forms of
bias when ascertaining hazard and risk relationships, especially
over longer periods of time. Comparator groups were defined as
matched elderly subjects without depressive symptoms. We
included memory clinic as well as general community-based
population studies of the aforementioned types. No specific
length of follow-up was required. There were no restrictions on
diagnostic criteria nor rating scales used for detection of
depression or dementia, as long as they were clearly defined
and respected. We excluded studies ascertaining similar
problems in highly specific pathological situations, such as
Huntington’s disease, Down syndrome, or prion diseases. No
language or publication date restrictions were applied.

Medline and PsycINFO databases were searched in
November 2018 using combinations of the following terms we
identified through the PICO paradigm: depression (including
variant wordings such as “depressive symptoms” in MeSH),
dementia, Alzheimer, elderly, incidence, risk, hazard, cohort.
We subsequently added search terms containing clinical
diagnostic biomarkers such as magnetic resonance imaging
(MRI), positron emission tomography (PET), cerebrospinal
fluid (CSF), biomarkers, amyloid, tau, and neuropsychological
test/examination (see Supplementary Material Table for these
keywords and combinations used).

We collected and deduplicated references using EndNote
software (Clarivate Analytics). Titles and abstracts were
screened by carefully excluding publications irrelevant to our
research question (mainly in vitro studies, cross-sectional
designs, papers about highly specific other illnesses as
mentioned above, case studies…—i.e., publications clearly
incompatible with our inclusion criteria and research
question). Studies with possibly relevant contents were fully
read and considered for inclusion using the aforementioned
inclusion and exclusion criteria and preparing to resolve
possible conflicts on study inclusion or exclusion (which did
not occur) among the three authors by consensus. We further
screened the references of these articles for missed relevant
publications. All were evaluated for possible objective errors.
No studies found through PsycINFO were unlisted in Medline
searches. As such, all (n = …) refer to references obtained from
Medline. We used the Newcastle–Ottawa Scale (NOS) for cohort
studies to assess risk of bias (obtained from ohri.ca/programs/
clinical_epidemiology/oxford.asp) in prospective cohort studies.
RESULTS

Results are listed in Figure 1. Out of 1,656 search results, 1,601
titles and abstracts were excluded as clearly irrelevant. Fifty-five
Frontiers in Pharmacology | www.frontiersin.org 3
full articles were read and evaluated, of which 27 were excluded
according to our predefined inclusion criteria. In our final
assessment, 31 studies were included. We briefly mention
seven additional publications that looked at cognitive decline
sensu lato rather than dementia and five studies that included
many patients deemed too young as per our cutoff of 65 years.
Three papers by Wilson et al. (Wilson et al., 2003; Wilson et al.,
2014; Wilson et al., 2016) described similar cohorts and
neuropathological data and were merged into one additional
reference. One additional study was added through follow-up for
publication of an earlier abstract of interest the authors read at a
conference (Ezzati et al., 2019). Two other papers were included
from paper references. No data were extracted as we considered
the obtained papers to be too heterogeneous to perform
meta-analysis.

We grouped these references in five categories for review
purposes—noting that their main conclusions are not mutually
exclusive and many authors, indeed, suggest multiple
explanations for their findings. Critical assessment of the
papers’ numerical results as well as their authors’ main
interpretation thereof in the respective discussion sections was
used to classify the references in our different categories, as
discussed further in this section. Additional substantiation is
provided in the Supplementary Material.

A. Studies suggesting that depression is a risk factor for
dementia A1 (n = 7) and studies suggesting that depression
is not a risk factor for dementia or that they are linked
without reaching statistical significance A2 (n = 8)

B. Studies that suggest that depression is an early symptom or
prodrome of dementia (n = 10)

C. Studies that suggest that depression is both an early symptom
and a risk factor (n = 1)

D. Studies demonstrating an association between depression
and dementia, without clear conclusions concerning
potential causality [n = 3 (one reference for three related
papers)]

Results are listed by their aforementioned category in
Tables 1–4 (listing A1, A2, B, C&D).

Bias assessment using the NOS did not show any systematic
difference in biases between categories, with all studies scoring
relatively high on this design quality scale. We therefore
conclude this had little influence on our findings. Results and
additional comments are available in the Supplementary
Material Table.

These studies propose that depressive symptoms confer an
additional risk of a future development of dementia in
cognitively healthy elderly individuals. This view has to be
contrasted with the hypothesis that psychological symptoms
simply accentuate or temporarily cause cognitive deficits,
thereby accounting for that proportion of mild cognitive
impairment (MCI) patients who do not “convert” to dementia
but rather recover a normal cognitive status (Langa and Levine,
2014). Some studies (Irie et al., 2008; Ezzati et al., 2019) indeed
corrected for baseline emotional and cognitive scores to address
this possibility. We did not include studies evaluating the link
February 2020 | Volume 11 | Article 34
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between early-life (onset before 65 years of age) depression and
later dementia, even though this could be of interest to our
research question; indeed, other review efforts appear to suggest
this link (Ownby et al., 2006). Interestingly, several studies,
including the largest one (Burke et al., 2016) in this category,
suggest that dementia risk in people with depressive symptoms
increases further when corrected for classically biasing factors
such as age, education, or socioeconomic status, thus providing
an argument against the position that depressive symptoms and
dementia are linked solely through common risk factors and
justifying classification in category A1. This relation becomes
even stronger when associated with certain APOE genotypes, a
well-known genetic risk factor for AD—a finding also reported
by smaller samples (Irie et al., 2008; Kim et al., 2010).

Considering some of the proposed pathophysiological
mechanisms (chronic inflammation, glucocorticoid toxicity,
neuronal energetic dysregulation, etc.), a true biological risk
relationship would imply that more severe and/or long-
standing depression increases one’s chance of cognitive
deterioration due to a neurodegenerative or cerebrovascular
brain disease. Although some reports (Wilson et al., 2003; Gatz
et al., 2005; Saczynski et al., 2010; Langa and Levine, 2014) have
shown such a link, most studies use depressive symptoms as a
binary value (depressed–not depressed) and/or contain too many
individuals with mild depressive symptoms to really establish a
“dose–response” relationship of this kind. Furthermore, most
studies did not evaluate these proposed mechanisms (e.g.,
through blood or CSF analysis, functional or advanced
Frontiers in Pharmacology | www.frontiersin.org 4
imaging). It is etiologically difficult to disentangle depression
being a pure risk factor or an actual prodromal symptom of
dementia, especially during the 2- or 3-year follow-up of most
studies. However, some studies followed patients for up to 17
years and reported similar findings (Saczynski et al., 2010). One
strong argument for the true risk hypothesis would be clinical
trials indicating that successful treatment of major depressive
episodes lowers the incidence of (solidly diagnosed) degenerative
dementia. This is a controversial question, with multiple studies
of different (mainly pharmacological) treatments providing
conflicting results (Lee et al., 2016; Jacob et al., 2017; Almeida
et al., 2017; Chu et al., 2018; Brauer et al., 2019). We further note
that the successful treatment of clinical depression is a challenge
in itself, as only one in three patients respond to first-line
treatments and as many remain treatment resistant after
multiple treatments, a situation that may be even more
frequent in the elderly (Rush et al., 2006). Interestingly, some
authors have even suggested that anti-amyloid therapies may
have a role to play in treating late-life depressive syndromes
(Mahgoub and Alexopoulos, 2016). Nevertheless, the studies we
examined here fail to provide us with any additional evidence of
this sort.

These studies did not find an increased risk of dementia in
case of late-life depressive symptoms, as opposed to the first
group of studies. The authors’ point is generally based upon an
absence of significant findings or results that lose statistical
significance after correction for certain biasing factors. Some,
however, do establish a risk relationship in specific situations,
FIGURE 1 | Selection of studies included in this systematic review.
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e.g., in combination with sex or APOE genotype (Lindsay et al.,
2002; Kim et al., 2010). Others report an association with
depressive episodes earlier in life as opposed to current
symptoms (Pálsson et al., 1999; Geerlings et al., 2008). Several
studied rather small populations, and their relatively low
numbers of incident dementia cases may in itself account for a
negative result (Geerlings et al., 2008; Becker et al., 2009; Blasko
et al., 2010; Kim et al., 2010). This may also be the case for wide
confidence intervals [e.g., in Geerlings et al. (2008), 0.82–6.69].
Some of these did not find any significant risk factors for
dementia, apart from increasing age, which stands in apparent
conflict with what is generally accepted in dementia research
(Baumgart et al., 2015; Livingston et al., 2017) and quite possibly
suggests insufficient power. We note that one study (Kim et al.,
2010) reported an increased risk of dementia only for depressive
males carrying an APOE ϵ4 allele. Lindsay et al. (Lindsay et al.,
2002) looked only at syndromal (i.e., clinician-diagnosed)
depression, as opposed to most of the other studies that
utilized (self-reported) symptom scores. Two studies (41 and
Frontiers in Pharmacology | www.frontiersin.org 5
44) report on the same cohort. The population studied in
(Geerlings et al., 2008) was analyzed again in (Mirza et al.,
2016), which is category B and supports the prodrome
hypothesis (Table 3). Most population sizes in Table 2 are
smaller than those in other groups. In combination with other
factors, as mentioned above, we conclude that several of these
studies were probably underpowered to detect a connection and
do not formally nor decisively contradict the notion that
depressive symptoms and dementia are connected.

Considering that both neuropsychiatric illnesses may
manifest themselves epidemiologically as hazard increasing, it
can be difficult to distinguish between a causal risk factor and
prodromal symptom in the years leading up to a diagnosis of
dementia—as discussed above. Nevertheless, the authors in this
category found support in their findings for the latter hypothesis.
Several arguments in favor of this position are advanced by the
authors of these studies. These include an increasing symptom
burden over time (Mirza et al., 2016) and no effect of (the length
of) episodes occurring earlier in life as opposed to current and
TABLE 1 | (Category A1): Studies suggesting that depression is a significant risk factor for dementia.

Study Cohort N Mean
age
(SD)

%
Female

FU Depression
assessment

Diagnostic
criteria of
cognitive
decline

Incidence of
dementia

Risk? Risk adjustments

(Brodaty
et al.,
2012)

Community of
English
speaking
Australians

799 (480
NC, 319
MCI). 169
drop-outs

78
(4.7)

67.8% 2 years NPI Petersen
MCI, DSM-
IV Dementia

11 from MCI, 3
from NCI, too
small for
subtyping

OR 3.67 [1.1–
12.5]

No difference (age,
sex, education, NPI
score)

(Burke
et al.,
2016)

Prospective
UDS NACC:
80% White,
13% African,
6% Hispanic

11453 start,
8762 more
than 1 visit

71
(10.89)

65.2% Mean 3
years (1-10)

1) Recent 2)
Earlier 3)
Current
episode
(DSM-IV)

AD
NINCDS/
ADRDA

330 AD.
Subgroups not
clearly reported

1) HR 2.35
[1.88–2.94] 2)
HR 1.35 [1.06–
1.73] 3) HR 2.82
[2.21–3.59]

Stronger after
correction 1) HR 5.75
[3.28–10.07] 2) 3.20
[1.78–5.73] 3) HR
5.50 [3.09–9.64]

(Devanand
et al.,
1996)

Community in
Manhattan
30% White,
41% Latino
27% African

852 NC at
baseline,
478 one or
more FU
sessions

73
(7.1)

69.4% 1-5, mean
2.54 years
(1.12 SD)

HAM-D >10
and ‘mood’
item

DSM-III-R 61 cases, (21%
depressed vs
9% non), mostly
AD (2 other, 1
PSP)

RR 2.94 [1.7-
4.9]

Still significant (RR
2.05) after age,
education, Moderate
CI

(Ezzati
et al.,
2019)

Einstein Aging
study: Bronx
community,
65% white

1219 78
(5.4)
70+

62% Yearly visits
for 4.5
years (3.5
SD) up to
17 years

GDS-15 DSM-IV 132 cases, 111
AD

Per point HR
1.11 [1.03-1.19],
not significant
before 3 years

Age, sex, race,
education,
comorbidity and
baseline cognition
(BIMC)

(Irie et al.,
2008)

USA Japanese
in Hawaii

1932 76
(3.6)

0% 6.1 years
mean

CES-D > 9 DSM-III-R,
NINCDS/
ADRDA

6.3% (e4), 9.3%
(dep) 13.7%
(both) 4.2%
(neither)

Dementia HR
2.2 [1.3–3.7] AD
2.9 [1.4–5.9]

Classic risk factors
and self-reported
memory

(Saczynski
et al.,
2010)

Framingham
study:
prospective
community
cohort

949 79 (5) 63.6% Mean 8, up
to 17 years

CES-D > 16 DSM-IV,
CDR >1,
NINCDS/
ADRDA

164 cases (136
AD)

Dementia HR
1.72 [1.04–2.84]
AD 1.76 [1.03–
3.01]

Age, education,
homocysteine, APOE,
MCI

(Spira
et al.,
2012)

Oldest old
white (SOF
WISE)

302 87 (2)
> 85

100% 5 years
after
baseline

GDS-15 > 6 Petersen
MCI, DSM-
IV-TR
dementia

84 cases 65%
of GDS ≥6 &
37% < 6

MOR 3.15,
[1.03-9.65]

Risk factors, alcohol,
benzodiazepines
February 2020 |
Values in square brackets are 95% confidence intervals. p-values are under 0.05 unless otherwise specified. UDS-NACC, Uniform Data Set - National Alzheimer’s Coordinating Centre;
NC, Normal cognition; MCI, Mild Cognitive Impairment; SD, Standard Deviation; GDS, Geriatric Depression Scale; HAM-D, Hamilton Depression Rating Scale; NPI, Neuropsychiatric
Inventory; DSM, Diagnostic and Statistical Manual of Mental Disorders (American Psychiatric Association); FU, follow-up, NINCDS; National Institute of Neurological and Communication
Disorders and Stroke; ADRDA, Alzheimer’s Disease and Related Disorders Association criteria; CES-D, Centre for Epidemiological Studies Depression scale; BIMC, Blessed Information
Memory Concentration; CDR, Clinical Dementia Rating Scale; SOF-WISE, Study of Osteoporotic Fractures - Women; Cognitive Impairment Study of Exceptional Aging.
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recent symptoms (Fuhrer et al., 2003; Li et al., 2011). Others note
a clear temporal relationship of both illnesses around diagnosis
(Lenoir et al., 2011; Almeida et al., 2017) or a synergistic effect
with white matter pathology (Verdelho et al., 2013). Concerning
this last element especially, it is posited that in some proportion
of elderly patients, depressive symptoms actually represent the
organic effect of ongoing pathological processes (cerebrovascular
and/or neurodegenerative) on affect-modulating networks in the
brain (Thomas et al., 2002).

One must also consider here the possibility that depressive
symptoms could be a reaction to patients’ awareness of cognitive
decline and thereby frequently manifest during prodromal and
early stages of dementia. Several authors, however, reported no
clear effect of baseline cognition and emotional symptoms to later
dementia (Chen et al., 1999; Geerlings et al., 2000; Fuhrer et al.,
2003; Irie et al., 2008; Li et al., 2011; Mirza et al., 2016; Ezzati et al.,
2019), providing a solid argument against this position.
Furthermore, other studies have reported that no clear or
ubiquitously negative reaction to dementia in recently diagnosed
subjects can be demonstrated (Carpenter et al., 2008). We
therefore hypothesize that, even though this may occur in
everyday clinical situations (e.g., someone worrying about future
cognitive decline, possibly due to contact with the dementing
illness of a relative), a negative affective response to noticing one’s
Frontiers in Pharmacology | www.frontiersin.org 6
own decline alone cannot explain the association between
depressive symptoms and dementia in all patients. Future and
ongoing studies like the ABIDE project (van Maurik et al., 2019)
will be of help to shed further light upon this association.

These studies propose multiple explanations or more complex
associations between depression and dementia. Ganguli et al.
(2006) (studying the same cohort as Chen et al. (1999) in category
B, Table 3) hypothesized that, while depressive symptoms are
indeed cross-sectionally associated with cognitive symptoms, they
were unrelated to later cognitive decline, while noting that
increasing cognitive symptoms associated with depression likely
represent incipient dementia. Kaup et al. (Kaup et al., 2016)
described that increasing severity of depressive symptoms on
repeated assessments, rather than a one-time scoring, was
associated with increased risk of dementia, thereby lending
support to both risk factor and prodromal hypotheses. Luppa
et al. (2013), through multiple interaction models, show that only
major depressive episodes (i.e., depression in the strict sense)
seem to increase risk of dementia as opposed to milder depressive
symptoms whose effect disappears in multivariate analyses.

Wilson et al. (2003; 2014; 2016) have published three
interesting studies. Their 2003 paper showed that, in a group
of 130 elderly religious order members, each increase
in depressive symptomatology increased the risk of being
TABLE 2 | (Category A2): Studies not suggesting that depression is a significant risk factor for dementia.

Study Cohort N Mean age
(SD)

% Female FU Depression
assessment

Diagnostic
criteria of
cognitive
decline

Incidence of
dementia

Risk? Adjustments

(Becker
et al.,
2009)

CHS-CS
Pittsburgh
community

288 78 (3.65) 63% 7.1
years
(1–9)

CES-D >10 3MSE, DSM-
IV, NINCDS/
ADRDA

48, all AD None found All kinds of risk
factors in CHS
study

(Blasko
et al.,
2010)

VITA – 2
Vienna districts

331 never
depressed
undemented

76 (0.5) 56.5% 0 – 2.5
– 5
years

DSM-IV, sGDS NINCDS/
ADRDA

33 Serum Ab42,
male gender,
age were risks

Multivariate
logistic
regression
analyses

(Geerlings
et al.,
2008)

Rotterdam
population
Scan Study

486 74 (6.5) 49% 5.9
years
(1.5
SD)

Interview-based
(early vs. late
(60y)) CES-D
16

CAMDEX and
standard
criteria

33 AD EARLY history
of depression
risk factor

MRI volumetrics
and WML

(Kim et al.,
2010)

Korean
community
survey

518 72 (5) 65+ 54.4% 2.4
years

Korean GDS Standard
criteria

45 (34 AD, 7
VaD, 4 other)

Strong risk of
dep + APOE
men (cf. Irie)

Vascular risk
factors, APOE

(Lindsay
et al.,
2002)

Prospective
Canadian
Health & Aging
study

4609 Cases 87
Controls
78 (70–
100)

58% 5 years
after
initial
visit

DSM-III-R (no
symptoms
only)!

NINCDS-
ADRDA, DSM-
III, NINDS-
AIDEN

194 AD, 527
MCI and
‘other’
dementias

Age,
education,
APOE

Reduction by
wine, coffee,
NSAIDs,
exercise,…

(Mossaheb
et al.,
2012)

VITA – 2
Vienna districts

437 (296 at
60 months)

never
depressed

76 (0.5) 55% 60
months

DSM-IV-TR
questionnaire,
HDRS, sGDS

NINCDS-
ADRDA

65 (AD) OR 5.27 [1.62-
17.2] for loss
of interest only

Risk factors,
biochemical
parameters,
APOE

(Pálsson
et al.,
1999)

Gothenburg
census of 85
year olds

227 healthy
and 62

depressed

85 years
old at
baseline

Not
explicitly
stated in
subgroups

3 years DSM-III-R,
history and
records

Not clearly
stated, MMSE

50 cases Only early
onset MDD

CT volumetrics

(Vinkers
et al.,
2004)

Leiden (NL) 85
year olds

500 (298 4th

year)
85 years
old at
baseline

63% Yearly
for 4
years

GDS-15 MMSE,
Stroop, LDCT,
12 Word
Recall

Not explicitly
stated

Correlation but
no risk of
decline

Mixed models
Febru
ary 2020 | Volum
3MSE, Modified Mini Mental State Examination; WML, White Matter Lesions; AIDEN, Association Internationale pour la Recherche et l’Enseignement en Neurosciences; MDD, Major
Depressive Disorder; LDCT, Letter Digit Coding Test.
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diagnosed with AD. However, this did not seem to correlate well
with the burden of AD neuropathology at autopsy, leading the
authors to conclude that some other mechanism must drive the
association between depression and dementia. They confirmed
this finding in an expanded cohort of 1,750 people, 600 of whom
underwent neuropathological examination, and again in a third
paper. They found no support for depression being merely a
psychological reaction to incipient cognitive decline but
confirmed the association between depressive symptomatology
and later dementia. They hypothesized that some mechanism,
independent of the postmortem hallmarks of AD (i.e., plaques
and tangles), must drive the association between depression and
cognitive decline. Exactly what drives this intriguing finding
remains to be elucidated in future studies. These should include
newer biomarkers, as guided by fundamental scientific insights.

An amyloid-PET-based study has yielded similar results (i.e.,
showing no clear link with amyloid pathology) when evaluating
Frontiers in Pharmacology | www.frontiersin.org 7
hippocampal atrophy in a cohort of depressed people and matched
controls (De Winter et al., 2017), even though others have pointed
out that amyloid-positive individuals do have a tendency to
progressively manifest more neuropsychiatric symptoms
(Harrington et al., 2017; Donovan et al., 2018). It is clear that
further research efforts could and should use the newer antemortem
diagnostic techniques (e.g., LP and/or PET) to add to these findings.
DISCUSSION

Our systematic literature review yielded no conclusive arguments
in support of or contradicting the exact nature of the etiological
relationship between depression and dementia. Multiple studies,
however, contain convincing arguments for the respective
position on this topic (A1, A2, B, C, D) that their authors
defend. Some issues raised in the Results section of category
TABLE 3 | (Category B): Studies suggesting that depression is a prodromal symptom of dementia.

Study Cohort N Mean
age
(SD)

%
Female

FU Depression
assessment

Criteria for
cognitive
decline

Incidence Risk? Adjustments

(Almeida
et al.,
2017)

Health in
Men
(Western
Australia)

4922 77
(3.7)
71-89

0% 8.9 mean,
up to 14
years

sGDS-15, history,
health record

Healthcare
records coding

903 cases
(18%)

aSHR: Ever 1.3
[1.2-1.7] Past 1.3
[1.0-1.6] Current
1.5 [1.2-2.0]

Antidepressant use,
stroke, risk factors.
ONLY in the first 5
years

(Chen
et al.,
1999)

MoVIES
cohort USA
97% white

954 65-85 54.6% 8 years
with 2
yearly
intervals

mCES-D NINCDS-
ADRDA, DSM-
III, CERAD

78 (61 AD) ‘Reverse’ risk Age, sex,
education, self-
reported cogn.

(Fuhrer
et al.,
2003)

Aquitaine
France
community

3777
(1500
at year
8)

75 (7)
65+

58.3% 8 years (1,
3, 5, 8)

CES-D (men 17
women 23)!

NINCDS-
ADRDA, DSM-
III-R, Hachinski

280 cases
(200 AD)

OR men 3.5 [1.9–
6.5] Women [1.2
0.7–2.0]

Hypertension in
men 50% additional
risk

(Gatz et
al., 2005)

Manitoba
Canada
Community

766 75 (6)
65+

61.7% 5 years CES-D (> 16 and
other values)

Standard
Criteria

56 (36 AD) AD OR 2.75 [1.04–
7.24] Dementia
2.37 [1.02–5.54)

Not earlier reported
depression, not
duration of
symptoms

(Geerlings
et al.,
2000)

Two
Netherlands
cohorts

1911
+
1894

73 (5)
and
70 (8)

62.3%
and
52.9%

4 years GMSS and CES-D
respectively

“3 point MMSE
drop” and
criteria

53 AD
AMSTEL

aOR >8y educated
5.3 [1.8-15]

Age, gender,
education,
psychiatric

(Lenoir
et al.,
2011)

Three
French Cities
(3C Study)

7989 74 (5)
65+

61% 2 times 2
years

MDE-MINI (DSM
IV), CES-D

NINCDS-
ADRDA, DSM-
IV, Hachinski,
AIREN

180 AD, 24
Vasc Dem,
29 mixed, 43
various

Dementia HR 1.5
[1.2–2.2] Vascular
4.8 [2.2–10.7

Risk factors and
age, MRI WML, not
earlier episodes

(Li et al.,
2011)

Seattle ACT
study

3410 75 (6)
65+

60% 7.1
average,
Biennially
up to 15
years

CES-D-11, history
of past episodes

CASI, DSM-IV,
NINCDS-
ADRDA

658: 386 AD,
89 Vasc, 113
mix, 70 other

All cause aHR 1.61
[1.29- 2.01]

Age, gender,
education, baseline
CASI

(Mirza
et al.,
2016)

Rotterdam
community
scan study

3325 74.88
(IQR
71–
80)

60% 3 times in
10 years

CES-D, HADS-D –

3 trajectories!
MMSE, GMS,
CAMDEX, DSM-
III-R, NINCDS-
ADRDA

434 dementia
– 348 AD, 26
Vasc, 60
other

Increasing trajectory
dementia HR 1.42
[1·05–1·94]

Age, sex, APOE,
education,
medication, risk
factors, cognition

(Palmer
et al.,
2007)

Stockholm
community-
based

185
(+47
MCI)

84 (5)
75-95
years

84.9% 3.4 years
(0.6 SD)

Comprehensive
Psychopathological
Rating Scale

DSM-III-R,
NINCDS-
ADRDA

10 AD 7
dementia in
healthy

AD RR 1.9 [1.0-3.6]
per mood symptom

Corrected for age,
sex, education.
Anxiety in MCI

(Verdelho
et al.,
2013)

LADIS study
of WML
(clinic finding
based)

639 74.1
+- 5y

55% 3 times
annually

sGDS NINCDS-
ADRDA/AIREN

34 AD, 54
VD, 2 FTLD

GDS HR 2.4 [1.4
3.99]

Risk factors.
Previous depression
not significant
February 2020 | Vo
aSHR, Adjusted sub-hazard ratio; CERAD, Consortium to Establish a Registry for Alzheimer’s Disease; GMSS, Geriatric Mental State Schedule; MDE-MINI, Major Depressive Disorder part
of the Mini International Neuropsychiatric Interview; CASI, Cognitive Abilities Screening Instrument; IQR, Interquartile Range; WML, White Matter Lesions.
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A2 (“not a risk factor”), however, cast doubt on the power several
of these studies to detect connections (or their absence). We
deem it unlikely that there should be no connection at all, or that
everything can be explained by subjects’ emotional responses to
incipient decline. We therefore conclude that depressive
symptoms may be both a risk factor for and a prodromal
symptom to dementia. They may sometimes be coincidental
and/or stem from shared risk factors in the elderly. Exactly what
mechanism(s) drive(s) this pathophysiological association
remain(s) unclear and could not be elucidated by this
systematic review. Limitations of our effort in this sense will be
discussed in the next section of this article.

Multiple studies were excluded from our main results as they
examined the relationship between depressive symptoms and
cognitive decline, variously defined (Dufouil et al., 1996; Bassuk
et al., 1998; Yaffe et al., 1999; Wilson et al., 2004; Barnes et al.,
2006; Geda et al., 2014; Ritchie et al., 2016). Due to this
heterogeneous construct (rather than the binary dementia–no
dementia), these studies did not answer our research question.
They remain, however, certainly of interest of the broader
research area we considered in the Introduction section. Since
these studies contain useful information for investigators looking
into the cognitive effects of depression, they are listed here for
further reading. Five of them report an increased risk of cognitive
decline among depressed elders (Yaffe et al., 1999; Wilson et al.,
2004; Barnes et al., 2006; Geda et al., 2014; Ritchie et al., 2016),
whereas two of them do not (Dufouil et al., 1996; Bassuk
et al., 1998).

As we wanted to study the interaction between late-life
depression and dementia, studies including a large proportion of
subjects younger than 65 years of age were excluded. Indeed,
dementia is rare in this age group, and early- versus late-onset
depression may differ clinically (Hall and Reynolds-Iii, 2014). As
mentioned before (Ownby et al., 2006), some of these studies
suggest that [severe (Simões do Couto et al., 2016)] early-life
depressive episodes appear to have an “additive” effect on
Frontiers in Pharmacology | www.frontiersin.org 8
dementia risk, supporting depression as a causal factor or related
to the same underlying pathology, such as vascular disease (Van
Uden et al., 2016). Dal Forno et al. (2015) and Köhler et al. (2011)
reported similar findings, albeit in older populations. These
findings may be relevant to our review question and often imply
a causal role for depression and depressive symptoms, much like
the studies in Table 1. Even though the studies mentioned cannot
be included in our systematic review, given our inclusion criteria,
we briefly refer to these studies here (Dotson et al., 2010; Köhler et
al., 2011; Dal Forno et al., 2015; Simões do Couto et al., 2016; Van
Uden et al., 2016), as most do appear to support a link between
depressive symptoms and dementia.

Neuropsychiatric symptoms in the elderly are common,
pervasive, and incapacitating. In the search for validated
biomarkers of (later) dementia, simple and cheap interventions,
such as a structured mental health assessment or a quick screening
tool for depressive symptoms, may complement expensive and/or
invasive tools like imaging and laboratory tests in determining
individual patients’ risk profile. Hopefully, these can in turn lead to
tailored risk mitigation strategies for individuals at risk that can be
implemented on a large scale. Future research should aim at
identifying novel techniques that are able to identify those
depressed elders at high risk for “conversion” to dementia. There
may be a role to play in unraveling this connection for certain
issues raised in the papers we discussed. The effects of gender,
genetics, cerebrovascular disease and inflammation, upon the
interaction between depressive symptoms and (certain types of)
dementia should be studied further using a combination of large
datasets and modern technology. We believe that these areas of
study may yield clues to understand the actual pathophysiological
mechanisms driving the association between mood symptoms and
cognitive decline and in turn guide future trials.

We hypothesize that newer diagnostic techniques—in vivo
biomarkers through CSF analysis, targeted molecular imaging
through positron emission tomography techniques, advanced
(magnetic resonance) imaging analysis—unavailable during
TABLE 4 | (Categories C & D): Studies suggesting both or neither.

Study Cohort N Mean
age (SD)

%
Female

FU Depression
assessment

Diagnostic cri-
teria of cogni-
tive decline

Incidence Risk? Adjustments

(Ganguli et al., 2006) MoVIESBlue-
collar rural
U.S.A

1265 75 (5) 60.8% Biannually
for 12
years

mCES-D CERAD, DSM-
III-R

171 cases of
dementia

Multiple interaction
models finding no
long-term
association

Classic risk
factors

(Kaup et al., 2016) HABC
Study, mixed
USA

2488 74 (2.4) 53% 4 years CES-D-10
and
‘trajectories’

Records,
medication,
MMS decline

353 cases of
dementia

High and increasing
trajectory

Demographic
and health
factors,
cognition

(Luppa et al., 2013) LEILA 75+
Study

1265 75 years
and older,
mean 81

73% Every 1.5
years over
8 years

CES-D SIDAM - DSM
IV

183 cases of
dementia

Only for MD in
multivariate

Classic risk
factors

(Wilson et al., 2003;
Wilson et al., 2014;
Wilson et al., 2016)

Different
prospective
cohorts

130/
1750/
1965

76 (7.5) in
3rd study

73.8% Differing
per
cohort/
paper

CES-D DSM-III,
NINCDS-
ADRDA,
Pathological
criteria

346 cases of
dementia in
largest cohort

Cfr. text discussion. Cfr. text
discussion.
Fe
bruary 2020 | Volume
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many of the prospective study periods of the cohort studies we
cited—may facilitate in this effort in overcoming the shortcomings
of existing studies. The studies we included are mainly based on
cohorts from years or even decades ago, when much fewer (para)
clinical diagnostic tools were available. By increasing diagnostic
accuracy and concordance with pathological diagnoses, disease-
specific mechanisms may be identified more easily as compared to
the more heterogeneous cohorts described above.We theorize that
these techniques may facilitate an early identification of those
depressed elders at an especially high risk of developing
degenerative dementia. Second, future trials should examine
whether and which treatments in the depressive elderly—with or
without evidence of preclinical or prodromal neurodegeneration—
may mitigate their risk of later dementia.
LIMITATIONS AND HETEROGENEITY

-Of the Studies Included
It is technically and ethically impossible to conduct a
randomized, controlled trial to study the association between
depression and dementia. Therefore, conclusions are based on
observational studies. This means that the highest levels of
evidence quality are not met. This is especially relevant when
taking heterogeneity across studies into account in conducting
systematic reviews and meta-analyses. We note that most studies
are of similar quality when assessed using the NOS (see
Supplementary Material). We therefore deem it unlikely that
specific types of systematic bias in study design (apart from
some concerns raised over the “negative” studies in Category A2)
have influenced the categorization of studies and/or our
general conclusions.

Related to the Diagnosis of Dementia
Dementia diagnoses were based on Diagnostic and Statistical
Manual of Mental Disorders (DSM) (be it III or IV, revised or
not) criteria in all but two studies (Kaup et al., 2016; Almeida
et al., 2017), which relied on healthcare records and coding,
prescription of cholinesterase inhibitors, and other “indirect”
signs of a dementia diagnosis in their cohorts. AD diagnosis—if
evaluated separately—was similarly based on National Institute
of Neurological and Communicative Disorders and Stroke and
the Alzheimer’s Disease and Related Disorders Association
(NINCDS-ADRDA) criteria in most studies. Of note, almost
no studies included additional “objective” biomarkers of AD or
other dementias, which added to the heterogeneity of the
investigated populations. The relatively low etiological
diagnostic accuracy of non-biomarker-based clinical diagnostic
criteria alone does not help this issue (Elahi and Miller, 2017). A
minority of studies employed DNA analysis—mainly for APOE
genotyping (Lindsay et al., 2002; Irie et al., 2008; Kim et al., 2010;
Saczynski et al., 2010; Mossaheb et al., 2012; Mirza et al., 2016).
While most criteria for “dementia” as such are quite clear, there
are of course multiple causes for this clinical syndrome, and
several studies do not formally differentiate between AD and
other causes of dementia, very probably contributing to less clear
Frontiers in Pharmacology | www.frontiersin.org 9
results and precluding conclusions about specific types of
dementia and their possible association with depressive
symptoms. These issues may have influenced study findings
and the conclusions of this systematic review.

Depression Measures
It is of interest to researchers and clinicians to differentiate
between several elements of the depressive syndrome
(anhedonia, low positive affect, motivational symptoms,
vegetative or melancholic symptoms,…) to elucidate the role
they have in causing clinical overlap between multiple disease
states in the elderly: medical illness and pharmacological effects,
major depression, apathy, incipient dementia, etc. (Hall and
Reynolds-Iii, 2014). Rating scales differ in their focus on/
attributing points to these elements of the depressive syndrome.

Fourteen studies used the Centre for Epidemiological Studies–
Depression (CES-D) self-rating scale for assessing depressive
symptoms at a given moment. Nevertheless, even they differ in
the cutoff values used (e.g., 16, 11, 10, or 9 points); two studies use
a modified scale, some use different cutoff values for men and
women, while others did not. No less than nine other scales and
evaluations were used, with or without a “regular” clinical
psychiatric assessment of depression (generally based on DSM
criteria). Ascertaining past episodes of depression was even
harder due to recall bias and a general lack of recognition of
multiple depressive symptoms and episodes in the general
population (Patten, 2003). Although some of the included
studies examined specific symptom trajectories of depression,
most use a one-time screening tool inquiring about symptoms in
the last few days or weeks, which is probably inadequate to
distinguish true depression from subsyndromal depressive
symptoms. This limits strong conclusions about what kind
and/or severity of depressive symptoms are specifically related
to future dementia and should, therefore, be actively identified
and/or treated by clinicians.

Populations
Studied populations were relatively heterogeneous across cohorts.
Participants’ age was similar in most studies, with some studies
focusing on the oldest old (Pálsson et al., 1999; Vinkers et al.,
2004; Palmer et al., 2007). While a general female preponderance
in studies of the elderly is to be expected and was indeed seen in
most studies, some (29 and 47) looked at men only, with one
(Spira et al., 2012) having an all-women cohort. Most (if not all)
of these studies were conducted in the industrialized world. They
do, however, contain populations from different continents and
multiple ethnic backgrounds in rural as well as urban cohorts.
Whether study findings can be extrapolated on a cross-cultural or
global scale remains an open question.

Risk Analysis and Prospective Studies
While almost all studies corrected their results (concerning risk
of developing dementia) for potentially confounding variables,
almost none used an exactly identical list of confounders. Given
that depressive symptoms and dementia are both common and
have overlapping risk factors (e.g., socioeconomic status),
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this lack of uniformity across studies further hampers the
disentanglement of causal relationships.

As in all epidemiological studies, and especially those in old
age, attrition bias (due to loss of follow-up, intercurrent illness, or
death) is significant. Furthermore, multiple authors have suggested
that dropped-out participants are more likely to suffer from
depression and/or dementia (Brayne et al., 1999), possibly
attenuating the risk found in study “survivors.” Moreover,
several authors have pointed out that people with depressive
symptoms have more comorbid medical illnesses and die earlier
(which is also true for people with dementia) (Almeida et al.,
2010). We hypothesize that this attrition bias may underestimate
some risk relationships and could produce false-negative results.

-Limitations of This Review
As can be expected from examining the complex association
between depressive symptoms and dementia, major
methodological differences exist between studies. There are
profound and significant differences concerning the populations
studied, diagnostic evaluations used, follow-up frequency and
duration, corrections for bias, etc. These inconsistencies add to
the difficulty of answering our research question (i.e., depression
being a cause, effect, both, neither,… of dementia) that is in itself
challenging to answer using prospective studies. Grouping studies
and data that are this heterogeneous are a major limitation of the
existing data. This also complicates hypothetical statistical analyses
of data extracted from these studies.

We do not provide here a complete list of excluded studies,
did not do the initial searches in duplicate, and cannot exclude
any human errors in selection. Since the link between depression
and dementia is a hotly debated one, with publications
supporting multiple causal hypotheses, we do not think that
(positive) publication bias has a major impact on our findings,
although we cannot formally exclude this. We did not search all
of the available literature databases, although it is unlikely they
should have yielded important studies unlisted in Medline (as
illustrated by our lack of additional findings in PsycINFO).
CONCLUSIONS AND FUTURE
PERSPECTIVES

Despite our clear initial research question, this systematic review
did not provide a single answer to the question of how depressive
symptoms and later dementia are related. According to our review
effort, grouping multiple large studies that provide conflicting
results, it remains unclear whether depressive symptoms in the
elderly are a risk factor for or a prodromal symptom of dementia.
They still may be related mainly through common causal factors,
e.g., aging or vascular disease. It seems unlikely that they are not at
all related, or only in an indirect way–for example, evidence does
not support the hypothesis that a negative emotional response to
incipient cognitive symptoms alone can explain the connection
between depressive symptoms and dementia.

Several interesting issues raised in some of the studies included,
although outside the scope of this review, also deserve further
Frontiers in Pharmacology | www.frontiersin.org 10
evaluation. These include but are not limited to the role of gender
and genetic factors, systemic inflammation and cerebrovascular
disease, different etiologies of dementia developed (utilizing recent
advances in pathological classification), the nature and severity of
symptoms, in modulating the odds of developing dementia in
depressive elders.

We deduce from this systematic review that depressive
symptoms can be an independent risk factor for as well as a
prodromal manifestation of dementia. In some cases, they may
both stem from common risk factors such as cerebrovascular
disease. In others, they may not have causal connections at all
and simply occur together by chance—as two separate yet
prevalent neuropsychiatric diseases with overlapping and
prevalent risk factors. It remains, on the basis of these findings,
challenging to identify those depressed elders at an increased risk
of later dementia in clinical practice and, by extension, who
would benefit from specific interventions to attenuate this risk.

Therefore, further research is needed to unravel the association
between depression and dementia. Preferentially, this research
should use a large database to have sufficient statistical power to
determine which risk factors–possibly a combination of clinical
characteristics and biomarkers, hardly available at all in the studies
we examined—increase the risk of conversion to dementia in the
depressed elderly. These risk factors should subsequently be
validated in prospective, longitudinal clinical studies including
elders with and without depressive symptoms in whom clinical,
biochemical, and neuropsychological follow-up will decipher
which (sub)group later develops cognitive deterioration and
dementia. These risk factors can then be incorporated into a
clinically useful risk score, of paramount importance for future
efforts in the prevention of dementia—and therefore of interest to
clinicians, researchers, and patients worldwide.
AUTHOR CONTRIBUTIONS

WW, CB, and SE conceived the idea for this manuscript. WW
performed the database searches and wrote the first drafts. CB
and SE critically reviewed and commented on these drafts. All
authors contributed to manuscript revision. All authors read and
approved the submitted version.
FUNDING

This work was supported by the Geneeskundige Stichting
Koningin Elisabeth/Fondation Médicale Reine Elisabeth. WW
is a PhD fellow of the Research Foundation Flanders (FWO-
Vlaanderen, grant no. 11E8620N).
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fphar.2020.
00034/full#supplementary-material
February 2020 | Volume 11 | Article 34

https://www.frontiersin.org/articles/10.3389/fphar.2020.00034/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2020.00034/full#supplementary-material
https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles


Wiels et al. Depression and Dementia
REFERENCES

Alexoupoulos, G. S., Meyers, B. S., Young, R. C., Mattis, S., and Kakuma, T. (1993).
The course of geriatric depression with “reversible dementia”: a controlled
study. Am. J. Psychiatry 150 (11), 1693–1699. doi: 10.1176/ajp.150.11.1693

Almeida, O. P., Alfonso, H., Hankey, G. J., and Flicker, L (2010). Depression
antidepressant use and mortality in later life: the health in men study. PloS One
5 (6), e11266. doi: 10.1371/journal.pone.0011266

Almeida, O. P., Hankey, G. J., Yeap, B. B., Golledge, J., and Flicker, L. (2017).
Depression as a modifiable factor to decrease the risk of dementia. Transl.
Psychiatry 7 (5), e1117. Published 2017 May 2. doi: 10.1038/tp.2017.90

Alzheimer’s Disease International (2013). The Global impact of Dementia 2013-
2050 – Policy Brief for Heads of Government. London: Alzheimer’s Disease
International.

Barnes, D. E., and Yaffe, K. (2011). The projected effect of risk factor reduction on
Alzheimer’s disease prevalence. Lancet Neurol. 10 (9), 819–828. doi: 10.1016/
S1474-4422(11)70072-2

Barnes, D. E., Alexopoulos, G. S., Lopez, O. L., Williamson, J. D., and Yaffe, K.
(2006). Depressive symptoms, vascular disease, and mild cognitive
impairment: findings from the cardiovascular health study. Arch. Gen.
Psychiatry 63 (3), 273–279. doi: 10.1001/archpsyc.63.3.273

Bassuk, S. S., Berkman, L. F., and Wypij, D. (1998). Depressive symptomatology
and incident cognitive decline in an elderly community sample. Arch. Gen.
Psychiatry 55 (12), 1073–1081. doi: 10.1001/archpsyc.55.12.1073

Baumgart, M., Snyder, H. M., Carrillo, M. C., Fazio, S., Kim, H., and Johns, H.
(2015). Summary of the evidence on modifiable risk factors for cognitive
decline and dementia: a population-based perspective. Alzheimer’s Dementia.
11 (6), 718–726. doi: 10.1016/j.jalz.2015.05.016

Becker, J. T., Chang, Y. F., Lopez, O. L., Dew, M. A., Sweet, R. A., Barnes, D., et al.
(2009). Depressed mood is not a risk factor for incident dementia in a
community-based cohort. Am. J. Geriatr. Psychiatry 17 (8), 653–663. doi:
10.1097/JGP.0b013e3181aad1fe

Bennet, S., and Thomas, A. J. (2014). Depression and dementia: cause,
consequence or coincidence? Maturitas 79 (2), 184–190. doi: 10.1016/
j.maturitas.2014.05.009

Blasko, I., Kemmler, G., Jungwirth, S., Wichart, I., Krampla, W., Weissgram, S.,
et al. (2010). Plasma amyloid beta-42 independently predicts both late-onset
depression and Alzheimer disease. Am. J. Geriatr. Psychiatry 18 (11), 973–982.
doi: 10.1097/JGP.0b013e3181df48be

Brauer, R., Lau, W. C. Y., Hayes, J. F., Man, K. K. C., Osborn, D. P. J., Howard, R.,
et al. (2019). Trazodone use and risk of dementia: A population-based cohort
study. PloS Med. 16 (2), e1002728. Published 2019 Feb 5. doi: 10.1371/
journal.pmed.1002728

Brayne, C., Spiegelhalter, D. J., Dufouil, C., Chi, L.-Y., Dening, T. R., Paykel, E. S.,
et al. (1999). Estimating the true extent of cognitive decline in the old old. J.
Am. Geriatrics Soc. 47, 1283–1288. doi: 10.1111/j.1532-5415.1999.tb07426.x

Brodaty, H., Heffernan, M., Draper, B., Reppermund, S., Kochan, N. A., Slavin,
M. J., et al. (2012). Neuropsychiatric symptoms in older people with and
without cognitive impairment. J. Alzheimers Dis. 31 (2), 411–420. doi: 10.3233/
JAD-2012-120169

Burke, S. L., Maramaldi, P., Cadet, T., and Kukull, W. (2016). Associations
between depression, sleep disturbance, and apolipoprotein E in the
development of Alzheimer’s disease: dementia. Int. Psychogeriatr. 28 (9),
1409–1424. doi: 10.1017/S1041610216000405

Byers, A. L., and Yaffe, K. (2011). Depression and risk of developing dementia.
Nat. Rev. Neurol. 7 (6), 323–331. Published 2011 May 3. doi: 10.1038/
nrneurol.2011.60

Carpenter, B. D., Xiong, C., Porensky, E. K., Lee, M. M., Brown, P. J., Coats, M.,
et al. (2008). Reaction to a dementia diagnosis in individuals with Alzheimer’s
Disease and mild cognitive impairment. J. Am. Geriatrics Soc. 56, 405–412. doi:
10.1111/j.1532-5415.2007.01600.x

Chen, P., Ganguli, M., Mulsant, B. H., and DeKosky, S. T. (1999). The temporal
relationship between depressive symptoms and dementia: a community-based
prospective study. Arch. Gen. Psychiatry 56 (3), 261–266. doi: 10.1001/
archpsyc.56.3.261

Chu, C.W., Chien, W. C., Chung, C. H., Chao, P. C., Chang, H. A., Kao, Y. C., et al.
(2018). Electroconvulsive therapy and risk of dementia-a nationwide cohort
study in Taiwan. Front. Psychiatry 9, 397. doi: 10.3389/fpsyt.2018.00397
Frontiers in Pharmacology | www.frontiersin.org 11
Dal Forno, G., Palermo, M. T., Donohue, J. E., Karagiozis, H., Zonderman, A. B.,
and Kawas, C. H. (2015). Depressive symptoms, sex, and risk for Alzheimer’s
disease. Ann. Neurol. 57, 381–387. doi: 10.1002/ana.20405

De Winter, F.-L., Emsell, L., Bouckaert, F., Claes, L., Jain, S., Farrar, G., et al.
(2017). No association of lower hippocampal volume with Alzheimer’s disease
pathology in late-life depression. Am. J. Psychiatry 174 (3), 237–245. doi:
10.1176/appi.ajp.2016.16030319

Devanand, D. P., Sano, M., Tang, M.-X, Taylor, S., Gurland, B. J., Wilder, D., et al.
(1996). Depressed mood and the incidence of Alzheimer’s disease in the elderly
living in the community. Arch. Gen. Psychiatry 53 (2), 175–182. doi: 10.1001/
archpsyc.1996.01830020093011

Donovan, N. J., Locascio, J. J., Marshall, G. A., Gatchel, J., Hanseeuw, B. J., Rentz,
D. M., et al. (2018). Longitudinal association of amyloid beta and anxious-
depressive symptoms in cognitively normal older adults. Am. J. Psychiatry 175
(6), 530–537. doi: 10.1176/appi.ajp.2017.17040442

Dotson, V. M., Beydoun, M. A., and Zonderman, A. B. (2010). Recurrent
depressive symptoms and the incidence of dementia and mild cognitive
impairment. Neurology 75 (1), 27–34. doi: 10.1212/WNL.0b013e3181e62124

Dufouil, C., Fuhrer, R., Dartigues, J. F., and Alpérovitch, A. (1996). Longitudinal
analysis of the association between depressive symptomatology and cognitive
deterioration. Am. J. Epidemiol. 144 (7), 634–641. doi: 10.1093/
oxfordjournals.aje.a008974

Elahi, F. M., and Miller, B. L. (2017). A clinicopathological approach to the
diagnosis of dementia. Nat. Rev. Neurol. 13 (8), 457–476. doi: 10.1038/
nrneurol.2017.96

Enache, D., Winblad, B., and Aarsland, D. (2011). Depression in dementia:
epidemiology, mechanisms, and treatment. Curr. Opin. Psychiatry 24 (6),
461–472. doi: 10.1097/YCO.0b013e32834bb9d4

Ezzati, A., Katz,, M. J., Derby, C. A., Zimmerman, M. E., and Lipton, R. B. (2019).
Depressive symptoms predict incident dementia in a community sample of
older adults: results from the einstein aging study. J. Geriatric Psychiatry
Neurol. 32 (2), 97–103. doi: 10.1177/0891988718824036

Fuhrer, R., Dufouil, C., Dartigues, J. F., and For The PAQUID Study. (2003).
Exploring sex differences in the relationship between depressive symptoms and
dementia incidence: prospective results from the PAQUID Study. J. Am.
Geriatrics Soc. 51, 1055–1063. doi: 10.1046/j.1532-5415.2003.51352.x

Ganguli, M., Du, Y., Dodge, H. H., Ratcliff, G. G., and Chang, C.-C. H. (2006).
Depressive symptoms and cognitive decline in late life: a prospective
epidemiological study. Arch. Gen. Psychiatry 63 (2), 153–160. doi: 10.1001/
archpsyc.63.2.153

Gatz, J. L., Tyas, S. L., St John, P., and Montgomery, P. (2005). Do depressive
symptoms predict Alzheimer’s disease and dementia? J. Gerontol A Biol. Sci.
Med. Sci. 60 (6), 744–747. doi: 10.1093/gerona/60.6.744

Geda, Y. E., Roberts, R. O., Mielke, M. M., Knopman, D. S., Christianson, T. J.,
Pankratz, V. S., et al. (2014). Baseline neuropsychiatric symptoms and the risk
of incident mild cognitive impairment: a population-based study. Am. J.
Psychiatry 171 (5), 572–581. doi: 10.1176/appi.ajp.2014.13060821

Geerlings, M. I., Schoevers, R. A., Beekman, A. T. F., Jonker, C., Deeg, D. J. H.,
Schmand, B., et al. (2000). Depression and risk of cognitive decline and
Alzheimer’s disease: results of two prospective community-based studies in
the netherlands. Br. J. Psychiatry 176 (6), 568–575. doi: 10.1192/bjp.176.6.568

Geerlings, M. I., den Heijer, T., Koudstaal, P. J., Hofman, A., and Breteler, M. M. B.
(2008). History of depression, depressive symptoms, and medial temporal lobe
atrophy and the risk of Alzheimer disease. Neurology 70 (15), 1258–1264. doi:
10.1212/01.wnl.0000308937.30473.d1

Hall, C. A., and Reynolds-Iii, C. F. (2014). Late-life depression in the primary care
setting: challenges, collaborative care, and prevention. Maturitas 79 (2), 147–
152. doi: 10.1016/j.maturitas.2014.05.026

Harrington, K. D., Gould, E., Lim, Y. Y., Ames, D., Pietrzak, R. H., Rembach, A.,
et al. (2017). Amyloid burden and incident depressive symptoms in cognitively
normal older adults. Int. J. Geriatr. Psychiatry 32, 455– 463. doi: 10.1002/
gps.4489

Irie, F., Masaki, K. H., Petrovitch, H., Abbott, R. D., Ross, G. W., Taaffe, D. R., et al.
(2008). Apolipoprotein E epsilon4 allele genotype and the effect of depressive
symptoms on the risk of dementia in men: the Honolulu-Asia aging study.
Arch. Gen. Psychiatry 65 (8), 906–912. doi: 10.1001/archpsyc.65.8.906

Jack, C., Knopman, D. S., Jagust, W. J., Shaw, L. M., Aisen, P. S., Weiner, M. W.,
et al. (2010). Hypothetical model of dynamic biomarkers of the Alzheimer’s
February 2020 | Volume 11 | Article 34

https://doi.org/10.1176/ajp.150.11.1693
https://doi.org/10.1371/journal.pone.0011266
https://doi.org/10.1038/tp.2017.90
https://doi.org/10.1016/S1474-4422(11)70072-2
https://doi.org/10.1016/S1474-4422(11)70072-2
https://doi.org/10.1001/archpsyc.63.3.273
https://doi.org/10.1001/archpsyc.55.12.1073
https://doi.org/10.1016/j.jalz.2015.05.016
https://doi.org/10.1097/JGP.0b013e3181aad1fe
https://doi.org/10.1016/j.maturitas.2014.05.009
https://doi.org/10.1016/j.maturitas.2014.05.009
https://doi.org/10.1097/JGP.0b013e3181df48be
https://doi.org/10.1371/journal.pmed.1002728
https://doi.org/10.1371/journal.pmed.1002728
https://doi.org/10.1111/j.1532-5415.1999.tb07426.x
https://doi.org/10.3233/JAD-2012-120169
https://doi.org/10.3233/JAD-2012-120169
https://doi.org/10.1017/S1041610216000405
https://doi.org/10.1038/nrneurol.2011.60
https://doi.org/10.1038/nrneurol.2011.60
https://doi.org/10.1111/j.1532-5415.2007.01600.x
https://doi.org/10.1001/archpsyc.56.3.261
https://doi.org/10.1001/archpsyc.56.3.261
https://doi.org/10.3389/fpsyt.2018.00397
https://doi.org/10.1002/ana.20405
https://doi.org/10.1176/appi.ajp.2016.16030319
https://doi.org/10.1001/archpsyc.1996.01830020093011
https://doi.org/10.1001/archpsyc.1996.01830020093011
https://doi.org/10.1176/appi.ajp.2017.17040442
https://doi.org/10.1212/WNL.0b013e3181e62124
https://doi.org/10.1093/oxfordjournals.aje.a008974
https://doi.org/10.1093/oxfordjournals.aje.a008974
https://doi.org/10.1038/nrneurol.2017.96
https://doi.org/10.1038/nrneurol.2017.96
https://doi.org/10.1097/YCO.0b013e32834bb9d4
https://doi.org/10.1177/0891988718824036
https://doi.org/10.1046/j.1532-5415.2003.51352.x
https://doi.org/10.1001/archpsyc.63.2.153
https://doi.org/10.1001/archpsyc.63.2.153
https://doi.org/10.1093/gerona/60.6.744
https://doi.org/10.1176/appi.ajp.2014.13060821
https://doi.org/10.1192/bjp.176.6.568
https://doi.org/10.1212/01.wnl.0000308937.30473.d1
https://doi.org/10.1016/j.maturitas.2014.05.026
https://doi.org/10.1002/gps.4489
https://doi.org/10.1002/gps.4489
https://doi.org/10.1001/archpsyc.65.8.906
https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles


Wiels et al. Depression and Dementia
pathological cascade. Lancet Neurol. 9 (1), 119–128. doi: 10.1016/S1474-4422
(09)70299-6

Jacob, L., Bohlken, J., and Kostev, K. (2017). Risk of dementia in German patients
treated with antidepressants in general or psychiatric practices. Int. J. Clin.
Pharmacol. Ther. 55 (4), 322–328. doi: 10.5414/CP202754

Jansen, W. J., Ossenkoppele, R., Knol, D. L., Tijms, B. M., Scheltens, P., Verhey,
F. R., et al. (2015). Prevalence of cerebral amyloid pathology in persons without
dementia: a meta-analysis. JAMA 313 (19), 1924–1938. doi: 10.1001/
jama.2015.4668

Köhler, S., Van Boxtel, M., Jolles, J., and Verhey, F. (2011). Depressive symptoms
and risk for dementia: a 9-year follow-up of the maastricht aging study. Am. J.
Geriatr. Psychiatry 19 (10), 902–905. doi: 10.1097/JGP.0b013e31821f1b6a

Kaup, A. R., Byers, A. L., Falvey, C., Simonsick, E. M., Satterfield, S., Ayonayon,
H. N., et al. (2016). Trajectories of depressive symptoms in older adults and
risk of dementia. JAMA Psychiatry 73 (5), 525–531. doi: 10.1001/
jamapsychiatry.2016.0004

Kim, J. M., Kim, S. Y., Bae, K. Y., Kim, S. W., Shin, I. S., Yang, S. J., et al. (2010).
Apolipoprotein e4 genotype and depressive symptoms as risk factors for
dementia in an older korean population. Psychiatry Invest. 7 (2), 135–140.
doi: 10.4306/pi.2010.7.2.135

Lam, R. W., Kennedy, S. H., Mclntyre, R. S., and Khullar, A. (2014). Cognitive
dysfunction in major depressive disorder: effects on psychosocial functioning
and implications for treatment. Can. J. Psychiatry 59 (12), 649–654. doi:
10.1177/070674371405901206

Langa, K. M., and Levine, D. A. (2014). The diagnosis and management of mild
cognitive impairment: a clinical review. JAMA 312 (23), 2551–2561. doi:
10.1001/jama.2014.13806

Lee, C. W.-S., Lin, C. L., Sung, F.-C., Liang, J.-A., and Kao, C.-H. (2016).
Antidepressant treatment and risk of dementia: a population-based,
retrospective case-control study. J. Clin. Psychiatry 77 (1), 117–22; quiz 122.
doi: 10.4088/JCP.14m09580

Lenoir, H., Dufouil, C., Auriacombe, S., Lacombe, J.-M., Dartigues, J.-F., and
Ritchie, K. (2011). Depression history, depressive symptoms, and incident
dementia: the 3C Study. J. Alzheimers Dis. 26 (1), 27–38. doi: 10.3233/JAD-
2011-101614

Li,G.,Wang,L.Y., Shofer, J. B.,Thompson,M.L., Peskind,E. R.,McCormick,W., et al.
(2011). Temporal relationship between depression and dementia: findings from a
large community-based 15-year follow-up study. Arch. Gen. Psychiatry 68 (9),
970–977. doi: 10.1001/archgenpsychiatry.2011.86

Lindsay, J., Laurin, D., Verreault, R., Hébert, R., Helliwell, B., and Hill, G. B.
(2002). Risk factors for Alzheimer’s disease: a prospective analysis from the
Canadian study of health and aging. Am. J. Epidemiol. 156 (5), 445–453. doi:
10.1093/aje/kwf074

Livingston, G., Sommerlad, A., Orgeta, V., Costafreda, S. G., Huntley, J., Ames, D.,
et al. (2017). Dementia prevention, intervention, and care. Lancet 390 (10113),
2673–2734. doi: 10.1016/S0140-6736(17)31363-6

Luppa, M., Luck, T., Ritschel, F., Angermeyer, M. C., Villringer, A., and Riedel-Heller,
S. G. (2013). Depression and incident dementia. An 8-year population-based
prospective study. PloS One 8 (3), e59246. doi: 10.1371/journal.pone.0059246

Mahgoub, N., and Alexopoulos, G. S. (2016). Amyloid hypothesis: is there a role
for antiamyloid treatment in late-life depression? Am. J. Geriatr. Psychiatry 24
(3), 239–247. doi: 10.1016/j.jagp.2015.12.003

Mirza, S. S., Wolters, F. J., Swanson, S. A., Koudstaal, P. J., Hofman, A.,
Tiemeier, H., et al (2016). 10-year trajectories of depressive symptoms and
risk of dementia: a population-based study. Lancet Psychiatry 3 (7), 628–635.
doi: 10.1016/S2215-0366(16)00097-3

Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G., and PRISMA Group. (2009).
Preferred reporting items for systematic reviews and meta-analyses: the
PRISMA statement. BMJ 339, b2535. doi: 10.1136/bmj.b2535

Mossaheb, N., Zehetmayer, S., Jungwirth, S., Weissgram, S., Rainer, M., Tragl, K.-H.,
et al (2012). Are specific symptoms of depression predictive of Alzheimer’s
dementia? J. Clin. Psychiatry 73 (7), 1009–1015. doi: 10.4088/JCP.11m06962

Ownby, R. L., Crocco, E., Acevedo, A., John, V., and Loewenstein, D. (2006).
Depression and risk for Alzheimer disease: systematic review, meta-analysis,
and metaregression analysis. Arch. Gen. Psychiatry 63 (5), 530–538. doi:
10.1001/archpsyc.63.5.530
Frontiers in Pharmacology | www.frontiersin.org 12
Pálsson, S., Aevarsson, Ó., and Skoog, I. (1999). Depression, cerebral atrophy,
cognitive performance and incidence of dementia: population study of 85-year-
olds. Br. J. Psychiatry 174 (3), 249–253. doi: 10.1192/bjp.174.3.249

Palmer, K., Berger, A. K., Monastero, R., Winblad, B., Bäckman, L., and
Fratiglioni, L. (2007). Predictors of progression from mild cognitive
impairment to Alzheimer disease. Neurology 68 (19), 1596–1602. doi:
10.1212/01.wnl.0000260968.92345.3f

Patten, S. (2003). Recall bias and major depression lifetime prevalence soc
psychiatry. Psychiatr. Epidemiol. 38, 290. doi: 10.1007/s00127-003-0649-9

Peavy, G. M., Lange, K. L., Salmon, D. P., Patterson, T. L., Goldman, S., Gamst,
A. C., et al. (2007). The effects of prolonged stress and APOE genotype on
memory and cortisol in older adults. Biol. Psychiatry 62 (5), 472–478. doi:
10.1016/j.biopsych.2007.03.013

Petersen, R. C. (2018). How early can we diagnose Alzheimer disease (and is it
sufficient)? the 2017 wartenberg lecture. Neurology 91 (9), 395–402. doi:
10.1212/WNL.0000000000006088

Ritchie, K., Carrière, I., Berr, C., Amieva, H., Dartigues, J.-F., Ancelin, M.-L., et al.
(2016). The clinical picture of Alzheimer’s disease in the decade before
diagnosis: clinical and biomarker trajectories. J. Clin. Psychiatry 77 (3),
e305–e311. doi: 10.4088/JCP.15m09989

Rush, J. A., Trivedi, M. H., Wisniewski, S. R., Nierenberg, A. A., Stewart, J. W.,
Warden, D., et al. (2006). Acute and longer-term outcomes in depressed
outpatients requiring one or several treatment steps: a STAR*D report. Am. J.
Psychiatry 163 (11), 1905–1917. doi: 10.1176/ajp.2006.163.11.1905

Saczynski, J. S., Beiser, A., Seshadri, S., Auerbach, S., Wolf, P. A., and Au, R. (2010).
Depressive symptoms and risk of dementia: the Framingham Heart Study.
Neurology 75 (1), 35–41. doi: 10.1212/WNL.0b013e3181e62138

Savva, G. M., Zaccai, J., Matthews, F. E., Davidson, J. E., McKeith, I., and Brayne, C.
(2009). Prevalence, correlates and course of behavioural and psychological
symptoms of dementia in the population. Br. J. Psychiatry 194 (3), 212–219. doi:
10.1192/bjp.bp.108.049619

Simões do Couto, F., Lunet, N., Ginó, S., Chester, C., Freitas, V., Maruta, C., et al.
(2016). Depression with melancholic features is associated with higher long-
term risk for dementia. J. Affect. Disord. 202, 220–229. doi: 10.1016/
j.jad.2016.05.026

Spira, A. P., Rebok, G. W., Stone, K. L., Kramer, J. H., and Yaffe, K. (2012).
Depressive symptoms in oldest-old women: risk of mild cognitive impairment
and dementia. Am. J. Geriatr. Psychiatry 20 (12), 1006–1015. doi: 10.1097/
JGP.0b013e318235b611

Stern, Y., Gurland, B., Tatemichi, T. K., Tang, M. X., Wilder, D., and
Mayeux, R. (1994). Influence of education and occupation on the incidence
of alzheimer’s disease. JAMA 271 (13), 1004–1010. doi: 10.1001/jama.1994.
03510370056032

Taylor, W. D., McQuoid, D. R., Payne, M. E., Zannas, A. S., MacFall, J. R., and
Steffens, D. C. (2013). Hippocampus atrophy and the longitudinal course of
late-life depression. Am. J. Geriatr. Psychiatry 22 (12), 1504–1512. doi: 10.1016/
j.jagp.2013.11.004

Thomas, A. J., O'Brien, J. T., Davis, S., Ballard, C., Barber, R., Kalaria, R. N., et al.
(2002). Ischemic basis for deep white matter hyperintensities in major
depression: a neuropathological study. Arch. Gen. Psychiatry 59 (9), 785–
792. doi: 10.1001/archpsyc.59.9.785

van Maurik, I. S., Slot, R., Verfaillie, S., Zwan, M. D., Bouwman, F. H., Prins, N. D.,
et al. (2019). Personalized risk for clinical progression in cognitively normal
subjects-the ABIDE project. Alzheimers Res. Ther. 11 (1), 33. doi: 10.1186/
s13195-019-0487-y

van Uden, I. W. M., van der Holst, H. M., van Leijsen, E. M. C., Tuladhar, A. M.,
van Norden, A. G. W., de Laat, K. F., et al. (2016). Late-onset depressive
symptoms increase the risk of dementia in small vessel disease. Neurology 87
(11), 1102–1109. doi: 10.1212/WNL.0000000000003089

Verdelho, A., Madureira, S., Moleiro, C., Ferro, J. M., O'Brien, J. T., Poggesi, A.,
et al. (2013). Depressive symptoms predict cognitive decline and dementia in
older people independently of cerebral white matter changes: the LADIS study.
J. Neurol. Neurosurg. Psychiatry 84, 1250–1254. doi: 10.1136/jnnp-2012-
304191

Vinkers, D. J., Gussekloo, J., Stek, M. L., Westendorp, R. G., and van der Mast,
R. C. (2004). Temporal relation between depression and cognitive impairment
February 2020 | Volume 11 | Article 34

https://doi.org/10.1016/S1474-4422(09)70299-6
https://doi.org/10.1016/S1474-4422(09)70299-6
https://doi.org/10.5414/CP202754
https://doi.org/10.1001/jama.2015.4668
https://doi.org/10.1001/jama.2015.4668
https://doi.org/10.1097/JGP.0b013e31821f1b6a
https://doi.org/10.1001/jamapsychiatry.2016.0004
https://doi.org/10.1001/jamapsychiatry.2016.0004
https://doi.org/10.4306/pi.2010.7.2.135
https://doi.org/10.1177/070674371405901206
https://doi.org/10.1001/jama.2014.13806
https://doi.org/10.4088/JCP.14m09580
https://doi.org/10.3233/JAD-2011-101614
https://doi.org/10.3233/JAD-2011-101614
https://doi.org/10.1001/archgenpsychiatry.2011.86
https://doi.org/10.1093/aje/kwf074
https://doi.org/10.1016/S0140-6736(17)31363-6
https://doi.org/10.1371/journal.pone.0059246
https://doi.org/10.1016/j.jagp.2015.12.003
https://doi.org/10.1016/S2215-0366(16)00097-3
https://doi.org/10.1136/bmj.b2535
https://doi.org/10.4088/JCP.11m06962
https://doi.org/10.1001/archpsyc.63.5.530
https://doi.org/10.1192/bjp.174.3.249
https://doi.org/10.1212/01.wnl.0000260968.92345.3f
https://doi.org/10.1007/s00127-003-0649-9
https://doi.org/10.1016/j.biopsych.2007.03.013
https://doi.org/10.1212/WNL.0000000000006088
https://doi.org/10.4088/JCP.15m09989
https://doi.org/10.1176/ajp.2006.163.11.1905
https://doi.org/10.1212/WNL.0b013e3181e62138
https://doi.org/10.1192/bjp.bp.108.049619
https://doi.org/10.1016/j.jad.2016.05.026
https://doi.org/10.1016/j.jad.2016.05.026
https://doi.org/10.1097/JGP.0b013e318235b611
https://doi.org/10.1097/JGP.0b013e318235b611
https://doi.org/10.1001/jama.1994.03510370056032
https://doi.org/10.1001/jama.1994.03510370056032
https://doi.org/10.1016/j.jagp.2013.11.004
https://doi.org/10.1016/j.jagp.2013.11.004
https://doi.org/10.1001/archpsyc.59.9.785
https://doi.org/10.1186/s13195-019-0487-y
https://doi.org/10.1186/s13195-019-0487-y
https://doi.org/10.1212/WNL.0000000000003089
https://doi.org/10.1136/jnnp-2012-304191
https://doi.org/10.1136/jnnp-2012-304191
https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles


Wiels et al. Depression and Dementia
in old age: prospective population based study. BMJ 329 (7471), 881. doi:
10.1136/bmj.38216.604664.DE

Wilson, R. S., Schneider, J. A., Bienias, J. L., Arnold, S. E., Evans, D. A., and
Bennett, D. A. (2003). Depressive symptoms, clinical AD, and cortical plaques
and tangles in older person. Neurology 61 (8), 1102–1107. doi: 10.1212/
01.WNL.0000092914.04345.97

Wilson, R. S., Schneider, J. A., Bienias, J. L., Arnold, S. E., Evans, D. A., and Bennett, D.
A. (2004). Depressive symptoms and cognitive decline in a community population
of older persons. J. Neurol. Neurosurg. Psychiatry 75 (1), 126–129.

Wilson, R. S., Capuano, A. W., Boyle, P. A., Hoganson, G. M., Hizel, L. P., Shah,
R. C., et al. (2014). Clinical-pathologic study of depressive symptoms and
cognitive decline in old age. Neurology 83 (8), 702–709. doi: 10.1212/
WNL.0000000000000715

Wilson, R. S., Boyle, P. A., Capuano, A.W., Shah, R. C., Hoganson, G. M., Nag, S., et al.
(2016). Late-life depression is not associated with dementia-related pathology.
Neuropsychology 30 (2), 135–142. doi: 10.1037/neu0000223
Frontiers in Pharmacology | www.frontiersin.org 13
Yaffe, K., Blackwell, T., Gore, R., Sands, L., Reus, V., and Browner, W. S. (1999).
Depressive symptoms and cognitive decline in nondemented elderly women: a
prospective study. Arch. Gen. Psychiatry 56 (5), 425–430. doi: 10.1001/
archpsyc.56.5.425

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Wiels, Baeken and Engelborghs. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.
February 2020 | Volume 11 | Article 34

https://doi.org/10.1136/bmj.38216.604664.DE
https://doi.org/10.1212/01.WNL.0000092914.04345.97
https://doi.org/10.1212/01.WNL.0000092914.04345.97
https://doi.org/10.1212/WNL.0000000000000715
https://doi.org/10.1212/WNL.0000000000000715
https://doi.org/10.1037/neu0000223
https://doi.org/10.1001/archpsyc.56.5.425
https://doi.org/10.1001/archpsyc.56.5.425
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles

	Depressive Symptoms in the Elderly&mdash;An Early Symptom of Dementia? A Systematic Review
	Introduction
	Rationale and Objectives

	Methods
	Research Question
	Design and Protocol

	Results
	Discussion
	Limitations and Heterogeneity
	-Of the Studies Included
	Related to the Diagnosis of Dementia
	Depression Measures
	Populations
	Risk Analysis and Prospective Studies
	-Limitations of This Review

	Conclusions and Future Perspectives
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


