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Abstract

This narrative review aimed to explore the existing knowl-
edge in order to examine the multiple forms of late-life de-
pression (LLD) within a non-neurodegenerative or a neuro-
degenerative context, in particular Alzheimer’s disease (AD).
This review will first provide information about different
pathogenic hypotheses proposed to describe LLD whenit is
not linked to a neurodegenerative context. Within the pre-
sentation of these syndromes, the literature reports thymic
and cognitive specific features and highlights a common
preponderance of cognitive impairment, and particularly ex-
ecutive. This review will also report data from research works
that have addressed the role of depressive symptoms (DSs)
in incidence of AD and mild cognitive impairment (MCl) con-
version to AD. These findings support the claim that the re-
lationship between DS (or LLD) and the cognitive decline en-
countered in AD can be of 2 types: (1) risk factor or (2) pro-
drome. They also support the hypothesis that the effect of
DS on the incidence of AD can be identified between spe-
cific characteristics of these symptoms such as a very first
apparition latein life, an increasing severity of DS, and a poor

response to medical treatment. Finally, longitudinal and
cross-sectional research will be presented, aiming to identify
the predictive value of DS (or LLD) on AD incidence and/or
conversion of MCI (and specifically amnestic MCI). This final
section shows that specific features of LLD, such as being of
early- or late-onset, can be considered as indices of AD inci-

dence. © 2021 S. Karger AG, Basel

Introduction

The prevalence of depression increases from 5 to 10—
20% when it occurs in the ageing population (from 60 to
65 years old) [1]. In addition, elderly individuals are more
vulnerable to the damaging effects of depression [2, 3],
threatening their vital diagnosis due to the rapid deterio-
ration of their general health, the substantial recurrence
rate [4], and the number of successful suicides [5]. The
recurrence rate can be reduced by making a diagnosis
from the first episode, less severe than the subsequent
ones [6], and by adequately managing it [7]. The diagno-
sis model based on younger adults’ criteria has now been
demonstrated to be inappropriate in the ageing context
[8, 9]. Moreover, several hypotheses of late-life depres-
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sion (LLD) vary in their pathogenic origin and their clin-
ical (thymic and cognitive) profile. In addition, their fre-
quent comorbidity with dementia [10] and in particular
with early stage of Alzheimer’s disease (AD) [11] increas-
es the complexity of the diagnosis. It is therefore critical
to distinguish between a LLD including cognitive disor-
ders and early AD accompanied by thymic symptoms. In
LLD, the treatment of thymic symptoms is associated ei-
ther with an improvement (in 42 [12] to 45% [13] of cas-
es) of the cognitive deficit or with a persistence of the
cognitive deficit without an increment [14]. In AD, thy-
mic symptoms are expected to disappear on their own
with the progression of the disease [11], while the cogni-
tive symptoms will irreversibly increase [15]. Given the
similarity of the thymic symptomatology, the cognitive
criteria inherent to each situation represent a key issue in
geriatric neuropsychology research.

Definition of LLD

Amongst the important varieties of LLD situations
(i.e., bipolar, hypochondriac, hostile, conative, anxious,
or melancholic) [16], this article focuses on unipolar de-
pression whose cognitive expression may lead to diagnos-
tic ambiguity with AD. Because the Diagnostic and Sta-
tistical Manual of Mental Disorders (DSM 5) [17] does
not provide a specific diagnosis for LLD (after 60 years of
age), the criteria for major depressive episodes (MDEs)
(code 296) or recurrent depressive disorders (code 300.4)
are used. The diagnosis of MDE requires at least 5 depres-
sive symptoms (DS) amongst depressed mood, anhedo-
nia, weight changes (excessive gain or loss), sleep distur-
bances (hypo- or hypersomnia), psychomotor rhythm
disorders (restlessness or slowing down), feelings of
tiredness, negative feelings about the self (guilt and worth-
lessness), concentration disturbances, or recurrent mor-
bid thoughts (thoughts of doom or death) [17]. These de-
pressive features are also encountered in the geriatric
context but the symptomatologic profiles will be influ-
enced by age, making the outlined diagnostic model un-
suitable in many cases after 60 years of age [16]. A deple-
tion syndrome was proposed in the 1980s, characterized
by symptoms of hopelessness, loss of appetite, loss of in-
terest, and thoughts of death. Later, Yesavage [8] suggest-
ed that the specificities of MDE diagnosis in the elderly
would not be characterized by specific symptoms but
rather by their aetiology, intensity, and the way they affect
daily life activities. The diagnostic approach for the el-
derly therefore relies on a cautious use of the DS termi-
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nology for age-related physical and psychologic charac-
teristics that are not necessarily indicative of a depressive
state. Indeed, when encountered in elderly, the symptom-
atic features of depression among younger adults (such as
decreased appetite and energy, altered sleep patterns, a
loss of interest in activities, somatic complaints, or psy-
chomotor slowing) may be due to ageing and not symp-
tomatic of any disease. But, in contrast, these traits cannot
be excluded from the diagnostic picture of depression in
the elderly, as not all situations of ageing are necessarily
associated with all of these traits. To address this diffi-
culty, some authors suggest the use of the DSM 5 diagnos-
tic criteria, even for the elderly, not by measuring the
number of symptoms but by assessing the intensity of
their expression. Nevertheless, symptoms like anhedonia,
lack of energy, feelings of guilt, and suicidal thoughts [14,
18-20] are still reported to be prevalent in LLD, whereas
feelings of sadness/dysphoria are not [9]. Cognitive im-
pairment may also be characteristic of LLD, along with a
state of anxiety, especially in the morning (which is pre-
dictive of a poorer response to pharmacologic treatment)
[9]. For all these reasons, several diagnostic scales used for
MDE are not adapted to the geriatric context. The Beck
Depression Inventory (BDI II) [21] does not distinguish
anxiety from depression and gives an overriding impor-
tance to somatic complaints (easily confused with the ef-
fects of ageing). The Centre for Epidemiologic Studies-
Depression (CES-D) [22] contains several items (i.e., val-
ue given to life, hopes for the future, or suicidal intentions)
that lead to interpretation issues [9]. Furthermore, these
scales do not include measures of cognitive concerns or
cognitive impairment. In contrast, the Geriatric Depres-
sion Scale (GDS) has been created for the gerontological
context and includes fewer somatic items, evokes cogni-
tive concerns, and is based on a dichotomized response
mode. This questionnaire is also centred on the feelings
of the last few weeks [23], allowing measurement of re-
cent changes on comparison to prior behaviour and
avoiding the confusion with a general perception of the
ageing process.

DSs in Late-Life without Dementia

Geriatric dysexecutive depression syndrome (GDDS),
vascular depressive syndrome (VDS), and depressive
with reversible dementia syndrome (DrdS) are different
situations of LLD, each resulting from pathogenic hy-
potheses unrelated to dementia. These syndromes are
distinct in their thymic and neurocognitive features [19].
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This GDDS [9, 14, 18-20, 24] is reported to present sig-
nificant cognitive impairment, limited neurovegetative
complaints, dominance of traits of anhedonia, agitation
and guilt, together with traits of psychotic disorders (lack
of insight and suspiciousness). This pathology is further
complicated by a poor response to antidepressants, little
remission [13, 25-27], and a high relapse rate [18]. In
GDDS, the cognitive disorder seems to persist even after
thymic remission, presumably related to the dysexecu-
tive disorder [24-26]. Indeed, a negative correlation be-
tween dysexecutive symptoms and remission rates has
been demonstrated [25-28]. This non-remission situa-
tion differentiates GDDS from depression encountered
in adults under 60 years of age. In the latter, when cogni-
tive dysfunctions persist after therapy, they involve im-
pairments in verbal learning and memory [29] that are
better explained by the expression of premorbid vulner-
abilities than as a consequence of depression [29]. How-
ever, it must be noted that the executive deficit can also
coexist with depression before the age of 60 [29]. But, in
the case of later life, the impairment is amplified and will
mainly affect inhibition [24] and cognitive flexibility [24,
26]. The VDS is an alternative pathogenesis that occurs
when a link can be found between MDE and a vascular
injury or a stroke [18]. The VDS is reportedly associated
with a late-onset LLD (i.e., when the very first MDE only
occurs after the age of 60) rather than with an early-onset
LLD (i.e., when the LLD is preceded by recurrent MDE
before the age of 60), although this association is not an
exclusive condition [18]. The VDS does not differ much
from the other LLDs in terms of thymic and cognitive
profiles [18], besides complaints about the ability to con-
centrate [30] and the absence of guilt [9]. Some authors
have suggested a common vascular cause for LLD and
cognitive decline in ageing. According to this hypothesis,
a dysfunction of the immune system resulting from age-
ing would lead to a chain of biochemical events resulting
in a chronic pro-inflammatory state which would then
become the common risk factor [18, 31]. However, this
assumption has to be considered in light of data which
do not support it, particularly in the important retro-
spective Whitehall II study that highlighted an absence
of effect of a vascular syndrome on the correlation be-
tween DS and cognitive decline [31]. In their results, re-
gardless of whether the vascular data were included or
not, the correlation remained similar. Finally, the third
syndrome mentioned, DrdS [32], replaces the notions of
“depressive pseudo-dementia,” and “pseudodemential
depression” that existed in clinic in the 1980s but were
largely discarded for being too inaccurate in terms of di-
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agnosis. The DrdS is a pathologic condition character-
ized by a confirmed diagnosis of MDE and a cognitive
decline that differs from dementia only by its reversibil-
ity, with scores on mini-mental state evaluation [33] in-
creasing over 21/30 after remission of the depressive state
[34]. Also characterized by predominant traits such as
morning awakening, loss of sexual desire, and psychic
and somatic anxiety [32], this notion of DrdS has little
support in the literature.

Cognitive Specific Impairment in LLD with Non-
Demential Pathogenesis

Cognitive impairment is a central feature of LLD, with
disorders that are more severe than in case of depression
before the age of 60. Indeed, as cognitive impairment be-
fore the age of 60 is dominated by the dysexecutive syn-
drome and often accompanied by impairments of atten-
tional, psychomotor, or short-term memory functions
[29], Thomas et al. [35] showed that LLD (=60) is associ-
ated with more severe impairment in verbal learning,
memory and motor speed than depression in earlier
adult life. Depression is added as a vulnerability factor to
the alterations in cognitive abilities already encountered
in healthy ageing and this combination leads to a more
significant and extensive cognitive impairment [9, 14, 18,
24, 32, 36, 37]. This impairment will primarily express
itself in declarative memory [25, 26], mainly episodic
[25], but it is proposed to rely on a form of executive se-
mantics [25]. Indeed, during recognition of learnt words
tasks, low scores will be associated with an absence of
semantic organization strategies during the encoding
phase, relying on executive semantics (i.e., selection and
inhibition of the concepts) more than on a true impair-
ment of the memory [20, 25]. Also impacted by LLD are
general executive functioning [14, 19, 20, 24, 38, 39], at-
tention [24, 26], information processing [25, 26], visuo-
spatial [25] and language [24] skills, learning [26], and
the ability to perform verbal fluency [9, 26, 38]. The situ-
ation of fluency tasks is particular because fluency per-
formance may be based on executive functions, language,
or psychomotor slowing (for review [38]). Therefore, in
the case of LLD, deficits in sustained attention, concen-
tration, and recall speed are thought to be the main causes
implicated [9, 38]. There are varying reports and inter-
pretations of research regarding the impact of LLD on
brain structures and neurocognitive outcomes. Some of
them point to a change of grey matter volume in the pre-
frontal [25, 40-42] (orbitofrontal [25, 40, 41] and dorso-
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lateral [25, 40]), medial-temporal [25, 40, 41] and sub-
cortical [25, 41] structures (hippocampus [25, 41], ante-
rior cingulate cortex [25], and striatum [42], and
brainstem [42]). These structural impairments could ex-
plain the reduced performances on episodic recall tasks.
Indeed, the prefrontal structures are involved in encod-
ing [25], while the hippocampus contributes to the con-
solidation of information [43, 44] and error control dur-
ing response [45], and the anterior cingulate cortex to
organizational strategies during learning [25, 46]. An as-
sociation has been demonstrated between the vulnerabil-
ity of prefrontal structures and low performance on word
recognition tasks in LLD, suggesting that the memory
deficit in this context is related to the subjective organi-
zation of information [47] and its executive dimension
[20, 25]. Indeed, prefrontal structures facilitate the use of
contextual associations during encoding, which strength-
ens memory by creating cues for retrieval [48]. Kohler et
al. [41] have shown, however, an absence of association
between these deficits and a reduction in cortical mass,
either for the whole brain, the prefrontal lobe, or the hip-
pocampus. Rather, they associate white matter hyperin-
tensities with memory, dysexecutive, and processing
speed impairments in LLD. In a recent systematic review,
Kim and Han [49] reported research supporting a model
linking white matter hyperintensities with emotion regu-
lation and cognitive regulation processes in LLD. Their
report of literature indicates that the intensity of white
matter, proposed as a key construct of vascular depres-
sion, is strongly associated with cognitive impairment,
especially for executive function and processing speed
because of the disconnection it caused between several
brain networks. At first, this disconnection syndrome
hypothesis concerns a Default Mode Network [49] that
involves the medial prefrontal and posterior cingulate
cortices, the precuneus and medial-temporal lobe and is
highly related to regulation of emotion. Secondly, this
disconnection syndrome hypothesis touches a Cognitive
Control Network [49], that involves dorsolateral pre-
frontal, dorsolateral anterior cingulate, and posterior pa-
rietal cortices, and is strongly associated with cognitive
functioning, and thirdly the frontostriatal network [24,
38, 42, 50, 51], which dysfunction is common to many
psychiatric disorders [38]. The review by Kim and Han
[49] therefore supports previous research [50, 51] pro-
posing a pathway linking depression to cognitive impair-
ment by a model that includes the disconnection syn-
drome hypothesis and the vascular depression hypothe-
sis.
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LLD and Its Incidence on AD

The DS are found in the context of various form of de-
mentia. Indeed, they are associated with 20-30% of AD
(before the mild stage [37]), 20-50% of Parkinson’s type
dementia [10] and 50% of vascular dementia [37], fronto-
temporal dementia [10], and Lewy body dementia [37].
While most of these neurodegenerative disorders have a
distinct symptomatology, in early AD, the thymic and
cognitive profiles will present numerous similarities with
LLD, making them difficult to differentiate [52]. Early
AD is a neurodegenerative disorder for which the diag-
nosis is established according to the NINCD-ADRDA
[15] criteria, associating histopathologic evidence with a
deficit that affects at least 2 cognitive domains, including
memory, with a significant impact on the patient’s daily
life. The cognitive impairment primarily involves declar-
ative memory, followed by attention and short-term
memory [53]. The DS encountered in the early stage of
the disease tend to disappear as the pathology progresses
[11]. For the past 2 decades, the early stage of AD has been
considered in relation to mild cognitive impairment
(MCI), which is often mentioned as a preliminary stage
of AD. This MCI [54] may indeed evolve to a neurode-
generative disorder and, in several cases, to AD. Over
time, the literature has made a distinction between am-
nestic MCI (aMCI; either single domain, when only
memory is impaired, or multiple domains, when besides
the memory deficit, at least another cognitive domain is
impaired) and non-amnestic MCI [54, 55]. Typically, the
former (aMCI) is suggested as a possible prodrome of AD
[56]. Given this context, it is worthy to question the rela-
tionship of LLD with the incidence of AD and the evolu-
tion of aMCI. In reviewing the literature, we shall distin-
guish (a) research-evoking DSs (in the sense of standard-
ized test results) from research that have used a formal
diagnosis of LLD [17], and, in the same order of idea (b)
research-evoking cognitive decline from research that has
included AD diagnoses. Regarding the relationship be-
tween LLD (or DSs) and AD (or cognitive decline), some
models propose that cognitive decline precedes DSs (ei-
ther as a risk factor [47, 57] or trigger [57]) and others
propose that DSs precede cognitive decline (either as a
vulnerability factor [24, 25], a trigger [57], a risk factor
[31, 57-59] for AD, or part of its prodrome [57, 60-62]).
The situation in which DSs precede cognitive decline ap-
pears to be more supported by the literature. A 12-year
longitudinal investigation showed that the presence of DS
was predictive of faster memory decline, but not the con-
trary [57]. The Whitehall II study (2010) examined this
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association over an 18-years follow-up [31]. In this study,
frequent DSs were associated with a decline in episodic
memory, language, and fluency performance. The au-
thors also showed a difference between the effect of DSs
assessed at the beginning (1-9 years) and at the end (10—
18 years) of follow-up. Assessment showing the presence
of DS at early follow-up was only associated with decline
in episodic memory and semantic fluency performance,
whereas at late follow-up, they were associated with a
broad cognitive decline [31]. This difference can be con-
sidered in the framework of the early- and late-onset dif-
ferences between LLDs and supports the hypothesis of a
common pathogenic cause between late-onset depression
(>60 years) and the broad cognitive decline encountered
in neurodegenerative pathologies [57, 60-62]. The hy-
potheses of depression as a risk factor or as part of the
prodrome of AD are not mutually exclusive, although
their distinction is important. Indeed, the treatment of
DS caused by AD will not influence the course of the dis-
ease. These DS will initially be resistant to treatment [9,
18, 51] but will fade with the progression of the disease
while cognitive symptoms will increase because of the
neurodegenerative context. Three pathogenic hypotheses
appear to link LLD and AD, firstly, the existence of a com-
mon deleterious effect of beta-amyloid plaques and neu-
rofibrillary deposits for both conditions [63]. This neuro-
physiological condition, found in both AD without DSs
and in LLD without AD, do not allow the differentiation
of the diagnosis, although the accumulation of beta-am-
yloid plaques in the hippocampus of AD is demonstrated
to be even more important if they have suffered repeated
depressions [18, 63]. Secondly, a part of the literature sup-
ports the idea of a common inflammatory situation, al-
ready evoked in the VDS [18]. Finally, a last hypothesis
supports that the disturbance in the hypothalamic-pitu-
itary-adrenal axis causes long-term hippocampal atrophy
[64]. The mechanism is that overactivated by depression,
this axis causes a neuroendocrine response similar to that
caused by stress with an impaired balance of glucocorti-
coid receptors [64].

Are DS Predictive of AD Onset?

Longitudinal and cross-sectional research has been
conducted to identify the predictive value [65-68] of DS
(or LLD) on AD incidence and/or conversion of MCI
(and specifically aMCI; Table 1). Findings from 2015
show that the risk of AD incidence is nearly doubled
when associated with late-onset LLD (with a very first ep-
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isode after age 70) and are increased by four-fold when
associated with severe LLD [69]. A 2-year research by
Mirza et al. [70] compared the effect of several develop-
ment paths of DS on the incidence of dementia (including
AD). The alternative pathways combined mild and severe
DS, depending on whether they remained stable, in-
creased, or decreased over time (even decreasing until
complete remission). The results of this study show that
itis the increase in depressive symptoms over time that is
more significantly associated with a risk of developing
AD [70]. Kida et al. [71] support the existence of an as-
sociation between the risk of conversion of aMCI and the
increase of DS over an 8-year period while Defrancesco et
al. [72] show that the rate of conversion of aMCI was pro-
portionally increasing with the severity of DS (measured
with the GDS 30 [8]), with 42.5 to 54.4% of conversion for
severe (>15 at GDS 30), to very severe (>20 at GDS 30)
DS. Ohanna et al. [73], however, did not show an asso-
ciation between higher severity of the first MDE and the
incidence of AD. Instead of that, it did show an impact of
the duration of the first MDE on the incidence of a neu-
rodegenerative disorder, including AD in 76% of cases.
The idea of a stronger association between late-onset LLD
and the incidence of AD, which is part of a hypothesis that
this late-onset of depression is a prodromal sign of the
disease, is supported by several research studies. Indeed,
Heser et al. [74] highlighted a significant association be-
tween late-onset LLD (>75 years) and the incidence of AD
(3-fold risk). Similarly, Dillon et al. [75] showed this as-
sociation with patients who reported the first MDE after
age 65. Tapiainen et al. [76] showed an effect of DS on AD
incidence when they were identified during the 5 years
prior to the diagnosis of AD but not when they were iden-
tified earlier than 5 years prior to this diagnosis. Barnes et
al. [77] also demonstrated that, compared to early-onset
LLD (age: 53 * 4), late-onset LLD (age: 75 + 3) doubled
the risk of developing AD, while it increased the risk of
developing vascular dementia by 50%. Finally, by analys-
ing the composition of depressive symptomatology, Shdo
et al. [78] were able to distinguish AD patients from pa-
tients with other dementias. High levels of the DS “worry
about cognitive functioning” with low levels of the DS
“general worry,” low “withdrawal” tendency, and low
“hopelessness” permitted to identify 76% of AD patients.
Seeking the histopathologic mechanism, Harrington et al.
[79] showed a higher presence of beta-amyloid 40 and 42
in individuals with dementia when they had experienced
late-onset LLD compared to those whose dementia was
associated with early-onset LLD. Another research by
Lloyd et al. [80] showed a more significant alteration in
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hippocampal volume in late-onset LLD than in early-on-
set LLD. Their results go against the hypothesis that hip-
pocampal alteration is determined by the repetition of
MDE during life (as it is the case in early-onset LLD) and
their consequence in terms of overactivation of the hypo-
thalamic-pituitary-adrenal axis [80, 81].

Conclusion

This review allowed us to point out 3 features of inter-
est in the process of a differential diagnostic approach
between LLD and LLD when linked to AD. Firstly, sev-
eral investigations have led us to consider a difference in
cognitive impairment, with a pronounced dysexecutive
profile in LLD alone and a broader impairment profile in
LLD when encountered in the setting of AD. Secondly,
regarding the memory impairment, visible in both condi-
tions, it seems useful to investigate the likelihood of a dif-
ferent functional origin. While impairment of the tempo-
ral areas causes the declarative memory deficit in AD, in
LLD not related to AD, it seems to be more a matter of
executive semantics which dysfunction prevents efficient
encoding during recall tasks. Thirdly, research seems to
support the existence of an association between late-onset
LLD and the prodrome of AD, which could sustain the
idea of a different pathogenesis for late-onset LLD com-
pared to early-onset LLD. This hypothesis feeds the idea

that even if the accumulation of MDE throughout life
leads to a biochemical chain of events that render the
brain areas primarily affected by AD (notably the hippo-
campus) vulnerable, in the case of late-onset LLD, depres-
sion would not be a risk factor but rather a consequence
of the neurodegenerative process. This difference is es-
sential to consider, both for the management of DS and
for cognitive management.
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