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Abstract: This review describes associations between dementia and loneliness on the neurobiological
and epidemiological levels according to the recent body of literature. The aim of this study was to
highlight major lines of research in this field. Sociocognitive skills and social interactions present
complex interdependencies with dementia which may be explained by two theories. According to the
first one, not sufficiently engaging in social or cognitive activities results in brain atrophy. The second
one claims that brain neurogenesis and synaptic density are being increased by social connections.
The relationship between loneliness and dementia could be mediated by sensory loss, including
hearing and visual impairment, as well as depression and psychotic symptoms. Loneliness itself
might cause a depletion in sensory and cognitive stimulation which results in a decrease in neural
reserve. Certain changes in the structures of the brain caused by loneliness were found in imaging
examination. Loneliness appears to be a crucial risk factor for dementia in recent times due to the
modern lifestyle and consequences of the outbreak of COVID-19. Additional studies are required to
understand more completely the key tenets of this topic and therefore to improve the prevention and
treatment of dementia.
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1. Introduction

Dementia represents a pressing medical and social concern for both the present and
the forthcoming years. Around 55 million people worldwide suffer from this condition,
and this is expected to rise to 78 million by 2030 and 139 million by the WHO [1]. It
also has significant economic implications with global societal costs of dementia of
USD 1.3 trillion and with an expected rise to USD 2.8 trillion by 2030 according to the
WHO [1]. There are multiple risk factors for this disorder, but one of them occurs to be
especially important due to today’s lifestyles—loneliness. This is another rising problem
nowadays, affecting in certain countries up to 1 in 3 older people according to the
WHO [2]. The crucial influence of social isolation and loneliness on mental and physical
health in old age is evident. These factors are linked to psychiatric disorders, including
anxiety, depression, psychotic disorders, and Alzheimer’s disease, as well as physical
conditions such as cardiovascular diseases and autoimmune diseases [3]. Loneliness
can concern the emotional and/or social sphere [4]. Emotional loneliness refers to the
lack of an attachment figure (together with feelings of isolation) and includes feeling
lonely when not being alone as well. Social loneliness is defined as the absence of a
social network, the circle of people that lets the individual feel a sense of belonging to a
part of a community [5]. Sensitivity to psychological distress and emotional loneliness
is said to increase the risk of dementia; however, there is not as much evidence for
this phenomenon as in the field of social loneliness. Conversely, an expansive social
network might prevent cognitive decline in older age [6]. Additionally, accumulating
evidence indicates that loneliness itself could cause a depletion in sensory and cognitive
stimulation which results in a decrease in neural reserve [7,8]. Over the years, limited
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research has sought to establish a link between social isolation and loneliness and the
onset of dementia, but the nature of this relationship remains relatively unexplored.
Notwithstanding the increasing evidence linking loneliness to the risk of dementia, the
published literature has shown a degree of inconsistency.

The question could arise whether loneliness causes dementia or dementia causes
loneliness. There is an assumption that loneliness may be a behavioral reaction to dimin-
ished cognition. Moreover, impaired social cognition and diminished sociocognitive skills
are typical for prodromal dementia [9]. The aim of this narrative review is to report on
the recent literature and highlight the lines of research concerning potential relationships
between loneliness and dementia.

2. Methodology

In this comprehensive narrative review, we directed our attention toward acquiring
a holistic perspective on the subject matter concerning the relationship between lone-
liness and dementia. Our overarching hypothesis posited that feeling lonely exhibits
correlations with cognitive impairments and the onset of dementia. To systematically
collect pertinent scientific literature, we conducted a methodical search across various
bibliographic databases, including PubMed, Google Scholar, and Web of Science. This
search was guided by a predefined hypothesis and a set of inclusion and exclusion
criteria. Only the most pertinent and current research findings were considered for
inclusion in this review.

The primary search strategy involved the utilization of specific keywords, which
encompassed the following: “loneliness” OR “feeling lonely” OR “being alone” AND
“dementia” OR “Alzheimer’s Disease” OR “cognitive decline” AND “relation*”. The
inclusion criteria were constrained to articles published in English between the years 1990
and 2023, encompassing clinical studies, in vivo and in vitro investigations, systematic
reviews, and meta-analyses. The final selection of studies for review was made through a
consensus-driven decision-making process by two authors, resulting in the inclusion of
112 resources. Articles were excluded if they did not align with the specific criteria outlined
for inclusion or if they redundantly reiterated combinations of phrases.

3. Dementia and Its Risk Factors

Dementia is a disorder characterized by a decline in cognition that interferes with
independent, daily functioning. It is caused by an interplay between genes, lifestyle,
and environment. Many factors of this condition were revealed with the development of
genetic research. There are different types of dementia such as dementia in Alzheimer’s
disease (AD), frontotemporal lobar degeneration (FLD), Lewy body dementia (LBD),
or vascular dementia (VaD). There are sex differences in the most common types of
dementia—women are more often affected by AD while men suffer more from FTD,
LBD, and VaD [10].

Risk factors of dementia are indisputably age and family history. Likewise, genetic sus-
ceptibility is a significant factor in the development of the disease, such as apolipoprotein
Eε4 allele [11]. However, none of these risk factors can be modified significantly by changes
in behavior or medical treatment. Hence, discovering new triggers of dementia that can
be eliminated or diminished by human intervention would be a significant improvement
in the treatment. An example of this could be diabetes, which has a positive correlation
with dementia [12]. Similar observations have revealed the influence of midlife obesity
and midlife hypertension on dementia as well [13]. A strong connection was also observed
between smoking and increased risk for cognitive decline [14]. The protective effect of phys-
ical activity and cognitive training was proven in research [15]. The association between
gastrointestinal tract microbiota and dementia has been established by several studies [16].
Finally, there is growing evidence that loneliness may contribute to dementia (Table 1).
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Table 1. Main studies concerning the relationship between loneliness and dementia.

Author, Year, Citation Type of Study Group Main Findings

S. B. Rafnsson et al., 2020, [17] Longitudinal, cohort study 6677 healthy individuals

Loneliness was positively
correlated with dementia after

more than 6 years, and negatively
to being married.

T. J. Holwerda et al., 2014, [8] Longitudinal, cohort study 2173 people without
dementia

Older people with feelings of
loneliness were more likely to

develop dementia after 3 years.

I. E. M. Evans et al., 2019, [18] Longitudinal study 2197 people without
dementia

No association between living
alone and poorer cognitive

function at 2-years follow-up.

S. C. Akhter-Khan et al., 2021,
[19] Longitudinal, cohort study 2880 participants

Persistent loneliness is a risk
factor for neurocognitive

impairment, whereas transient
loneliness may be a protective

factor.

A. J. Kim et al., 2021, [20] Longitudinal study 2476 individual twins

Mild levels of isolation are related
to greater dementia risk; however,
there is a greater environmental

impact.

Z. Zhou et al., 2018, [21] Longitudinal, cohort study 7867 healthy individuals
There is a greater correlation

between isolation and dementia
among men.

4. Risk Factors and Protective Elements of Loneliness and Dementia

Dementia and loneliness exhibit a multitude of shared risk factors encompassing
environmental, lifestyle, and genetic dimensions.

There is evidence to suggest that genetics can play a role as a shared risk factor for both
loneliness and dementia, although the mechanisms and genetic factors involved may differ.
Research indicates a heritable component to loneliness, suggesting that genetic factors
contribute to an individual’s predisposition to feeling lonely. Studies, including twin and
family studies, have shown that loneliness has a heritability estimate, meaning that a
portion of the variation in loneliness can be attributed to genetic factors [22]. Similarly,
genetics plays a significant role in the risk of developing dementia, particularly in certain
forms like Alzheimer’s disease. There are known genetic risk factors, including specific gene
variants (e.g., APOE gene) that are associated with an increased likelihood of developing
dementia. Having a family history of dementia is also recognized as a risk factor, suggesting
a genetic influence [23,24]. While the specific genetic factors contributing to loneliness
and dementia may not be identical, there could be some overlap, especially in the broader
context of mental health and cognitive function. Genetic factors may influence personality
traits, cognitive abilities, and mental health, all of which can contribute to both loneliness
and dementia [25,26].

It is important to note that genetics is just one piece of the puzzle, and environmental,
lifestyle, and other factors also play crucial roles in the development of both loneliness
and dementia. Loneliness and dementia are intertwined with social isolation, a recog-
nized environmental risk factor for loneliness. Individuals lacking social connections may
experience cognitive decline due to fewer cognitive stimulations and diminished social
support [27]. We delve into this subject in greater detail in the upcoming section. The
social environment plays a crucial role in loneliness and dementia. Living in socially
deprived areas or neighborhoods with limited community engagement can contribute to
feelings of loneliness. Additionally, neighborhood characteristics, such as limited access
to resources and social activities, may impact cognitive function [28,29]. Cultural norms,
societal attitudes, and community values influence both loneliness and dementia. These
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factors shape an individual’s sense of belonging and social integration, while broader
societal aspects like education, cultural practices, and attitudes toward aging impact cog-
nitive health [30,31]. Healthcare access is pivotal for mental health in both loneliness and
dementia. Limited access to healthcare resources may contribute to feelings of loneliness.
Adequate healthcare access is crucial for the early detection and management of cognitive
decline [32,33]. Economic factors are significant contributors to loneliness and dementia.
Financial hardship can impact an individual’s ability to engage in social activities, leading
to loneliness. Moreover, lower socioeconomic status is associated with an increased risk of
dementia [34,35]. Life transitions and events play a role in both loneliness and dementia.
Transitions such as retirement, loss of a spouse, or relocation can contribute to loneliness.
Stressful life events may be involved in the development or progression of dementia, and
the resulting loneliness could act as a contributing factor [36,37].

Individuals experiencing loneliness exhibit a higher propensity for engaging in behav-
iors such as smoking and a reduced likelihood of participating in regular exercise [38,39].
Both smoking and inadequate physical activity have been implicated in the risk of de-
mentia [40]. Furthermore, loneliness correlates with clinical risk factors known to elevate
the risk of cognitive impairment, including hypertension, obesity, and diabetes [41–43].
Loneliness is also associated with heightened physiological dysregulation in response
to stress, such as an increased inflammatory response to acute stressors, a factor linked
to dementia risk [44–46]. Depressive symptoms and negative affect play a role in the
connection between loneliness and compromised health, mechanisms likely extending
to cognitive aspects. For instance, negative affect has been identified as a mediator in
the longitudinal relationship between loneliness and deteriorating health over time and
negative affect serves as a risk factor for incident dementia [47,48]. We discuss this topic
more comprehensively in Section 7.

Another aspect is that loneliness and dementia share some protective elements, which
can both help mitigate loneliness and support individuals with dementia. Addressing
loneliness in individuals with dementia involves fostering social engagement, utilizing
technology for communication, and creating a supportive environment [49–51]. Meaningful
activities, cognitive stimulation, and therapeutic interventions such as music and art
therapy contribute to emotional well-being [52,53]. Caregiver education and support for
them are crucial in reducing stigma and promoting understanding [54]. A comprehensive,
personalized approach is essential to enhance the quality of life for those with dementia
and alleviate loneliness.

5. Feeling Lonely, Being Alone, and Their Connection with Dementia

Loneliness is defined as the subjective experience of isolation and a deficit in feelings
of social fulfillment [55]. It was suggested that after adjustment for other risk factors, older
people with feelings of loneliness were more likely to develop dementia than people without
such emotions [17]. Feeling lonely rather than being alone (defined as being not or no longer
married, living alone, or having a small social network, little participation in activities with
others, or lack of social engagement) may be associated with an increased risk of clinical
dementia in later life [8]. The literature shows that people living alone are more isolated
from their family members and experience more emotional loneliness than those who live
with others; however, they do not have reduced contact with friends and engage with
regular frequency in social activity. Two-years follow-ups revealed no association between
living alone and poorer cognitive function [18]. Research by Zebhauser demonstrated
that around 70% of people living alone expressed no feelings of loneliness [56]. However,
unmarried individuals indicated feeling lonelier than married individuals [17,57].

Persistent loneliness could be a dangerous risk factor for neurocognitive impairment,
whereas transient loneliness may be a protective factor for the development of dementia
compared to no loneliness. This phenomenon may show differences depending on per-
sonality traits [19]. According to the WHO, in the comparison of three groups—people
experiencing no loneliness, people who experience transient loneliness, and those exposed
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to persistent loneliness—patients from the second group have the lowest risk for developing
dementia. Nevertheless, some studies conducted in China suggested that both chronic and
transient loneliness may lead to cognitive decline, but the impact of persistent loneliness is
more significant [58]. The association might be explained by differences in neurobiological
mechanisms between those groups.

Elucidating the linkage between loneliness and the risk of developing dementia,
and determining whether it stems from social causation or social selection, represents
a significant issue of scientific concern. There are two hypotheses—the social causation
hypothesis states that loneliness itself increases the risk of dementia, whereas under the
social selection hypothesis the risk of dementia among lonelier people is more likely to
occur because of their greater underlying biological and environmental risk exposure. For
instance, in pairs of monozygotic twins, differences in the effect of loneliness on dementia
risk should be attributed to the twins’ dissimilarity in environmental exposure, as they
share all of their genotypes and common environments [20].

Referring to the literature, previous studies have examined connections between sex,
loneliness, and the risk of dementia.

Studies on the Chinese population revealed that the correlation between loneliness
and dementia is stronger in the male than female gender [21].

The recent outbreak of the COVID-19 pandemic forced many changes in social life—
social isolation and restrictions in contact even with family and close friends. People whose
social contacts were usually limited now had to face an even greater reduction. In studies,
it has been well documented that the pandemic had a negative influence on mental health,
increasing the feeling of loneliness [59]. During these times, social media started to have
a greater impact on social connections and elderly people who were not as familiar with
modern technology as young adults were socially excluded [60]. The main way of contact
during the pandemic was Internet communication—writing and making video calls. Based
on the current evidence, it is difficult to say whether video calls help to reduce loneliness in
older people [61].

6. Sociocognitive Skills and Neurobiology

One of the most crucial factors that might account for cognitive development is social
interaction. There are two theories supporting this thesis. The first one is called the
“use it or lose it” theory in which engaging in social or cognitive activities stimulates the
brain and the lack of them results in brain atrophy [62]. The cognitive reserve theory
indicates that neurogenesis and the synaptic density of the brain may be increased by social
connections. As a result, the cognitive reserve of an individual is greater and therefore
the risk of neurodegeneration, including dementia, could be lower [9,63]. Further studies
confirm that the quality and quantity of sociocognitive skills used in social interactions
are closely related to the level of loneliness and prevention of dementia [7]. It is possible
that being alone without cognitive stimulation leads to a decrease in neural reserve and
therefore to impaired social cognition. Prodromal dementia is characterized by diminished
sociocognitive skills and could result in loneliness, which creates a correlation phenomenon
between loneliness and dementia [49,64].

The influence of loneliness on dementia may be explained by neurobiological changes.
Loneliness could compromise neural systems responsible for cognition and memory, hence
making individuals more susceptible to neurodegeneration. Alterations in the brain are the
effects of the underexpression of genes that are downregulated in Alzheimer’s disease and
genes taking part in mitochondrial dysfunction as well as in oxidative phosphorylation [27].
The affected regions include the orbitofrontal cortex and the medial prefrontal cortex which
stimulate the hypothalamic–pituitary–adrenocortical axis (HPA). The HPA is responsible
for increasing the level of cortisol activation after stress triggers [46,65]. Due to long-term
loneliness, persistent stress especially activates the sympathetic nervous system which
may upregulate inflammatory gene expression, downregulate antiviral responses, and
cause greater activation of glucocorticoids and hypercortisolism, stimulating the HPA in
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turn [66–69]. The dysregulation of the HPA results in the destruction of the hippocampus—
one of the most important structures in the development of dementia and AD [7,70]. Other
brain structures changed by loneliness are gray matter volume in the left posterior superior
temporal sulcus and decreased regional white matter density in the bilateral inferior parietal
lobe, right anterior insula, and posterior temporoparietal junction [71]. Activities in the
dorsomedial prefrontal cortex, posterior cingulate cortex, and posterior insular cortex are
also observed to be diminished among lonely individuals [72,73]. It is of interest to know
that all these regions are taking part in memory, attention control, executive function,
and social brain functions. Another argument for the molecular relationship between
loneliness and dementia may be evidence from certain experiments on animals. Previous
research showed that Alzheimer’s disease was associated with social isolation through the
diminished neurotrophic factor and higher oxidative stress in brain neurons [74]. Finally,
high levels of pathologic deposits of the peptide amyloid β and the protein tau typical for
Alzheimer’s disease were found in the right entorhinal cortex and right fusiform gyrus
among people who experience loneliness (Figure 1) [75].
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Figure 1. Loneliness affects different regions of the brain responsible for higher cognitive func-
tions [46,65–69,71–76]. Loneliness may affect the activation of orbitofrontal and prefrontal cortex
leading to overactivation of HPA and, ultimately, atrophy of hippocampus—one of the most im-
portant structures in the development of dementia and AD [7,46,65–70]. Other brain structures
changed by loneliness are gray matter volume in the left posterior superior temporal sulcus and
decreased regional white matter density in the bilateral inferior parietal lobe, right anterior insula,
and posterior temporoparietal junction [71]. Activities in the dorsomedial prefrontal cortex, posterior
cingulate cortex, and posterior insular cortex are also observed to be diminished among lonely
individuals [72,73]. It is of interest to know that all these regions are taking part in memory, attention
control, executive function, and social brain functions. Finally, high levels of pathologic deposits of
the peptide amyloid β and the protein tau typical for Alzheimer’s disease were found in the right
entorhinal cortex and right fusiform gyrus among people who experience loneliness [75]. Legend:
↑—higher level; ↓—lower level; longer arrow—loneliness results in.

Certain aspects of the neurobiological evidence for loneliness causing dementia remain
unclear, and the research differs in its results in this context [7].

7. Visual and Hearing Impairment

The loss of sensory abilities with age is a natural process, yet it results in detrimental
effects on both physical and psychological conditions, including social activity which is a
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preventing factor for dementia. The main problems are visual and hearing impairment as
essential senses for communication.

It was observed that 43.5% of people over 60 years old with visual impairment suffer
from moderate to severe loneliness [77]. Hearing impairment affecting over 40% of people
over 60 years old is observed to be a risk factor for dementia [78]. It is possible that the
loss of hearing may be causally associated with dementia through social isolation [79].
Loneliness in elderly people might also mediate the relationship between sensory loss,
including hearing and visual impairment, and psychiatric symptoms such as delusions,
hallucinations, depressive symptoms, and anxiety which aggravate social isolation [80–82].

However, research results differ on the influence of sensory loss on dementia mediated
by loneliness [83,84].

8. Depression and Psychosis

Multiple studies propose a connection between depressive and psychotic symptoms
in elderly individuals with dementia and loneliness within this demographic. According to
Shen et al., there is a positive correlation between dementia and loneliness, and in 75% of
such cases depressive symptoms were also occurring [27].

In the course of dementia, behavioral and psychological symptoms in dementia (BPSD)
including agitation, aberrant motor behavior, anxiety, elation, irritability, depression, apathy,
disinhibition, delusions, hallucinations, and sleep or appetite changes may be present [85].
Research shows that elderly people with high emotional loneliness experience depressive
symptoms and hallucinations [80,83,86–88]. The correlation with the latter seems to occur
among individuals with Alzheimer’s disease or dementia as well; however, some studies
deny it [89].

For a considerable period, the association between depression and memory dysfunc-
tion, including dementia, has been recognized, but its precise nature remains incompletely
understood. Depression may be both a risk factor and a prodromal sign of ongoing de-
mentia, yet more research inclines toward the first aspect. People with depression are said
to have a higher risk of vascular dementia, mild cognitive impairment, and Alzheimer’s
disease [90]. It is estimated that for individuals suffering from recurring depression, each
episode is associated with a 13% higher rate of dementia [91]. The greatest risk of dementia
can be associated with both midlife and late-life depression [92]. The explanation for
depression being a prodrome condition of dementia might be the glucocorticoid hypothesis.
Stress in the course of depression causes the overproduction of glucocorticoids which in
turn overactivates hippocampal receptors and consequently leads to the atrophy of this
brain structure associated with dementia (Figure 2) [93–95]. What is more, in a lot of
studies, depression occurs closely in time with dementia among the elderly. It could be
assumed that late-onset depression may be a prodromal sign of neurostructural changes
in dementia [96]. Cognitive impairment in depression often does not subside—dementia
in the dementia syndrome of depression (DS) is more frequent in this group than among
individuals with depression alone [97]. Nevertheless, there are studies that appear to be
inconsistent with the conception of a correlation between depression and dementia [98].

It is worth noting that the impact of depression in the older population can be assessed
using the Geriatric Depression Scale (GDS) [99]. One key aspect is the inclusion of inquiries
not only about loneliness but also about instrumental activities of daily living (IADLs).
IADLs are activities that are necessary for living independently in the community. These
activities go beyond basic self-care tasks (activities of daily living or ADLs) and include
tasks such as managing finances, preparing meals, shopping, and using transportation [100].
Financial capacity is specifically highlighted as a critical aspect in the assessment. This is
significant because financial challenges can have a substantial impact on the daily lives
of older adults [101]. Issues related to financial management, such as budgeting, paying
bills, and handling financial transactions, can contribute to stress and anxiety, potentially
exacerbating or being exacerbated by depressive symptoms. In the research conducted
by Giannouli et al., it was demonstrated that cognitive impairment and depression not
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only coexist but also contribute to a decline in financial capacity among patients [102]. This
highlights a novel examination approach for clinicians when dealing with this specific
population [102]. It is also underlined that a thorough examination is essential to determine
whether legal guardianship is warranted [103]. The inclusion of questions related to IADLs,
and specifically financial capacity, in the GDS recognizes that depression in older adults is
not limited to emotional and psychological symptoms but also encompasses practical and
functional aspects of daily life.
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Figure 2. The glucocorticoid hypothesis. In the course of depression, stress triggers the release of
glucocorticoids from the adrenal glands. These hormones act on their B-receptors (GC+ B receptors)
in the hippocampus, overactivating them. Consequently, hippocampal atrophy occurs, which may
lead to dementia [93].

9. Reducing Loneliness among the Elderly

The COVID-19 pandemic forced generalized and rapid actions to reduce loneliness,
especially among the elderly. Prior to the pandemic, this problem was widely addressed,
and proper actions were implemented as well. Meeting centers that were opened in
many countries were shown to have a positive impact on people with dementia and their
caregivers, especially in terms of the feeling of burden and isolation [104]. An integrative
review of such interventions concluded that active engagement in planning and organizing
group activities was effective in tackling loneliness [105].

Besides face-to-face activities, methods involving digital technology were widely
assessed. Certain studies have proved that video communication and telephone calls with
family helped the elderly with social isolation [106]. However, there is data that contradicts
these results [61]. Newly developed phone apps provide many possibilities for their users,
such as meditation or mindfulness programs, conversational agents, or even matching
individuals for maintaining regular online contact [107]. There are results showing that
chatbots were perceived positively and were helpful in reducing loneliness for the majority
of older adults [108]. It is worth noting that prior to the pandemic, 75% of individuals aged
65 years and older used digital technology as a routine aspect of their daily lives according
to the Stanford Center on Longevity.



Int. J. Mol. Sci. 2024, 25, 271 9 of 14

10. Final Remarks and Conclusions

Dementia undeniably persists as a significant medical, social, and economic challenge
in the 21st century. Concurrently, loneliness poses a noteworthy concern in contemporary
society [1,2]. Both of them are being fought against with the use of many different methods,
but none of these appear to be especially effective [51]. An increasing number of studies
indicate that a correlation between loneliness and dementia may exist. An important issue
in the context of proper understanding of this phenomenon is to distinguish between
feeling lonely and being alone [109]. It is suggested that the more probable risk factor for
dementia in this context is the first one, but studies investigating individuals living alone
are ambiguous [8,110]. Accumulating evidence indicates that enduring loneliness may
serve as a risk factor for cognitive decline, while transient loneliness appears to provide a
protective effect [19]. Various hypotheses have been proposed to account for the propensity
towards dementia in the presence of loneliness, emphasizing either the direct influence of
social isolation (social causation hypothesis) or individual vulnerabilities predisposing to
this association (social selection hypothesis) [111]. Nevertheless, the results of additional
investigation have inclined towards the latter hypothesis. The effect of the environment on
both the quality and quantity of social interactions could be a crucial aspect in developing or
preventing dementia [62]. Interpersonal interactions are said to facilitate the development
of sociocognitive abilities, which serve as a mechanism for managing relationships and
thereby promote cognitive capacity [7]. However, not only loneliness but also prodromal
dementia co-occurs with sociocognitive skills [49,64,112]. A similar phenomenon appears
when the issue of BPSD is considered depending on an individual’s behavior [85]. Sensory
loss, especially hearing impairment, may be an essential obstacle in relationships as well.
Research indicates that it could lead to both loneliness and dementia [77,78]. Finally, being
or feeling lonely might structurally change many regions of the brain. Orbitofrontal and
medial prefrontal cortex, when affected, overstimulate the HPA, which has a detrimental
influence on the hippocampus—a structure crucial for memory [7,46,65]. Nonetheless, it is
worth noting that the bidirectional relationship between loneliness and dementia can be
possibly explained by their shared additional biological or environmental risk or preventive
factors [14,22–36,49–54].

There are many studies researching and still discovering new aspects of the relation-
ship between loneliness and dementia. The question of whether loneliness and which types
of it act on dementia, or conversely, remains unsolved. There is a need for more studies that
properly differentiate between feeling alone and social isolation, as well as precisely select
research groups regarding the type of dementia, comorbidity, and environmental aspects.
Neurobiological and molecular analysis is also required for a better understanding of the
complex mechanisms between loneliness and dementia. Objective results would contribute
to improving both the diagnosis and treatment of neurodegenerative diseases in the future.
The ultimate goal is to stimulate constructive and collective thinking for more effective
personalized interventions [3]. The importance of understanding the identified causal links
was emphasized for better comprehension of these psychosocial concepts. However, this
review acknowledges the need for further research to reduce or eliminate undesired effects.

Author Contributions: Conceptualization, J.K. and J.L.; methodology, J.K. and M.P.; writing—
original draft preparation, J.K., M.P., A.G. and J.L.; writing—review and editing, J.K., A.G. and
J.L.; visualization, J.K.; supervision, J.K. and J.L. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Conflicts of Interest: The authors declare no conflict of interest.



Int. J. Mol. Sci. 2024, 25, 271 10 of 14

References
1. World Health Organization. Global Action Plan on the Public Health Response to Dementia 2017–2025. 2017. Available online:

https://www.who.int/news-room/fact-sheets/detail/dementia (accessed on 3 November 2023).
2. World Health Organization. Social Isolation and Loneliness among Older People: Advocacy Brief. 2021. Available online:

https://www.who.int/publications/i/item/9789240030749 (accessed on 3 November 2023).
3. Tragantzopoulou, P.; Giannouli, V. Social isolation and loneliness in old age: Exploring their role in mental and physical health.

Psychiatriki 2021, 32, 59–66. [CrossRef] [PubMed]
4. Cacioppo, S.; Grippo, A.J.; London, S.; Goossens, L.; Cacioppo, J.T. Loneliness: Clinical import and interventions. Perspect. Psychol.

Sci. 2015, 10, 238–249. [CrossRef] [PubMed]
5. Yanguas, J.; Pinazo-Henandis, S.; Tarazona-Santabalbina, F.J. The complexity of loneliness. Acta Biomed. Parm. 2018, 89, 302.
6. Aartsen, M.J.; Van Tilburg, T.; Smits, C.H.M.; Comijs, H.C.; Knipscheer, K.C.P.M. Does widowhood affect memory performance of

older persons? Psychol. Med. 2005, 35, 217–226. [CrossRef] [PubMed]
7. Wilson, R.S.; Krueger, K.R.; Arnold, S.E.; Schneider, J.A.; Kelly, J.F.; Barnes, L.L.; Tang, Y.; Bennett, D.A. Loneliness and Risk of

Alzheimer Disease. Arch. Gen. Psychiatry 2007, 64, 234–240. [CrossRef]
8. Holwerda, T.J.; Deeg, D.J.H.; Beekman, A.T.F.; Van Tilburg, T.G.; Stek, M.L.; Jonker, C.; Schoevers, R.A. Feelings of loneliness, but

not social isolation, predict dementia onset: Results from the Amsterdam Study of the Elderly (AMSTEL). J. Neurol. Neurosurg
Psychiatry 2014, 85, 135–142. [CrossRef]

9. Sundström, A.; Adolfsson, A.N.; Nordin, M.; Adolfsson, R. Loneliness Increases the Risk of All-Cause Dementia and Alzheimer’s
Disease. J. Gerontol. B Psychol. Sci. Soc. Sci. 2020, 75, 919. [CrossRef]

10. Savica, R.; Grossardt, B.R.; Bower, J.H.; Boeve, B.F.; Ahlskog, J.E.; Rocca, W.A. Incidence of Dementia With Lewy Bodies and
Parkinson Disease Dementia. JAMA Neurol. 2014, 70, 1396. [CrossRef]

11. Serrano-Pozo, A.; Das, S.; Hyman, B.T. APOE and Alzheimer’s disease: Advances in genetics, pathophysiology, and therapeutic
approaches. Lancet Neurol. 2021, 20, 68–80. [CrossRef]

12. Gudala, K.; Bansal, D.; Schifano, F.; Bhansali, A. Diabetes mellitus and risk of dementia: A meta-analysis of prospective
observational studies. J. Diabetes Investig. 2013, 4, 640–650. [CrossRef]

13. Sellbom, K.S.; Gunstad, J. Cognitive function and decline in obesity. J. Alzheimers Dis. 2012, 30 (Suppl. 2), S89–S95. [CrossRef]
[PubMed]

14. Anstey, K.J.; Von Sanden, C.; Salim, A.; O’Kearney, R. Smoking as a Risk Factor for Dementia and Cognitive Decline: A
Meta-Analysis of Prospective Studies. Am. J. Epidemiol. 2007, 166, 367–378. [CrossRef] [PubMed]

15. Beydoun, M.A.; Beydoun, H.A.; Gamaldo, A.A.; Teel, A.; Zonderman, A.B.; Wang, Y. Epidemiologic studies of modifiable factors
associated with cognition and dementia: Systematic review and meta-analysis. BMC Public Health 2014, 14, 643. [CrossRef]
[PubMed]

16. Cabrera, C.; Vicens, P.; Torrente, M. Modifiable Risk Factors for Dementia: The Role of Gut Microbiota. Curr. Alzheimer Res. 2021,
18, 993–1009. [CrossRef] [PubMed]

17. Rafnsson, S.B.; Orrell, M.; D’Orsi, E.; Hogervorst, E.; Steptoe, A. Loneliness, Social Integration, and Incident Dementia Over 6
Years: Prospective Findings From the English Longitudinal Study of Ageing. J. Gerontol. B Psychol. Sci. Soc. Sci. 2020, 75, 114–124.
[CrossRef] [PubMed]

18. Evans, I.E.M.; Llewellyn, D.J.; Matthews, F.E.; Woods, R.T.; Brayne, C.; Clare, L. Living alone and cognitive function in later life.
Arch. Gerontol. Geriatr. 2019, 81, 222–233. [CrossRef] [PubMed]

19. Akhter-Khan, S.C.; Tao, Q.; Ang, T.F.A.; Itchapurapu, I.S.; Alosco, M.L.; Mez, J.; Piers, R.J.; Steffens, D.C.; Au, R.; Qiu, W.Q.
Associations of loneliness with risk of Alzheimer’s disease dementia in the Framingham Heart Study. Alzheimer’s Dement. 2021,
17, 1619–1627. [CrossRef]

20. Kim, A.J.; Gold, A.I.; Fenton, L.; Pilgrim, M.J.D.; Lynch, M.; Climer, C.R.; Penichet, E.N.; Kam, A.; Beam, C.R. A Genetically
Informed Longitudinal Study of Loneliness and Dementia Risk in Older Adults. Front. Genet. 2021, 12, 1533. [CrossRef]

21. Zhou, Z.; Wang, P.; Fang, Y. Loneliness and the risk of dementia among older Chinese adults: Gender differences. Aging Ment.
Health 2018, 22, 519–525. [CrossRef]

22. Boomsma, D.I.; Willemsen, G.; Dolan, C.V.; Hawkley, L.C.; Cacioppo, J.T. Genetic and environmental contributions to loneliness
in adults: The Netherlands Twin Register study. Behav. Genet. 2005, 35, 745–752. [CrossRef]

23. Ward, D.D.; Wallace, L.M.K.; Rockwood, K. Original research: Cumulative health deficits, APOE genotype, and risk for later-life
mild cognitive impairment and dementia. J. Neurol. Neurosurg. Psychiatry 2021, 92, 136. [CrossRef] [PubMed]

24. Tan, C.H.; Fan, C.C.; Mormino, E.C.; Sugrue, L.P.; Broce, I.J.; Hess, C.P.; Dillon, W.P.; Bonham, L.W.; Yokoyama, J.S.; Karch, C.M.;
et al. Polygenic hazard score: An enrichment marker for Alzheimer’s associated amyloid and tau deposition. Acta Neuropathol.
2018, 135, 85–93. [CrossRef] [PubMed]

25. Freilich, C.D.; Mann, F.D.; South, S.C.; Krueger, R.F. Comparing Phenotypic, Genetic, and Environmental Associations between
Personality and Loneliness. J. Res. Pers. 2022, 101, 104314. [CrossRef] [PubMed]

26. Ward, D.D.; Ranson, J.M.; Wallace, L.M.K.; Llewellyn, D.J.; Rockwood, K. Frailty, lifestyle, genetics and dementia risk. J. Neurol.
Neurosurg. Psychiatry 2022, 93, 343–350. [CrossRef] [PubMed]

27. Shen, C.; Rolls, E.T.; Cheng, W.; Kang, J.; Dong, G.; Xie, C.; Zhao, X.-M.; Sahakian, B.J.; Feng, J. Associations of Social Isolation and
Loneliness With Later Dementia. Neurology 2022, 99, e164–e175. [CrossRef]

https://www.who.int/news-room/fact-sheets/detail/dementia
https://www.who.int/publications/i/item/9789240030749
https://doi.org/10.22365/jpsych.2021.009
https://www.ncbi.nlm.nih.gov/pubmed/33759810
https://doi.org/10.1177/1745691615570616
https://www.ncbi.nlm.nih.gov/pubmed/25866548
https://doi.org/10.1017/S0033291704002831
https://www.ncbi.nlm.nih.gov/pubmed/15841679
https://doi.org/10.1001/archpsyc.64.2.234
https://doi.org/10.1136/jnnp-2012-302755
https://doi.org/10.1093/geronb/gbz139
https://doi.org/10.1001/jamaneurol.2013.3579
https://doi.org/10.1016/S1474-4422(20)30412-9
https://doi.org/10.1111/jdi.12087
https://doi.org/10.3233/JAD-2011-111073
https://www.ncbi.nlm.nih.gov/pubmed/22258511
https://doi.org/10.1093/aje/kwm116
https://www.ncbi.nlm.nih.gov/pubmed/17573335
https://doi.org/10.1186/1471-2458-14-643
https://www.ncbi.nlm.nih.gov/pubmed/24962204
https://doi.org/10.2174/1567205018666211215152411
https://www.ncbi.nlm.nih.gov/pubmed/34911422
https://doi.org/10.1093/geronb/gbx087
https://www.ncbi.nlm.nih.gov/pubmed/28658937
https://doi.org/10.1016/j.archger.2018.12.014
https://www.ncbi.nlm.nih.gov/pubmed/30654180
https://doi.org/10.1002/alz.12327
https://doi.org/10.3389/fgene.2021.661474
https://doi.org/10.1080/13607863.2016.1277976
https://doi.org/10.1007/s10519-005-6040-8
https://doi.org/10.1136/jnnp-2020-324081
https://www.ncbi.nlm.nih.gov/pubmed/33188132
https://doi.org/10.1007/s00401-017-1789-4
https://www.ncbi.nlm.nih.gov/pubmed/29177679
https://doi.org/10.1016/j.jrp.2022.104314
https://www.ncbi.nlm.nih.gov/pubmed/36568631
https://doi.org/10.1136/jnnp-2021-327396
https://www.ncbi.nlm.nih.gov/pubmed/34933996
https://doi.org/10.1212/WNL.0000000000201564


Int. J. Mol. Sci. 2024, 25, 271 11 of 14

28. Marquez, J.; Qualter, P.; Petersen, K.; Humphrey, N.; Black, L. Neighbourhood effects on loneliness among adolescents. J. Public
Health 2023, 45, 663–675. [CrossRef]

29. Hirsch, J.A.; Michael, Y.L.; Moore, K.A.; Melly, S.; Hughes, T.M.; Hayden, K.; A Luchsinger, J.; Jimenez, M.P.; James, P.; Besser, L.M.;
et al. Longitudinal neighbourhood determinants with cognitive health and dementia disparities: Protocol of the Multi-Ethnic
Study of Atherosclerosis Neighborhoods and Aging prospective cohort study. BMJ Open 2022, 12, e066971. [CrossRef]

30. Heu, L.C. The Loneliness of the Odd One Out: How Deviations From Social Norms Can Help Explain Loneliness Across Cultures.
Perspect. Psychol. Sci. 2023; ahead of print. [CrossRef]

31. Rosselli, M.; Uribe, I.V.; Ahne, E.; Shihadeh, L. Culture, Ethnicity, and Level of Education in Alzheimer’s Disease. Neurotherapeutics
2022, 19, 26–54. [CrossRef]

32. Okkels, N.; Kristiansen, C.B.; Munk-Jørgensen, P.; Sartorius, N. Urban mental health: Challenges and perspectives. Curr. Opin.
Psychiatry 2018, 31, 258–264. [CrossRef]

33. Scharf, A.; Rädke, A.; Purwins, D.; Heppner, M.M.; Köhler, S.; Roes, M.; Teipel, S.; Hoffmann, W.; Michalowsky, B. Design and
implementation of the participatory German network for translational dementia care research (TaNDem): A mixed-method
study on the perspectives of healthcare providers and dementia researchers in dementia care research. Health Expect. 2023, 26,
1009–1018. [CrossRef]

34. Wu, J.; Zhang, J.; Fokkema, T. The micro-macro interplay of economic factors in late-life loneliness: Evidence from Europe and
China. Front. Public Health 2022, 10, 968411. [CrossRef] [PubMed]

35. Kawada, T. Socioeconomic disparities and dementia risk. Psychiatry Res. 2022, 317, 114884. [CrossRef]
36. Sheftel, M.G.; Margolis, R.; Verdery, A.M. Life Events and Loneliness Transitions Among Middle-Aged and Older Adults Around

the World. J. Gerontol. B Psychol. Sci. Soc. Sci. 2023; ahead of print. [CrossRef]
37. Dolotov, O.V.; Inozemtseva, L.S.; Myasoedov, N.F.; Grivennikov, I.A. Stress-Induced Depression and Alzheimer’s Disease: Focus

on Astrocytes. Int. J. Mol. Sci. 2022, 23, 4999. [CrossRef] [PubMed]
38. Dyal, S.R.; Valente, T.W. A Systematic Review of Loneliness and Smoking: Small Effects, Big Implications. Subst. Use Misuse 2015,

50, 1697. [CrossRef] [PubMed]
39. Hawkley, L.C.; Thisted, R.A.; Cacioppo, J.T. Loneliness Predicts Reduced Physical Activity: Cross-Sectional & Longitudinal

Analyses. Health Psychol. 2009, 28, 354. [PubMed]
40. Norton, S.; Matthews, F.E.; Barnes, D.E.; Yaffe, K.; Brayne, C. Potential for primary prevention of Alzheimer’s disease: An analysis

of population-based data. Lancet Neurol. 2014, 13, 788–794. [CrossRef] [PubMed]
41. Momtaz, Y.A.; Hamid, T.A.; Yusoff, S.; Ibrahim, R.; Chai, S.T.; Yahaya, N.; Abdullah, S.S. Loneliness as a risk factor for hypertension

in later life. J. Aging Health 2012, 24, 696–710. [CrossRef]
42. Petitte, T.; Mallow, J.; Barnes, E.; Petrone, A.; Barr, T.; Theeke, L. A Systematic Review of Loneliness and Common Chronic

Physical Conditions in Adults. Open Psychol. J. 2015, 8, 113. [CrossRef]
43. Christiansen, J.; Larsen, F.B.; Lasgaard, M. Do stress, health behavior, and sleep mediate the association between loneliness and

adverse health conditions among older people? Soc. Sci. Med. 2016, 152, 80–86. [CrossRef]
44. Sundelöf, J.; Kilander, L.; Helmersson, J.; Larsson, A.; Rönnemaa, E.; Degerman-Gunnarsson, M.; Basun, H.; Lannfelt, L.; Basu, S.

Systemic inflammation and the risk of Alzheimer’s disease and dementia: A prospective population-based study. J. Alzheimers
Dis. 2009, 18, 79–87. [CrossRef]

45. Jaremka, L.M.; Fagundes, C.P.; Peng, J.; Bennett, J.M.; Glaser, R.; Malarkey, W.B.; Kiecolt-Glaser, J.K. Loneliness Promotes
Inflammation During Acute Stress. Psychol. Sci. 2013, 24, 1089–1097. [CrossRef] [PubMed]

46. Brown, E.G.; Gallagher, S.; Creaven, A.M. Loneliness and acute stress reactivity: A systematic review of psychophysiological
studies. Psychophysiology 2018, 55, e13031. [CrossRef]

47. Böger, A.; Huxhold, O. Do the antecedents and consequences of loneliness change from middle adulthood into old age? Dev.
Psychol. 2018, 54, 181–197. [CrossRef] [PubMed]

48. Korthauer, L.E.; Goveas, J.; Espeland, M.A.; Shumaker, S.A.; Garcia, K.R.; Tindle, H.; Salmoirago-Blotcher, E.; Sink, K.M.;
Vaughan, L.; Rapp, S.R.; et al. Negative Affect Is Associated With Higher Risk of Incident Cognitive Impairment in Nondepressed
Postmenopausal Women. J. Gerontol. A Biol. Sci. Med. Sci. 2018, 73, 506. [CrossRef] [PubMed]

49. Penninkilampi, R.; Casey, A.N.; Singh, M.F.; Brodaty, H. The Association between Social Engagement, Loneliness, and Risk of
Dementia: A Systematic Review and Meta-Analysis. J. Alzheimers Dis. 2018, 66, 1619–1633. [CrossRef]

50. Dominguez, L.J.; Veronese, N.; Vernuccio, L.; Catanese, G.; Inzerillo, F.; Salemi, G.; Barbagallo, M. Nutrition, Physical Activity,
and Other Lifestyle Factors in the Prevention of Cognitive Decline and Dementia. Nutrients 2021, 13, 4080. [CrossRef]

51. Lee, K.H.; Lee, J.Y.; Kim, B. Information and communication technology for physical activity in persons living with dementia: A
systematic review with implications for evidence-based practice. Worldviews Evid. Based Nurs. 2022, 19, 275–281. [CrossRef]

52. Capotosto, E.; Belacchi, C.; Gardini, S.; Faggian, S.; Piras, F.; Mantoan, V.; Salvalaio, E.; Pradelli, S.; Borella, E. Cognitive
stimulation therapy in the Italian context: Its efficacy in cognitive and non-cognitive measures in older adults with dementia. Int.
J. Geriatr. Psychiatry 2017, 32, 331–340. [CrossRef]

53. Samtani, S.; Stevens, A.; Brodaty, H. Preserving and enhancing social health in neurocognitive disorders. Curr. Opin. Psychiatry
2021, 34, 157–164. [CrossRef]

54. Mao, W.; Qi, X.; Chi, I.; Wichinsky, L.; Wu, B. Technology-Based Interventions to Address Social Isolation and Loneliness Among
Informal Dementia Caregivers: A Scoping Review. J. Am. Med. Dir. Assoc. 2023, 24, 1700–1707. [CrossRef]

https://doi.org/10.1093/pubmed/fdad053
https://doi.org/10.1136/bmjopen-2022-066971
https://doi.org/10.1177/17456916231192485
https://doi.org/10.1007/s13311-022-01193-z
https://doi.org/10.1097/YCO.0000000000000413
https://doi.org/10.1111/hex.13748
https://doi.org/10.3389/fpubh.2022.968411
https://www.ncbi.nlm.nih.gov/pubmed/36176511
https://doi.org/10.1016/j.psychres.2022.114884
https://doi.org/10.1093/geronb/gbad149
https://doi.org/10.3390/ijms23094999
https://www.ncbi.nlm.nih.gov/pubmed/35563389
https://doi.org/10.3109/10826084.2015.1027933
https://www.ncbi.nlm.nih.gov/pubmed/26555089
https://www.ncbi.nlm.nih.gov/pubmed/19450042
https://doi.org/10.1016/S1474-4422(14)70136-X
https://www.ncbi.nlm.nih.gov/pubmed/25030513
https://doi.org/10.1177/0898264311431305
https://doi.org/10.2174/1874350101508010113
https://doi.org/10.1016/j.socscimed.2016.01.020
https://doi.org/10.3233/JAD-2009-1126
https://doi.org/10.1177/0956797612464059
https://www.ncbi.nlm.nih.gov/pubmed/23630220
https://doi.org/10.1111/psyp.13031
https://doi.org/10.1037/dev0000453
https://www.ncbi.nlm.nih.gov/pubmed/29154641
https://doi.org/10.1093/gerona/glx175
https://www.ncbi.nlm.nih.gov/pubmed/29028908
https://doi.org/10.3233/JAD-180439
https://doi.org/10.3390/nu13114080
https://doi.org/10.1111/wvn.12591
https://doi.org/10.1002/gps.4521
https://doi.org/10.1097/YCO.0000000000000683
https://doi.org/10.1016/j.jamda.2023.08.005


Int. J. Mol. Sci. 2024, 25, 271 12 of 14

55. Yang, H.; Tng, G.Y.Q.; Ng, W.Q.; Yang, S. Loneliness, Sense of Control, and Risk of Dementia in Healthy Older Adults: A
Moderated Mediation Analysis. Clin. Gerontol. 2021, 44, 392–405. [CrossRef] [PubMed]

56. Zebhauser, A.; Baumert, J.; Emeny, R.T.; Ronel, J.; Peters, A.; Ladwig, K.H. What prevents old people living alone from feeling
lonely? Findings from the KORA-Age-study. Aging Ment. Health 2015, 19, 773–780. [CrossRef] [PubMed]

57. Hawkley, L.C.; Capitanio, J.P. Perceived social isolation, evolutionary fitness and health outcomes: A lifespan approach. Philos.
Trans. R. Soc. B Biol. Sci. 2015, 370, 20140114. [CrossRef] [PubMed]

58. Zhong, B.L.; Chen, S.L.; Conwell, Y. Effects of Transient Versus Chronic Loneliness on Cognitive Function in Older Adults:
Findings From the Chinese Longitudinal Healthy Longevity Survey. Am. J. Geriatr. Psychiatry 2016, 24, 389–398. [CrossRef]
[PubMed]

59. Hamm, M.E.; Brown, P.J.; Karp, J.F.; Lenard, E.; Cameron, F.; Dawdani, A.; Lavretsky, H.; Miller, J.P.; Mulsant, B.H.; Pham, V.T.;
et al. Experiences of American Older Adults with Pre-existing Depression During the Beginnings of the COVID-19 Pandemic: A
Multicity, Mixed-Methods Study. Am. J. Geriatr. Psychiatry 2020, 28, 924–932. [CrossRef]

60. Krendl, A.C.; Perry, B.L. The Impact of Sheltering in Place During the COVID-19 Pandemic on Older Adults’ Social and Mental
Well-Being. J. Gerontol. Ser. B 2021, 76, e53–e58. [CrossRef]

61. Noone, C.; McSharry, J.; Smalle, M.; Burns, A.; Dwan, K.; Devane, D.; Morrissey, E.C. Video calls for reducing social isolation and
loneliness in older people: A rapid review. Cochrane Database Syst. Rev. 2020, 5, CD013632.

62. Hultsch, D.F.; Hertzog, C.; Small, B.J.; Dixon, R.A. Use it or lose it: Engaged lifestyle as a buffer of cognitive decline in aging?
Psychol. Aging 1999, 14, 245–263. [CrossRef]

63. Scarmeas, N.; Stern, Y. Cognitive Reserve: Implications for Diagnosis and Prevention of Alzheimer’s Disease. Curr. Neurol.
Neurosci. Rep. 2004, 4, 374. [CrossRef]

64. Bediou, B.; Ryff, I.; Mercier, B.; Milliery, M.; Hanaff, M.A.; D’Amato, T.; Bonnefoy, M.; Vighetto, A.; Krolak-Salmon, P. Impaired
Social Cognition in Mild Alzheimer Disease. J. Geriatr. Psychiatry Neurol. 2009, 22, 130–140. [CrossRef]

65. Cacioppo, S.; Capitanio, J.P.; Cacioppo, J.T. Toward a neurology of loneliness. Psychol. Bull. 2014, 140, 1464–1504. [CrossRef]
[PubMed]

66. Boss, L.; Kang, D.H.; Branson, S. Loneliness and cognitive function in the older adult: A systematic review. Int. Psychogeriatr.
2015, 27, 541–553. [CrossRef] [PubMed]

67. Quadt, L.; Esposito, G.; Critchley, H.D.; Garfinkel, S.N. Brain-body interactions underlying the association of loneliness with
mental and physical health. Neurosci. Biobehav. Rev. 2020, 116, 283–300. [CrossRef] [PubMed]

68. Cole, S.W.; Capitanio, J.P.; Chun, K.; Arevalo, J.M.G.; Ma, J.; Cacioppo, J.T. Myeloid differentiation architecture of leukocyte
transcriptome dynamics in perceived social isolation. Proc. Natl. Acad. Sci. USA 2015, 112, 15142–15147. [CrossRef] [PubMed]

69. Gorelick, P.B. Role of inflammation in cognitive impairment: Results of observational epidemiological studies and clinical trials.
Ann. N. Y Acad. Sci. 2010, 1207, 155–162. [CrossRef] [PubMed]

70. Sutin, A.R.; Stephan, Y.; Luchetti, M.; Terracciano, A. Loneliness and Risk of Dementia. J. Gerontol. B Psychol. Sci. Soc. Sci. 2020,
75, 1414. [CrossRef] [PubMed]

71. Kanai, R.; Bahrami, B.; Duchaine, B.; Janik, A.; Banissy, M.J.; Rees, G. Brain Structure Links Loneliness to Social Perception. Curr.
Biol. 2012, 22, 1975. [CrossRef]

72. Olié, E.; Courtet, P. Interest of neuroimaging of social exclusion in suicide. J. Neurosci. Res. 2020, 98, 581–587. [CrossRef]
73. Powers, K.E.; Wagner, D.D.; Norris, C.J.; Heatherton, T.F. Socially excluded individuals fail to recruit medial prefrontal cortex for

negative social scenes. Soc. Cogn. Affect. Neurosci. 2013, 8, 151–157. [CrossRef]
74. Hsiao, Y.H.; Chang, C.H.; Gean, P.W. Impact of social relationships on Alzheimer’s memory impairment: Mechanistic studies. J.

Biomed. Sci. 2018, 25, 3. [CrossRef]
75. d’Oleire Uquillas, F.; Jacobs, H.I.L.; Biddle, K.D.; Properzi, M.; Hanseeuw, B.; Schultz, A.P.; Rentz, D.M.; Johnson, K.A.; Sperling,

R.A.; Donovan, N.J. Regional tau pathology and loneliness in cognitively normal older adults. Transl. Psychiatry 2018, 8, 282.
[CrossRef] [PubMed]

76. Nakagawa, S.; Takeuchi, H.; Taki, Y.; Nouchi, R.; Sekiguchi, A.; Kotozaki, Y.; Miyauchi, C.M.; Iizuka, K.; Yokoyama, R.; Shinada,
T.; et al. White matter structures associated with loneliness in young adults. Sci. Rep. 2015, 5, 17001. [CrossRef] [PubMed]

77. Brunes, A.; Hansen, M.B.; Heir, T. Loneliness among adults with visual impairment: Prevalence, associated factors, and
relationship to life satisfaction. Health Qual. Life Outcomes 2019, 17, 1–7. [CrossRef] [PubMed]

78. Lin, F.R.; Metter, E.J.; O’Brien, R.J.; Resnick, S.M.; Zonderman, A.B.; Ferrucci, L. Hearing loss and incident dementia. Arch. Neurol.
2011, 68, 214–220. [CrossRef]

79. Strawbridge, W.J.; Wallhagen, M.I.; Shema, S.J.; Kaplan, G.A. Negative consequences of hearing impairment in old age: A
longitudinal analysis. Gerontologist 2000, 40, 320–326. [CrossRef]

80. Badcock, J.C.; Dehon, H.; Larøi, F. Hallucinations in healthy older adults: An overview of the literature and perspectives for
future research. Front. Psychol. 2017, 8, 1134. [CrossRef]

81. Matsuoka, T.; Fujimoto, H.; Kato, Y.; Fukui, K.; Narumoto, J. Late-onset psychosis in older outpatients: A retrospective chart
review. Int. Psychogeriatr. 2015, 27, 694–696. [CrossRef]

82. Cosh, S.; von Hanno, T.; Helmer, C.; Bertelsen, G.; Delcourt, C.; Schirmer, H. The association amongst visual, hearing, and dual
sensory loss with depression and anxiety over 6 years: The Tromsø Study. Int. J. Geriatr. Psychiatry 2018, 33, 598–605. [CrossRef]

https://doi.org/10.1080/07317115.2020.1799891
https://www.ncbi.nlm.nih.gov/pubmed/32783599
https://doi.org/10.1080/13607863.2014.977769
https://www.ncbi.nlm.nih.gov/pubmed/25407743
https://doi.org/10.1098/rstb.2014.0114
https://www.ncbi.nlm.nih.gov/pubmed/25870400
https://doi.org/10.1016/j.jagp.2015.12.009
https://www.ncbi.nlm.nih.gov/pubmed/26905049
https://doi.org/10.1016/j.jagp.2020.06.013
https://doi.org/10.1093/geronb/gbaa110
https://doi.org/10.1037/0882-7974.14.2.245
https://doi.org/10.1007/s11910-004-0084-7
https://doi.org/10.1177/0891988709332939
https://doi.org/10.1037/a0037618
https://www.ncbi.nlm.nih.gov/pubmed/25222636
https://doi.org/10.1017/S1041610214002749
https://www.ncbi.nlm.nih.gov/pubmed/25554219
https://doi.org/10.1016/j.neubiorev.2020.06.015
https://www.ncbi.nlm.nih.gov/pubmed/32610178
https://doi.org/10.1073/pnas.1514249112
https://www.ncbi.nlm.nih.gov/pubmed/26598672
https://doi.org/10.1111/j.1749-6632.2010.05726.x
https://www.ncbi.nlm.nih.gov/pubmed/20955439
https://doi.org/10.1093/geronb/gby112
https://www.ncbi.nlm.nih.gov/pubmed/30365023
https://doi.org/10.1016/j.cub.2012.08.045
https://doi.org/10.1002/jnr.24314
https://doi.org/10.1093/scan/nsr079
https://doi.org/10.1186/s12929-018-0404-x
https://doi.org/10.1038/s41398-018-0345-x
https://www.ncbi.nlm.nih.gov/pubmed/30563962
https://doi.org/10.1038/srep17001
https://www.ncbi.nlm.nih.gov/pubmed/26585372
https://doi.org/10.1186/s12955-019-1096-y
https://www.ncbi.nlm.nih.gov/pubmed/30709406
https://doi.org/10.1001/archneurol.2010.362
https://doi.org/10.1093/geront/40.3.320
https://doi.org/10.3389/fpsyg.2017.01134
https://doi.org/10.1017/S1041610214002518
https://doi.org/10.1002/gps.4827


Int. J. Mol. Sci. 2024, 25, 271 13 of 14

83. Sun, W.; Matsuoka, T.; Oba, H.; Narumoto, J. Importance of loneliness in behavioral and psychological symptoms of dementia.
Int. J. Geriatr. Psychiatry 2021, 36, 540–546. [CrossRef]

84. Harithasan, D.; Mukari, S.Z.M.S.; Ishak, W.S.; Shahar, S.; Yeong, W.L. The impact of sensory impairment on cognitive performance,
quality of life, depression, and loneliness in older adults. Int. J. Geriatr. Psychiatry 2020, 35, 358–364. [CrossRef]

85. Cerejeira, J.; Lagarto, L.; Mukaetova-Ladinska, E.B. Behavioral and Psychological Symptoms of Dementia. Front. Neurol. 2012,
3, 73. [CrossRef] [PubMed]

86. Park, N.S.; Jang, Y.; Lee, B.S.; Haley, W.E.; Chiriboga, D.A. The Mediating Role of Loneliness in the Relation Between Social
Engagement and Depressive Symptoms Among Older Korean Americans: Do Men and Women Differ? J. Gerontol. B Psychol. Sci.
Soc. Sci. 2013, 68, 193. [CrossRef] [PubMed]

87. Wan Mohd Azam, W.M.Y.; Din, N.C.; Ahmad, M.; Ghazali, S.E.; Ibrahim, N.; Said, Z.; Ghazali, A.R.; Shahar, S.; Razali, R.;
Maniam, T. Loneliness and depression among the elderly in an agricultural settlement: Mediating effects of social support. Asia
Pac. Psychiatry 2013, 5 (Suppl. 1), 134–139. [CrossRef] [PubMed]

88. Boehlen, F.; Herzog, W.; Quinzler, R.; Haefeli, W.E.; Maatouk, I.; Niehoff, D.; Saum, K.-U.; Brenner, H.; Wild, B. Loneliness in the
elderly is associated with the use of psychotropic drugs. Int. J. Geriatr. Psychiatry 2015, 30, 957–964. [CrossRef] [PubMed]

89. El Haj, M.; Jardri, R.; Larøi, F.; Antoine, P. Hallucinations, loneliness, and social isolation in Alzheimer’s disease. Cogn.
Neuropsychiatry 2016, 21, 1–13. [CrossRef] [PubMed]

90. Gao, Y.; Huang, C.; Zhao, K.; Ma, L.; Qiu, X.; Zhang, L.; Xiu, Y.; Chen, L.; Lu, W.; Huang, C.; et al. Depression as a risk factor for
dementia and mild cognitive impairment: A meta-analysis of longitudinal studies. Int. J. Geriatr. Psychiatry 2013, 28, 441–449.
[CrossRef] [PubMed]

91. Spira, A.P.; Rebok, G.W.; Stone, K.L.; Kramer, J.H.; Yaffe, K. Depressive symptoms in oldest-old women: Risk of mild cognitive
impairment and dementia. Am. J. Geriatr. Psychiatry 2012, 20, 1006–1015. [CrossRef]

92. Barnes, D.E.; Yaffe, K.; Byers, A.L.; McCormick, M.; Schaefer, C.; Whitmer, R.A. Midlife vs late-life depressive symptoms and risk
of dementia: Differential effects for Alzheimer disease and vascular dementia. Arch. Gen. Psychiatry 2012, 69, 493–498.

93. Steffens, D.C.; Byrum, C.E.; McQuoid, D.R.; Greenberg, D.L.; Payne, M.E.; Blitchington, T.F.; MacFall, J.R.; Krishnan, K.R.
Hippocampal volume in geriatric depression. Biol. Psychiatry 2000, 48, 301–309. [CrossRef]

94. Sapolsky, R.M.; Krey, L.C.; McEwen, B.S. The neuroendocrinology of stress and aging: The glucocorticoid cascade hypothesis.
Endocr. Rev. 1986, 7, 284–301. [CrossRef]

95. Seab, J.P.; Jagust, W.J.; Wong, S.T.S.; Roos, M.S.; Reed, B.R.; Budinger, T.F. Quantitative NMR measurements of hippocampal
atrophy in Alzheimer’s disease. Magn. Reson. Med. 1988, 8, 200–208. [CrossRef] [PubMed]

96. Jorm, A.F.; Van Duijn, C.M.; Chandra, V.; Fratiglioni, L.; Graves, A.; Heyman, A.; E Kokmen, E.; Kondo, K.; A Mortimer, J.; A
Rocca, W.; et al. Psychiatric history and related exposures as risk factors for Alzheimer’s disease: A collaborative re-analysis of
case-control studies. EURODEM Risk Factors Research Group. Int. J. Epidemiol. 1991, 20 (Suppl. 2), S43–S47. [CrossRef] [PubMed]

97. Alexopoulos, G.S.; Meyers, B.S.; Young, R.C.; Mattis, S.; Kakuma, T. The course of geriatric depression with “reversible dementia”:
A controlled study. Am. J. Psychiatry 1993, 150, 1693–1699. [PubMed]

98. Fuhrer, R.; Dufouil, C.; Dartigues, J.F. Exploring sex differences in the relationship between depressive symptoms and dementia
incidence: Prospective results from the PAQUID Study. J. Am. Geriatr. Soc. 2003, 51, 1055–1063. [CrossRef] [PubMed]

99. Huang, O. Geriatric Depression Scale-30 (Long Version). Available online: www.neuroscienceCME.com (accessed on 15 Decem-
ber 2023).

100. Pashmdarfard, M.; Azad, A. Assessment tools to evaluate Activities of Daily Living (ADL) and Instrumental Activities of Daily
Living (IADL) in older adults: A systematic review. Med. J. Islam. Repub. Iran. 2020, 34, 33. [CrossRef] [PubMed]

101. Gonzalez, C.; Tommasi, N.S.; Briggs, D.; Properzi, M.J.; Amariglio, R.E.; Marshall, G.A. Financial Capacity and Regional Cerebral
Tau in Cognitively Normal Older Adults, Mild Cognitive Impairment, and Alzheimer’s Disease Dementia. J. Alzheimers Dis. 2021,
79, 1133–1142. [CrossRef]

102. Giannouli, V.; Stamovlasis, D.; Tsolaki, M. Longitudinal Study of Depression on Amnestic Mild Cognitive Impairment and
Financial Capacity. Clin. Gerontol. 2022, 45, 708–714. [CrossRef]

103. Ghesquiere, A.R.; McAfee, C.; Burnett, J. Measures of Financial Capacity: A Review. Gerontologist 2019, 59, E109–E129. [CrossRef]
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