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SUMMARY

Background: There is a broad appreciation that a diagnosis of depression (D) in the elderly is a strong risk factor for incident
dementia, particularly Alzheimer’s disease (AD). Indeed, the two disorders might constitute a dyad, although their causal
relationship is uncertain, given the likely bidirectional and compounding effects of social withdrawal and loss of previous activities,
and the manifestation of language disturbances, cognitive dysfunction, and social disruption that are typical of both conditions. We
argue that language declines in D and AD share common patterns and biological underpinnings, and that D/AD patients might
benefit from intensive language remediation training aiming to improve the functioning of neural networks that are linked to similar
cognitive impairments.

Methods: A literature search in PubMed database included topics of language disturbances, cognitive impairments, and
molecular brain imaging by positron emission tomography (PET) to identify common patterns in D and AD regarding language
decline and its neurobiological underpinnings.

Results: Language disturbances show a particular commonality in the two disorders, manifesting in simplified language and
particular speech markers (e.g., lexical and semantic repetitions, arguably due to ruminations in D and memory deficits in AD). PET
can reveal abnormal protein deposits that are practically diagnostic of AD, but cerebrometabolic deficits to PET with the glucose
tracer FDG show a certain commonality in D and AD. Typical findings of hypometabolism in the frontal lobes doubtless underlie the
executive function deficits, where frontal hypometabolism in prodromal D increases with AD progression. This may reflect
overlapping changes in noradrenaline and other neurotransmitter (e.g. serotonin) changes. Cerebrometabolic deficits associated
with language dysfunction may inform targeted language remediation treatments in the D/AD progression.

Conclusions: Language remediation techniques targeting specific language disturbances might present an important
complimentary treatment strategy along with an adjusted pharmacotherapy approach and standard psychosocial rehabilitation
interventions. We see a need for investigations of language remediation informed by the overlapping pathologies and language
disturbances in D and AD.

Key words: action language treatment — Alzheimer’s disease — aMCI — amnestic mild cognitive impairment — hypometabolism —
cerebrometabolic profile — cognitive decline — depression — FDG PET — language disturbances — lexical repetitions — personal
pronouns — prefrontal cortex — progressive aphasia — ruminations — simplified language — semantic memory loss — temporoparietal
cortex — word finding difficulties

Abbreviations: AD — Alzheimer’s disease; D — depression, i.e., major depressive disorder; aMCI —amnestic mild cognitive
impairment; PET — positron emission tomography; FDG — [F]-fluorodeoxyglucose
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INRODUCTION

Clinical observations highlight the complex inter-
relationship between depression (D) and Alzheimer's
disease (AD), a devastating illness in which D is a
common comorbidity and predisposing risk factor.
Indeed, there is a clear association between D and risk
of developing cognitive impairments and AD (2- to 5-
fold increased risk in cases of late-life D), arguably in
relation the shared pathophysiological pathways such
as neuroinflammation, vascular disturbances, and neuro-
degeneration processes (Andersen et al. 2005, Dafsari
& Jessen 2020, Richard et al. 2013). Markers of key
biogenic monoamine neurotransmitters, notably cor-
tical noradrenaline loss due to degeneration of the
locus coeruleus (LC), in conjunction with declining
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glucocorticoid production and increased levels of
inflammatory cytokines in late life D likely affect
healthy behavior patterns. Neurochemical and beha-
vioral changes may together confer risk of developing
cognitive decline and dementia (Butters et al. 2008,
Elser et al. 2023, Porcelli et al. 2016, Sierksma et al.
2010, Steffens 2017, Smith et al. 2023). A landmark
study of data collected from more than one million
people in Denmark during 1977 to 2018 showed that D
in middle age could more than double (OR 2.4) the
risk of developing dementia later in life (Elser et al.
2023). Findings presented incident D as at once an
early symptom of dementia and a risk factor; the
depression-dementia link was significantly stronger in
men than women across the entire population diag-
nosed with D in early adulthood and in mid-, and late-
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life. Indeed, D emerged as the most consistent risk
factor related to cognitive decline, behavioral symp-
toms, and psychological difficulties in AD patients
(Hudon et al. 2020). The observation that pre-existing
D can promote AD, here focusing on their common
manifestations of thought, language and communica-
tion disturbances, finds support in longitudinal investi-
gations highlighting the early and effective treatment
of D through pharmacological or psychotherapeutic
intervention might delay or reduce the risk of dementia
onset (Sdiz-Vazquez et al. 2021).

Action language treatment is of proven efficacy for
improving general cognitive functioning in patients
with aphasia. Apart from restoration of communication
abilities, language remediation techniques represent a
resource for patient management systems that can in-
clude cognitive enhancement therapy, cognitive skills
training, cognitive remediation, or other approaches
targeting cognition in a variety of mental disorders,
including D (Beck et al. 1988, Brady et al. 2016,
Breitenstein et al. 2017, Volkmer et al. 2020). The key
objective of the present narrative report is to focus the
attention readers on overlapping and potentially
modifiable aspects of the D-AD dyad. We see a need
for broader study of common linguistic patterns in
the D and AD through evidence-based prospective re-
search, to elaborate target-related language interven-
tions (e.g., the action-language treatment approach)
for D/AD treatment. In our opinion, patients in the
D/AD spectrum should benefit from language re-
mediation exercises targeting specific language-
patterns within the system of cognitive training within
psychosocial interventions. We anticipate that such
efforts might postponing dementia onset in elderly D
patients.

We hypothesize that language decline in D and AD
shares common patterns and biological underpinnings,
and speculate that D/AD patients should similarly be-
nefit from the intensive language remediation training
aiming to improve the functioning of language-related
neural networks. This model has pivotal implications
for public health strategies aiming to moderate cogni-
tive decline in the elderly (Ownby et al. 2006). In
support of this model, we review findings on language
disturbances patterns, neurochemical pathology, and
PET that support a shared underlying neuropathology.

SUBJECTS AND METHODS

A literature search in PubMed database included
topics of language disturbances (decline, impair-
ments), cognitive impairments (decline, disturbances),
and PET (FDG-PET) findings in D (major depressive
disorder, depressive episode) and AD, to find common
patterns specifying depression-dementia links in terms
of language patterns and their biological under-
pinnings.

RESULTS

Clinical insights on D and AD via patterns
of language decline

Exploring the connection between language pat-
terns and brain health revealed specific insights into D
and AD. Language patterns serve as diagnostic indi-
cators for cognitive processes (e.g., mild cognitive im-
pairments, verbal memory deficits), offering an
approach to investigate brain function in D and AD.
Patients with D tend to use negatively charged words
like “sad”, “tears”, “cry”, "miserable", and past-focu-
sed words, reflecting their entrapped emotional state
(Rude et al. 2010, Eichstaedt et al. 2018, Kim et al.
2021). Moreover, there is an increased usage of first-
person pronouns such, indicating a self-focused atten-
tion, and past tense verbs, shifting into past life events,
as well as polarized pronouns (e.g., “never”, “every-
one”), demonstrating black and white thinking (Rude
et al. 2010, Zimmermann et al. 2017, Smirnova et al.
2018). Syntactically, D patients often prefer simpler
sentence structures (already in mild D state) and
concrete language (especially in moderate and severe
forms of D), making their communication less abstract
and more tangible (Fineberg et al. 2016, Smirnova et
al. 2019, Tackman et al. 2019). In terms of discourse,
lexical and semantic repetitions are common, mirro-
ring ruminative thinking (Nolen-Hoeksema et al. 2008,
Smirnova et al. 2018).

AD patients frequently experience word-finding
difficulties, semantic paraphasias, leading to pauses
and substitutions, as well as repetitons to compensate
lexical access problems (Garrard et al. 2005, Ahmed et
al. 2013, Smirnova et al. 2021). With AD progression,
syntax becomes simplified, and narratives often lack
coherence, being characterized by fragmented and re-
petitive speech patterns related to the cognitive decline
(Taler & Phillips 2008). D and AD exhibit shared
linguistic features, such as simplified language and
repetition, albeit arising for different reasons, namely
rumination in D versus memory deficits in AD. The
distinguishing features lie in emotional content and
pronoun usage. Unlike AD, D is associated with nega-
tively valenced language and increased first-person
pronoun use. AD patients mostly struggle with word
specificity, semantic issues, and lexical retrieval. The
understanding of these language patterns has signifi-
cant implications for both diagnosis and treatment.
Clinical interviews focusing on language use provide
further diagnostic insights, and, in terms of therapy,
specific linguistic targets might be used for therapeutic
interventions not only to improve communication and
reduce social isolation, but also to train cognitive
functions via language exercises. Thus, clarifying the
distinct and overlapping language patterns in D and
AD might enhance diagnostic and treatment strategies
for both states.
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Cognitive impairment, language disturbances
and PET signs in D and AD:

focusing on biological candidates

explaining depression-dementia links

Clinical signs of typical AD have onset in late middle
age, presenting first with subtle cognitive impairments
and mood changes can precede overt memory loss by a
decade or more. The cerebral pathologies of AD in-
clude a characteristic triad of atrophy of the hippo-
campus and neocortex in conjunction with aggregation
of beta-amyloid and phosphorylated tau protein, which
is moderated by gender and carriage of the APOE &4
allele (Nemes et al. 2023). PET examinations with the
glucose analogue ['*F]fluorodeoxyglucose (FDG) en-
ables the mapping of cerebrometabolic deficits, whereas
specific tracers depict the patterns of abnormal protein
aggregates. There is an enormous literature attesting to
the occurrence of amyloid-beta and tau deposits at a
very early stage of AD, but less attestation of pre-
morbid metabolic disturbances to FDG-PET.

The prodromal phase of AD, commonly designated
as amnestic mild cognitive impairment (aMCI), mani-
fests mainly in deficits in short term memory, but
disturbances of spatial awareness are also present early
in the disease process (Verghese et al. 2017). Depres-
sive symptoms are a frequent finding in prodromal
AD, but the causal nature of this association is uncer-
tain; a depressive state in late middle may be an early
indication of neuropathology, or might be a driver for
AD disease, insofar as social withdrawal typical of D
may reduce the individual’s resilience in the face of an
ongoing neurodegenerative disturbance. Thus, for
example, failure or a marginal pass in a motor vehicle
driving test was associated with biomarkers of AD
pathology in a sample of non-demented elderly indivi-
duals, but the presence of D accelerated the onset of
driving difficulties (Babulal et al. 2018). Furthermore,
the presence of informant-reported increases in anxiety
and depressed mood in non-demented elderly people
shows an association with elevated levels of beta-
amyloid to PET, suggesting that D may be an inherent
aspect of early AD pathology (Gontrum et al. 2024).
Self-reported subjective cognitive decline in the
elderly was a risk factor for cognitive decline during
subsequent years, which furthermore showed media-
tion by D and the presence of white matter hyperinten-
sities (Liu et al. 2024). Such results might imply that
an early cerebrovascular pathology manifesting in
white matter changes may be a common substrate for
geriatric D and AD.

As noted above, cerebral hypometabolism to FDG
PET is characteristic finding in AD. However, the
association with other hallmark pathologies is com-
plex; in one study, a group of aMCI participants
underwent FDG-PET as well as tau-PET and amyloid
PET, with clinical follow-up during two years after
scanning (Boccalini et al. 2024). Applying a data-
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driven algorithm indicated the presence distinct meta-
bolic subtypes of aMCI in the study population, invol-
ving differing degrees of cortical versus hippocampal
hypometabolism and differing associations with re-
gional amyloid-beta and tau accumulation. Concei-
vably, such heterogeneous findings in mMCI may be
indicative of a variety of pathophysiological pathways
that converge on the more typical pattern of cerebro-
metabolic pathologies typical of AD. Stages of Objec-
tive Memory Impairment (SOMI) provides a standar-
dized ranking of disease severity, which bears some
relation to scores in the more widely used MMSE. In
an FDG-PET study of aMCI patients, the SOMI-4
subgroup (mean MMSE = 27) showed hypometabolism
mainly in posterior and temporal structures, with in-
volvement extending into frontal structures in the
SOMI-5 subgroup (mean MMSE = 25) (Brugnolo et al.
2024). This is in keeping with the well-known Braak
staging of AD progression based upon the spreading of
hyperphosphorylated tau protein aggregates, as first
attested by histological examination of post-mortem
tissue showing a predictable sequence of regional
involvement (Braak et al. 2006).

FDG PET findings in D are considerably less dis-
tinct than in the progression from aMCI to manifest
AD. An early study showed increased frontal to
occipital FDG uptake ratios, and relatively decreased
metabolism in the basal ganglia of a group of indivi-
duals with unipolar D (Buchsbaum et al. 1986), i.e., a
partial match with the posterior-anterior progression of
hypometabolism described in AD. In a study compa-
ring small groups of AD patients with and without D,
the former group showed a relatively greater frontal
hypometabolism (Lee et al. 2006). Other FDG-PET
studies linked reduced metabolism in (inter alia) fron-
tal brain regions with a predilection for developing D
in the context of pre-dialytic chronic kidney disease
(Song et al. 2008), in oncology patients (Kumano et al.
2007), and in individuals with systemic lupus erythe-
matosus (Saito et al. 2017). The common denominator
of these various studies linked impaired metabolism in
frontal brain structures with depressed mood, irres-
pective of the possibly precipitating medical illness.

A deficit in executive function, which is typically
associated with the frontal lobes and anterior cingulate
cortex, is an exacerbating factor in D, especially among
the elderly (DeBattista 2005). In a meta-analysis of 37
studies assessing the Trail Making Test and the Stroop
Color-Word Test in relation to D, gave strong evidence
that psychomotor slowing and specific deficits in
executive function are characteristic of depressive state
per se (Nuifio et al. 2021). In an FDG PET study of
healthy young adults, depression inventory scores cor-
related inversely with a metabolic connectivity bet-
ween the posterior cingulate cortex (PCC) and a
network including the anterior cingulate, medial
prefrontal cortex, inferior and middle frontal gyrus, as
well as the insula (Wang et al. 2023). This raises the
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possibility that metabolic network disturbances may be
an early feature of mild, subclinical D. “Depressed”,
but “non-demented” elderly subjects showed signi-
ficant hypometabolism to FDG-PET in the bilateral
fronto-temporal cortex and posterior cingulate cortex
(PCC) (Brendel et al. 2016). In an FDG-PET study of
neural correlates of language disturbance in unmedi-
cated D patients (who showed a distinct deficit in
verbal learning), there was a positive correlation
between verbal recall and FDG uptake in bilateral
dorsomedial frontal cortex, dorsolateral prefrontal
cortex (DLPFC), and dorsal anterior cingulate (Milak
et al. 2019). Patients with diagnosis of D had reduced
FDG uptake in the putamen, claustrum, insular, infe-
rior frontal gyrus, and supramarginal gyrus (Su et al.
2018). These regions of reduced metabolic activity
impaired functional connectivity to key network hubs,
including the inferior frontal gyrus, middle frontal
gyrus (MFG), angular gyrus, and calcarine sulcus,
middle frontal gyrus (MFQG), corresponding to regions
of the salience network (SN), primary visual cortex
(V1), and language network. Nonetheless, there was no
correlation between perturbed metabolic connectivity
and the severity of particular clinical symptoms.

In an FDG-PET study of patients with temporal
lobe epilepsy, those with involvement of the (left) lan-
guage dominant hemisphere had metabolic asymmetry
in the frontal cortex, perhaps in relation to a history of
secondarily generalized seizures (Jokeit et al. 1997).
To multivariate analysis of variance, this prefrontal
metabolic asymmetry had a main effect on neuro-
psychological 'frontal lobe measures', including verbal
and performance intelligence measures.

Given certain commonalities in the cerebrometabolic
profile and deficits in executive function reported in D
and AD, it is unsurprising that the topic of antide-
pressant therapy in the elderly is a matter of concern.
In particular, if geriatric depression is a “calling card”
for incipient dementing illness, then prescription of
antidepressants in later life might be predictor of onset
of dementia. Furthermore, there is a paucity of evi-
dence attesting to the efficacy of antidepressants in
patients with established AD (Costello et al. 2023).
The relative intransigence of D in association with
dementia to pharmacotherapy suggests that it may be a
distinct entity. Thus, D occurring in dementia might be
a manifestation of a generally “sick brain”, perhaps in
relation to the considerable comorbidity of AD with
vascular and white matter changes. A still more distur-
bing prospect arises in the context of antidepressant
use as a precipitating factor in the advent of dementia
in the elderly. A systematic literature review of such
studies showed a very strong association (OR 2.2)
between antidepressant use among the elderly, espe-
cially when initiated between the age of 65 years
(Moraros et al. 2017). Naturally, observational and
cross-sectional studies cannot attribute causality, i.e.,

distinguish between the two baleful possibilities: (1)
depressive illness in the late life is a herald of per-
vasive neuropathology leading to dementia, or (2) anti-
depressant use contributes to or accelerates the onset
of AD. This distinction would seem to be a matter
calling for serious investigation, as it might prove to
have fundamental bearing on the central question of
this brief narrative.

Observations such as the association between social
isolation and risks for late-life / geriatric depression
and “dementing” illness draw further attention to this
issue (Shafighi et al. 2023). Are social withdrawal and
depression precipitating factors, prodromal symptoms,
or non-specific signs of a greater frailty and debili-
tation that predisposes to physical illness? Missing in
this debate is a clear pathophysiological pathway whe-
reby D could be a factor in the development of AD.

PET findings highlight those reductions in the sero-
tonin transporter were more robust than cerebral atrophy
in patients with aMCI (Zackova et al. 2021). The
noradrenergic neurons of LC present another possible
central element in the D-AD link. The LC consists of
small clusters of neurons in open medulla that provide
the main innervation of noradrenergic fibres to the
forebrain. The LC neurons contain the pigment neuro-
melanin, which is detectable by specific MR protocols.
In a quantitative MRI study of groups of non-de-
mented elderly individuals with or without late life D,
there was no significant effect of diagnosis on the
integrity of the LC (Calarco et al. 2022). However, a
correlational analysis comprising the entire study po-
pulation showed a significant correlation between LC
integrity with cognition. This seems in keeping with
well-established findings that noradrenergic signaling
in brain is a key factor in cognitive flexibility and
memory (Chamberlain & Robbins 2013), and other
findings implicating impairment of noradrenergic
signaling in association with major depressive disorder
(Cottingham & Wang 2012). Furthermore, there are
reports of degeneration of the LC in post mortem
studies of patients dying with AD, and likewise in
Parkinson’s disease patients (Beardmore et al. 2021).
Thus, we present as a conjecture that impairment of
the LC and noradrenergic signaling may be a common
factor linking depression, executive dysfunction, and
the risk for dementia in the elderly.

While largely a matter of conjecture, we suppose
that this model should motivate various studies that
could better establish a link between brain noradre-
naline, late-life D, and risk of dementia. Considering
the potential of PET in this regard, radiopharmaceu-
ticals that bind selectively to the noradrenaline
transporter in brain are fit to detect degeneration of the
LC innervations in cerebral cortex of rats (Sakai et al.
2023). However, there has still been no application of
this technology to the study of aging and brain
noradrenaline in humans. Similarly, PET studies with
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the o, adrenergic receptor antagonist [!!C]-yohimbine
reveal the distribution of binding sites in living brain,
and serve for the indirect detection of central nor-
adrenaline release upon stimulation of the vagus nerve
(Landau et al. 2015). This may be particularly relevant,
as vagal stimulation can be beneficial in treatment-
resistant depression. Finally, a recent phase II trial of
the noradrenergic drug atomoxetine showed in volun-
teers with aMCI positive benefits with respect to
normalization of cerebral metabolism to FDG-PET, as
well as decreasing levels of tau markers in cerebro-
spinal fluid (Levey et al. 2022). However, the brief
trial with atomoxetine was not fit to test for an impro-
vement in cognition. We anticipate that future explo-
rations of noradrenergic mechanisms may cast new
light on the pathology and therapeutics of late life
depression in relation to dementia risk.

DISCUSSION

As attested by large-scale longitudinal studies, in-
cident D, in mid-life age and late in life, is a risk factor
for subsequent development of dementia, particularly
AD (Elser et al. 2023). It is difficult to disentangle the
multiple or reverse causality and clarify biological
mechanisms underlying this relationship, given the
likely bidirectional and compounding effects of social
withdrawal and loss of previous social activities as
occur in the D/AD dyad. However, common patho-
physiological mechanisms (e.g., nerve growth factors,
inflammatory response changes, dysregulation of
lipoprotein, folate) were found in cohorts of D and AD
patients, as well as similar genetic polymorphisms of
the brain-derived neurotrophic factor, apolipoprotein
E, and increased inflammatory cytokines have been re-
gistered in association with the elevated risk for late-life
D and AD (Ye et al. 2016). This data points to potential
role of the described molecular mechanisms acting as
the triggers of D and AD progression with the age.

Language decline demonstrate a particular commo-
nality in the two disorders, manifesting in simplified
speech and particular linguistic markers, such as lexical
and semantic repetitions. However, from the clinical
point of view it happens due to rumination in depression
vs. memory deficits in AD, but in both cases syntax
decline and semantic deterioration, compared to other
language disturbances, are more profound and increase
with the severity of the disorders over their progres-
sion in time. This phenomenon of language decline
still gives further credence to a model relating some
common underlying biological underpinnings, such as
disturbances at the level of neurotransmitters or other
neuropathologies of D and AD.

PET studies observed the reduced glucose meta-
bolism in the prefrontal cortex in D, in association
with mild cognitive impairment, executive function,
verbal memory deficit, impaired decision-making and
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emotional regulation, whereas mild cognitive impair-
ment and verbal memory decline were related to
dysregulation in the serotonin neurotransmission in D
and AD (Smith et al. 2017, Zackova et al. 2021, Elser
et al. 2023). PET studies in early AD show main
hypometabolism in temporoparietal cortex, followed
by progression to frontal lobe hypometabolism,
doubtless underlying the deficits in executive functions
and language abnormalities. Furthermore, common
hub genes in frontal lobe are identified for different
types of dementia (Tian et al. 2022). As a matter of
speculation and based on our review, we draw
attention to various preclinical and clinical findings
implicating a failure of noradrenergic transmission
(and deterioration in serotonin neuromediation) to
aspects of cognitive dysfunction, including language
impairments, in D and AD (Chamberlain & Robbins
2013, Cottingham & Wang 2012, Levey et al. 2022,
Sakai et al. 2023).

CONCLUSIONS

There is a commonality in language disturbances
between D and AD, characterized by simplified lan-
guage use (simplified syntax) and specific speech
markers, such as lexical and semantic repetitions. PET
imaging in AD shows markers for amyloid and tau
deposition, as well as metabolic deficits in temporo-
parietal areas and other brain zones. While protein
deposits indicate AD, frontal hypometabolism is seen
in both D and AD. Degeneration of serotonin and nor-
adrenaline neurons may present a precise research
focus in relation to the progression of cerebral hypo-
metabolism and cognitive deficits. Language patterns
common to D and AD present an additional target for
evidence-based language remediation through inten-
sive action language treatment, to complement phar-
macotherapy and psychosocial rehabilitation in D and
AD patients. Early interventions should proceed not
only with the novel approaches to treatments (e.g.,
noradrenergic agents, serotoninergic agents, language
remediation techniques), but also destigmatization and
fostering supportive communities for individuals
living with D and AD.
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