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Abstract

Depression, mild cognitive impairment (MCI) and dementia are highly prevalent conditions that
are increasing exponentially with similarly expanding social, medical and economic burdens.
While there is a clear clinical connection between these three disorders, the mechanism of action
that links them is less well understood. The lack of well-accepted biomarkers results in high levels
of diagnostic subjectivity, which then greatly impacts research results when attempting to further
explore their association. There is also a variety of clinical presentations of depressive syndromes,
particularly in the elderly; each one may be associated with a different risk in the progression from
MCI to different types of dementia. The diagnostic challenges, the importance of biomarkers and
the discussion of inflammation as a possible link between depression, MCI and dementia are
examined in this article.

Keywords

Alzheimer’s disease; biomarker; cytokine; dementia; depression; inflammation; mild cognitive;
impairment

Depression, mild cognitive impairment (MCI) and dementia are highly prevalent chronic
conditions associated with social, medical and economic burdens [1]. The inter-relationship
among these clinical entities is complex and not well understood. Several factors contribute
to the discrepancies in findings when linking these disorders. Important factors that
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contribute to the contradictory findings are the challenges in diagnosing these heterogeneous
disorders and the lack of understanding of the potential mechanism linking these illnesses.

In 2012, the prevalence of Alzheimer’s disease (AD) in the USA was estimated to be 5.4
million individuals with a cost of US$172 billion. Over the coming decades, the aging of the
baby boom generation is projected to result in an additional 10 million people with AD. It
has been projected that by the year 2050, approximately 16 million individuals will be
suffering from AD [2]. Furthermore, the prevalence of depression in the USA has been
estimated at 11% in the elderly [3], with a lifetime prevalence of major depressive episode
of 19% [4]. Depression is the fourth leading cause of disability and disease worldwide.
According to the WHO, projections indicate that depression will be the highest ranked cause
of disease burden in developed countries by the year 2020 [201]. MCI is the intermediate
stage between the cognitive changes of normal aging and dementia. The prevalence of MCI
has been estimated to be 14-18% for individuals aged 70 years and older [5] and the
progression rate to dementia, particularly AD, has been estimated at 10-15% per year from
memory disorders clinics or AD centers. In epidemiologic studies where there is a broader
spectrum of MCI severity and more heterogeneity as to the underlying condition, the annual
rates of progression range from 6 to 10% [6].

There are a number of studies linking depression, MCI and dementia. Depression has been
frequently associated with AD and MCI, but the role of depression as a risk factor for AD is
a matter of disagreement. It is not clear whether a history of depression is a true risk factor
for dementia or rather represents a prodromal clinical phase of the neurodegenerative
changes that occur in AD. There are data to support both hypotheses. MCI has also been
linked to depression. There are several studies reporting depression as a factor contributing
to the progression from normal cognition to MCI and from MCI to dementia.

Interestingly, depression, dementia and MCI share some common findings: lower
hippocampal volumes [7-9], vascular changes in the brain [10,11] and neurotransmitter
deficits [12,13]. All of these changes have been individually linked to chronic inflammation
[14-16]. Major depression has been associated with decreased responsiveness to
glucocorticoids; this resistance could contribute to excessive inflammation [17]. Depressed
patients have been found to have higher levels of proinflammatory cytokines suggesting that
inflammatory responses have a crucial role in the pathophysiology of depression [18].
Moreover, several inflammatory markers have been linked with AD. Postmortem studies
demonstrate the presence of acute-phase reactants (including C-reactive protein [CRP],
proinflammatory cytokines and activated complement cascade) in senile plaques and
neurofibrillary tangles [19].

It is clear that neuroinflammation increases neurodegeneration [14], and reduces both
neuroprotection and neuronal repair [20]. Given that these changes are common pathological
features of depression, AD and possibly MCI as a predementia phase, it is intriguing to
hypothesize that inflammation could be the mediating neurobiological mechanism linking
them.
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This article illustrates the current diagnostic challenges impacting the understanding of the
possible mechanism of action linking late-life depression with MCI and dementia, and
discusses the possible role of inflammation concerning these three disorders.

The relationship of depression & dementia

A history of depression has been described in several studies as an independent risk factor
for later development of AD [21-23]. Longitudinal studies have shown a strong association
between the number of depressive episodes and the risk of developing dementia. Dotson et
al. followed a total of 1239 subjects with depression for a median of 24.7 years. They found
an increase in the risk of all-cause dementia and AD as a function of the number of
depressive symptoms at baseline. Each episode of depression was associated with a 14%
increased risk of the subject later developing dementia, supporting the hypothesis that
depression is a risk factor for dementia [22]. In the same way, Kessing and Anderson, using
hospital-based data, reported that the rate of dementia tended to increase by 13% with every
episode leading to admission for patients with depressive disorder [24]. Additional studies
have shown that depressive symptoms are significantly associated with AD, even when the
onset of depressive symptoms preceded the onset of identified AD symptoms by 25 years or
more [21]. However, despite several studies demonstrating a robust association between
depression and dementia, there are some longitudinal epidemiological studies that have
found no association between depression and AD [25].

Several factors may contribute to the inconsistency of findings linking depression and
dementia, such as the imprecise methods used to diagnose both disorders. Depression, MCI
and dementia are heterogeneous disorders that are usually diagnosed by subjective tools
with a lack of specific diagnostic biomarkers. Most of the data reporting the association
between these disorders are retrospective, with significant limitations regarding unifying
diagnostic criteria. The absence of biomarkers in clinical practice and the insufficient
research on disease mechanisms linking these disorders [26] greatly contribute to the
disparate research results.

Depression has been linked to different types of dementia. Some reports link history of
depression with AD and others connect depression more with vascular dementia (VD). A
recent retrospective cohort study examined depressive symptoms assessed in mid- and late-
life and the different types of dementia. They found that subjects with late-life depressive
symptoms had a twofold increase in AD risk whereas subjects with mid- and late-life
symptoms had more than a threefold increase in VD. The authors concluded that late-life
depression may be a prodrome to AD while recurrent depression may be associated with VD
[27].

Conversely, the glucocorticoid theory favors the hypothesis that long-term exposure to stress
or depression contributes to a smaller hippocampus (HC), leading to later development of
AD [28], supporting the notion that a long history of depression contributes more to AD
than VVD. The HC plays an important role in the regulation of the hypothalamic—pituitary—
adrenal axis (HPA), which is involved in the stress response and depression. Subjects with
depression have increased HPA central drive, elevated corticotrophin-releasing hormone
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levels and impaired negative feedback regulation due to decreased expression of
corticosteroid receptors in the hypothalamus and pituitary [29]. The human HC contains
large numbers of corticosteroid receptors and has a critical role in downregulating
corticotrophin-releasing hormone release via a multisynaptic pathway terminating in
GABAergic output to the paraventricular nucleus [30]. HPA disturbances causing prolonged
hypercortisolemia may promote hippocampal atrophy and functional decline. Thus,
glucocorticoids may promote hippocampal cell injury and death when chronically elevated.
Meta-analyses of structural imaging studies of the HC suggest that patients with depression
have small HC volumes compared with healthy subjects [31]. Repeated episodes of
depression may further contribute to loss of HC volume [28] and therefore increase the risk
of AD.

Substantial data exist demonstrating how interconnected depression, increased risk of stroke
[32], hypercortisolemia [33,34] and lower hippocampal volumes are associated not only
with AD but also with VD. Chronic inflammation plays a role in both types of dementia,
either by increasing the risk of vascular events and/or by contributing to a smaller HC and
increasing the risk of AD. Given that the originally described pure VD is a rather rare entity
and the majority of patients with VD have AD-related neuropathology, the development of
one type of dementia versus the other would be the final manifestation of the proportion of
pathology present in the brain.

The relationship of depression & MCI

Since the 1980s, researchers have struggled to find the appropriate category for patients who
were not cognitively intact but were not sufficiently impaired to be considered as demented.
This gray zone between ‘normal’ cognitive aging and dementia has been described as:
benign forgetfulness, age-associated memory impairment, mild neurocognitive decline and
questionable dementia [35]. The term “mild cognitive impairment” was first used by
Reisberg et al. [36] but was later established as a diagnosis with specific diagnostic criteria
by Petersen et al. in 1999 [37]. The original Petersen criteria for MCI was limited to
individuals with cognitive impairment in a single domain (memory). The revised published
criteria include other domains besides memory and the complaint of decline can be obtained
from an informant [38,39].

The two main known subtypes of MCI are amnestic MCI (aMCI) and nonamnestic MCI
(naMCIl). Memory deficits are the central feature of aMCI whereas naMCI patients present
with deficits in other domains. Both are subdivided into single domain and multiple
domains. MCI has also been classified according to probable etiology: MCI due to AD,
vascular MCI, MCI - Lewy body dementia and behavioral MCI. There is an increased
interest in the relationship between depression and MCI. Different mechanisms in which
these two disorders have been linked range from depression being a psychological reaction
to the cognitive deficits, to depression being an early manifestation of the neuropathological
changes in the brain. Symptoms of depression varied according to the type of MCI and
according to the classification used. Several studies have reported on the prevalence of
psychiatric symptoms in MCI. Rozzini et al. reported that the predominant neuropsychiatric
symptom of aMCI was depression followed by anxiety and reported a significantly higher
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prevalence of hallucinations and sleep disorders in the naMCI patients [40]. Other studies
have reported a higher incidence of apathy in aMCI [41] and higher vascular comorbidities
in naMClI [42].

The manifestation of the different depressive syndromes would differ according to the
neuropathology. If the predominant neuropathology is vascular, then the depressive
syndromes would fit the criteria described by the vascular depression theory. Conversely, if
the predominant neuropathological substrate is amyloid, then the predominant depressive
syndrome may be more related to apathy. The vascular depression hypothesis states that
cerebrovascular disease can predispose, precipitate or perpetuate a depressive syndrome in
older adults [43]. It has been described as a subtype of depression. The clinical presentation
of vascular depression has been characterized as a medial frontal lobe syndrome with
prominent psychomotor retardation, anhedonia and pronounced disability [44]. Several
studies have reported that the presence of apathy as part of the depressive episode increases
the risk of conversion to dementia [45].

Numerous recent studies have reported the potential role of depression in the conversion
from normal cognition to MCI and from MCI to dementia. The majority of the studies found
depression as an important factor in the conversion [46-54]. Table 1 provides a summary
indicating whether results for depression were ‘positive’ (i.e., showed a significantly
increased risk of progression to MCI or AD for those with depression vs no depression) or
‘negative’ [45,55-61].

Among the seven largest studies (each with over 1000 subjects [22,47-51,62]) investigating
the role of depression in conversion from control to MCI, four were positive and three were
negative. There were only three large studies analyzing progression from MCI to dementia
(each with over 2500 subjects) with conflicting results, and the one positive study found
discrepant results for men and women [63].

In a recent prospective study published by our group of 8107 subjects from 30 AD research
centers in the USA between 2005 and 2011, late-life depression was shown to be a
significant risk factor for subjects progressing from normal to MCI [62]. Comparisons
among studies are difficult and conclusions are often limited by methodological
inconsistencies (e.g., varying definitions of MCI, dementia and depression). Some of the
studies were primarily designed to evaluate other outcomes or conditions, such as
cardiovascular disease, with limited measures of cognition. Adjustment for baseline
cognitive status, comorbidities, the timing of depression (early vs late life) and the
concomitant antidepressant medication (all of which could confound or potentially modify
the effect of depression) was relatively uncommon. Baseline cognitive status may act as a
confounder in the association between depression and outcomes, as depressed subjects have
worse cognitive function [64], which is associated with a greater risk of development of
MCI and/ or dementia. Furthermore, cognitive deficits may even be present premorbidly in
healthy individuals who are genetically at risk for developing depression [65]. Therefore,
persistent cognitive deficits in the context of depression may reflect underlying structural
changes and a common pathophysiology, increasing an individual’s risk of progression to
dementia.
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The underlying inflammatory process may be different in MCI subtypes as they may reflect
different etiologies [66]. Dlugaj et al. detected that elevated levels of high-sensitivity CRP
(hs-CRP), 5 years before diagnosis, are associated with an at least twofold increased
probability of MCI [66]. hs-CRP is a sensitive marker of systemic low-grade inflammation
and tissue damage. CRP has been found in and around amyloid plaques and around small-
vessel damages. Stephan et al. reported in their comprehensive review of the
neuropathological profile of MCI that the upregulation of complement proteins, the
expression of cyclooxygenase-2, IL-6 and microglia activation do not appear to be
significantly changed in the cognitive changes seen in early cognitive disorders [67];
however, most of the studies on MCI would exclude patients with comorbid conditions, in
particular those related to psychiatric and/or vascular disorders [68].

Inflammation contributes to the pathogenesis of some but not all depressed patients [20] as
well as some but not all MCI patients. Different studies have demonstrated the link between
depression and MCI. Possibly, the depressed patients with high levels of inflammation are
the ones progressing to MCI and dementia, whereas the depressed patients with no
inflammation may be those who do not necessarily progress to have neuropathological
changes. Inflammation may play an important role in the presence and development of MCI.
Independent segments of the inflammatory cascade seem to be activated at different stages
of disease. Studies exploring the relationship of inflammation between depression and MCI
are needed to further understand the specific segment of the inflammatory cascade
compromised when these two disorders are comorbid.

Inflammation as the mediator

It has been hypothesized that the progression of depression to dementia could result from the
chronic inflammatory changes that are linked to the activation of macrophages in the blood
and microglia in the brain [20]. Several studies have reported higher serum levels of the
inflammatory cytokines IL-6, IL-1 and TNF-a in depression and AD [69]. IL-1 is an
immunoregulatory cytokine that is overexpressed early in plaque formation. It promotes the
synthesis and processing of amyloid precursor protein and therefore promotes further
amyloid production, deposition and plaque evolution. Amyloid precursor protein in turn
activates microglia, inducing excessive expression of IL-1 [70]. IL-6 is a cytokine that
mediates immune responses and inflammatory reactions, affecting CNS cell growth and
differentiation. IL-6 overexpression is generally detrimental and destructive to cell growth.
It is a proinflammatory cytokine that induces acute-phase proteins. Numerous studies have
shown a relationship between IL-6 and the development of AD [71]. In addition,
proinflammatory cytokines correlate with the alteration of the expression and processing of
the amyloid-B (AB) precursor protein, triggering the amyloid cascade that leads to the
neuropathology of AD. In a reciprocal fashion, once the amyloid plaques have been formed,
fibrillar AR promotes the production of proinflamatory cytokines by microglia and
monocytic cell lines (Figure 1) [69].

Hypersecretion of the corticotropin-releasing factor (CRF) and hyperactivity of the HPA
axis have been consistently demonstrated in chronic stress and depression [72]. This results
in activation of inflammatory pathways, which are manifested by the increased
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proinflammatory cytokines and increased acute-phase proteins. Data indicate that the most
reproducible finding of immune activation in patients with depression is increased plasma
levels of IL-6 and its downstream product from the liver, CRP [17]. However, CRP, as well
as other inflammatory markers, has been reported to be increased, decreased or normal in
depression and AD. There have been conflicting reports that could be partly explained due
to the heterogeneity across studies, lack of methodological standardization and differences
in collection techniques. In addition, the circadian rhythm could have a significant impact on
the values of the different inflammatory markers, so temporal variation must be considered
when analyzing inflammatory indicators. Table 2 presents a summary of different
inflammatory markers found across studies in AD and depression [16,73-84].

Despite inconsistencies in the data regarding the cause—effect relationship between
depression, MCI and dementia, there is clear clinical relation among them. Substantial data
exist supporting that neurodegenerative changes in depression and dementia are associated
with an increase in proinflammatory cytokines, hypercortisolemia and other inflammatory
mediators [20]. Discrepancies in the inflammatory findings reflect the lack of
standardization in methodological procedures. Unifying sample collection and overcoming
laboratory processing differences will help to clarify the inconsistencies with these findings.

Recent findings by Raison et al. suggest that CRP could be a biomarker in differentiating
those patients with a different pathophysiological mechanism of depression
(neuroinflamation). They found that by stratifying depressed patients according to the level
of inflammatory markers (hs-CRP), there are differences in the antidepressant response
using anticytokine therapies [85]. Identification of those patients with incipient development
of neuroinflammation and increased disease risk could bring an immense opportunity for
early intervention on their clinical course to potentially change the path of the events and
thereby decrease the devastating epidemic of dementia.

Conclusions

A subset of depressed individuals will develop cognitive impairment and subsequent
dementia, and only some depressed patients present with high inflammation. Perhaps those
with activation of the inflammatory pathway due to severity of the episode or due to genetic
predisposition are the ones who are more vulnerable to either develop vascular events,
trigger the amyloid cascade or both. This in turn may activate the inflammatory pathway,
promoting more amyloid deposition or more vascular dysfunction according to
comorbidities and/ or genetic predisposition. The extent of one type of injury (amyloid
deposition) versus the other (vascular dysfunction) caused by the different pathways and the
proportion of each pathology would contribute to the development of different degrees of
neuropathology without being mutually exclusive. It is possible that those individuals who
have a more significant vascular stigmata would develop vascular depression leading to
vascular MCI and a more prominent vascular type of dementia, whereas those with more
predominant AD pathology would develop a more apathetic type of depression including
those nonclassifiable depressive syndromes and later progress to amnestic MCI and convert
to AD (Figure 2).
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Better understanding about the role of inflammation in the pathophysiology of these three
disorders and the development of biomarkers targeting the inflammatory pathway would
help advance the field tremendously, not only in the diagnosis of these heterogeneous
disorders but also in the development of newer therapeutic strategies.

Expert commentary

There is inevitable discrepancy when diagnosing entities that are heterogeneous in nature in
the absence of biological markers. Advances in neuroimaging techniques have advanced the
accuracy of the diagnosis of dementia, such as using structural MRI (to measure
hippocampal volume), PET scans and amyloid imaging as tools to differentiate and
understand dementia. Neuroradiology is also slowly advancing in the field of mental illness
with functional MRI and nuclear magnetic resonance spectroscopy being explored in the
understanding of mental disorders. However, most of these techniques do not have the
diagnostic specificity needed to be widespread clinical resources and remain research tools;
they do not yet function as established biological diagnostic markers in clinical settings
addressing depression, mild cognitive disorders and dementia.

In addition, depression has a wide variety of presentations in all age groups. Even the
Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, and International
Classification of Diseases, tenth revision, nomenclature have remarkable limitations when
trying to narrow a psychological diagnosis. These have been well described, particularly in
the geriatric population in which depression may present with subsyndromal symptoms
nonidentifiable with the strict current criteria.

While older adults with depression are less likely to complain of ‘subjective dysphoria’ than
younger adults but more likely to have vegetative signs and cognitive disturbance related to
depression (thus presenting with an “atypical signature of depression’ [86]), one could
wonder if this atypical presentation may have a different etiology than depression in the
younger population. This subthreshold or atypical presentation may be secondary to neuro-
degenerative changes related to amyloid deposition, presenting then as the prodrome of
dementia.

Several studies have reported that the presence of apathy as part of the depressive episode
increases the risk of conversion to dementia [45]. The Robert et al. diagnostic criteria for
apathy suggest that the lack of initiation versus responsiveness is the core symptom in the
differentiation between the diagnosis of apathy versus nondysphoric depression [87,88].
Apathy could potentially be the prodrome neuropsychiatric symptom very commonly
misdiagnosed as depression.

A unified diagnostic criteria for apathy and the clarification of whether this disorder differs
or actually overlaps with the non-classifiable subthreshold depressive syndromes (such as
depression without sadness or subsyndromal depression in the elderly) is crucial, and would
shed light on the current controversy of depression as a prodrome or a risk factor of AD.
Reaching a consensus on the definition and nosological position of apathy within dementia
is vital to increase understanding of risk factors and enable comparisons across research and
practice [89].
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Furthermore, vascular pathology contributes to the pathogenesis of depression in late life.
Indeed, cerebrovascular disease, observed in neuroimaging studies controlled for white
matter lesion severity and increased arterial stiffness, assessed using carotid artery
distensibility and pulse wave velocity, has been observed in patients with depressive
symptoms in large epidemiologic studies [10,47,90]. Inversely, vascular events have been
linked with a past history of depression, a prior history of depression, or depressive
symptoms have been strongly associated with subsequent development of ischemic heart
disease and myocardial infarction [91]. A significant correlation has been described between
depression and vascular disease; in particular, cardiovascular mortality, coronary disease
and heart failure [10]. Inflammation and immune dysregulation have been critically involved
in vascular disease. Elevated CRF concentration in cerebrospinal fluid, nonsuppression of
cortisol secretion after dexamethasone administration and overexpression of hypothalamic
CRF neurons in depressed patients have all been well documented [92-94]. In addition,
chronic inflammation has a significant direct impact on vascular endothelial cells [10] and,
in the same way, vascular disease could be a consequence of the ‘glucocorticoid cascade’.
Inflammation can follow, precipitate or aggravate vascular events. Therefore, inflammation
has a bidirectional role in the link between depression and vascular pathology.

There is robust evidence that inflammation plays a crucial role in some types of depression.
However, some depressive episodes are the result of a transient psychological stress not
causing permanent neuronal injury. Nevertheless, increased depression burden (either by
severity or number of episodes) could cause a neuronal insult with detrimental consequences
to brain cells. Decreased hippocampal size has been described in some depressed individuals
[28]. Chronic stress has been correlated with hypercortisolemic states, hypersecretion of the
CRF, hyperactivity of the HPA axis, increased proinflammatory cytokines and increased
acute-phase reactants impacting negatively on hippocampal size [29], one of the main
neuroanatomical changes in AD. The use of specific inflammatory biomarkers to identify
those depressive states at risk of developing dementia could be revolutionary in the way we
diagnose and treat major depression and impact the progression to dementia.

The clinical syndrome of dementia takes place several years after the neuropathological
changes have occurred, so early identification of preclinical stages and risk factors is critical
in order to modify the course of illness. Identification of biomarkers as diagnostic aids to the
recognition of patients in predementia stages will add precision to the incipient current
diagnostic work-up of AD.

Five-year view

There are several areas that should be addressed with targeted research to further define the
link between depression, MCI and dementia.

First, as discussed in this article, the fundamental challenge when trying to link
heterogeneous disorders is the lack of unifying diagnostic criteria and the highly subjective
tools used in research and clinical practice. New diagnostic criteria based more on
underlying neurobiology rather than clinical syndromes would be the first step to progress in
establishing a biological connection between these three disorders.
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Second, the use of advanced technology in research and clinical practice, such as the
implementation of neuroimaging and CSF markers in the diagnosis of different types of
dementia, would help to understand the end point of the progression from depression, MCI
and dementia. Biomarkers are necessary to enable more rigorous identification and
quantitation of underlying neurobiological mechanisms such as inflammation, amyloid
deposition, vascular insults and other processes that may variably contribute to cognitive and
depressive symptoms. It would help to better categorize the different pathological substrates
that may be present as a result of inflammation. Reduced concentrations of Ap, increased
total tau and increased phosphotau in CSF [95] along with positive amyloid result on PET
imaging (11C and 18F PET imaging [96]) and reduced hippocampal size in structural
imaging [97] are current useful tools that have not been incorporated into the diagnostic
criteria for AD. The use of cost-effective novel markers and neuroradiology techniques to
detect the early pathological manifestations of the predementia states in AD would help
define the role of risk factors such as depression in the progression to dementia.

Third, given that specific inflammatory mechanisms, including the cytokine-driven acute-
phase response, complement activation and microglial activation [69,98], contribute to
neurodegeneration and have been shown to play a role in the pathogenesis of depression and
dementia [99], more research should focus on identifying the mediating inflammatory
factors in the progression from depression to MCI and dementia. The discovery of
biomarkers related to the inflammatory pathway would help with the identification of
specific steps in the sequence of events that contribute to such progression and the discovery
of disease-modifying factors that may impact the course of illness of these three interlinked
disorders.

Fourth, further research is needed to elucidate the impact of early and adequate treatment of
depression. A number of reports suggest that antidepressants have neuroprotective properties
by increasing the proliferation of neural progenitors in the subgranulate zone of the HC
[100,101].

It would be important to determine if long-term continued and adequate treatment with
antidepressants may decrease the risk of developing dementia among individuals with
recurrent depression and to determine the impact of such treatment on the inflammatory
pathways.

A final and most important issue for research would be the development of novel therapeutic
strategies targeting the inflammatory pathway in order to reduce the neurotoxic effects of
neuroinflammation. Despite much evidence linking inflammation and AD, the initial
attempts to apply anti-inflammatory therapies for the treatment of AD have not been
successful. Brain tissue from elderly individuals with a history of chronic NSAID use was
compared with tissue from age-matched controls [102]. The two groups showed a similar
degree of senile plaque and neurofibrillary tangle pathology, but the use of NSAIDS was
associated with a significant reduction in the number of senile plaques associated with
activated microglia. Tepoxalin, another NSAID, inhibits the synthesis of IL-1p in microglial
cells and a-1-antichymotrypsin in astrocytes by preventing NF-kB activation [103], all
factors that are involved in the inflammatory events of AD. The use of corticosteroids has
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also been the subject of epidemiological and clinical research in AD. The potential benefit
from nonselective COX inhibitors (such as indomethacin, naproxen, ibuprofen and
diclofenac) and/or selective COX-2 inhibitors (such as celecoxib and meloxicam) has also
been supported by several studies [104]. Therapeutic mechanisms targeting key glial
activation pathways have also been reported supporting the neuroinflammation hypothesis
of disease progression [105]. Unfortunately, none of these therapeutic strategies targeting
the inflammatory pathway have reached the level of evidence to modify clinical practice. A
number of anti-inflammatory strategies have also been studied in the treatment of
depression, including the direct administration of anticytokine therapies [85]. Despite
numerous attempts to identify possible anti-inflammatory treatments for depression and
dementia, further research is necessary in order to find effective therapies that could
ameliorate, treat and even reverse the neurodegenerative consequences of inflammation.
Because neuroinflammation can be friend or foe, depending on many factors including the
nature of the immune response and stage of disease, better understanding of the role of
inflammation in depression and AD will inform more rational development of
immunomodulatory approaches.
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Key issues

The identification of specific biomarkers to differentiate the diverse types of
depressive disorders as well as the types of mild cognitive impairment and
dementia would help to elucidate the potential mechanism linking these
illnesses.

The most reproducible findings of immune activation in patients with depression
are increased plasma levels of IL-6 and its downstream product from the liver,
C-reactive protein, which could serve as biomarkers to identify those depressive
syndromes at risk of progression to dementia.

There are various types of depressive syndromes and each one may possess a
different risk in the progression from mild cognitive impairment to different
types of dementia.

Apathy may be an earlier clinical manifestation of the neuropathological
changes in the brain related to Alzheimer’s disease, which are commonly
misdiagnosed as depression.

High levels of cortisol have been linked to depression, and prolonged
hypercortisolemia has been linked to smaller hippocampal volumes, increasing
the risk of dementia.

Inflammation has been associated with both Alzheimer’s pathology and vascular
changes in the brain. The inter-relation between inflammation and other factors
such as genetic, environmental and comorbid conditions will ultimately
determine the type of predominant neuropathology and clinical manifestation of
dementia.
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Figure 1. The relation between depression, inflammation and the amyloid cascade
AD: Alzheimer’s disease; APP: Amyloid precursor protein; CRP: C-reactive protein.
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Figure 2. The different pathways in which depression precedes the different types of mild
cognitive impairment and dementia

AD: Alzheimer’s disease; MCI: Mild cognitive impairment; VD: Vascular dementia.
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