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ABSTRACT

Objective: Loneliness has been associated to a greater risk of cognitive decline and dementia in older
individuals. However, evidence on whether this association also exists for older individuals who com-
plain of cognitive problems is limited. We conducted a survey to examine the association between
subjective cognitive decline in the working memory domain, perceived loneliness, depression, anxiety,
and stress in older individuals with different profiles.

Methods: A total of 302 healthy, old individuals completed 3 questionnaires to assess subjective
cognitive problems in attention, executive functions, storage, depression, anxiety, stress, and perceived
loneliness.

Results: We conducted a cluster analysis and 3 clusters of individuals with different profiles emerged.
Individuals with greater subjective cognitive problems (cluster 1) in the attention and storage domains,
reported higher perceived loneliness and stress but not depression. In contrast, individuals with the
least subjective cognitive problems (cluster 3) in the storage domain, reported lower perceived
loneliness.

Conclusions: Individuals with higher subjective cognitive decline also report higher levels of perceived
loneliness but not more depression than their peers. However, this correlation is present only for
individuals with mild subjective cognitive decline (cluster 2). The implications for future research and
interventions are discussed.
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Introduction This is because loneliness stems from the perception of being
socially isolated and from being dissatisfied with current social
relationships (Eisenberger & Lieberman, 2004). When individ-
uals assess their need to belong as unfulfilled and their social
relationships as lacking, loneliness (also known as emotional
loneliness) is experienced as an aversive emotional state that
acts as an alert signal for danger because it represents a higher
risk to the individual’s survival. Therefore, loneliness moti-
vates attempts at re-establishing satisfactory social contacts
and triggers psychophysiological and psychological changes
(Cacioppo, Cacioppo, Capitanio, & Cole, 2015; Cacioppo &

Understanding what contributes to the emotional and cog-
nitive wellbeing in ageing represents one of the key research
challenges given the impact on society of the fast-growing
number of older individuals. Considering the exposure to
known dementia risks factors and the increase in population
growth and ageing, Nichols et al. (2022) estimated that by 2050
the number of people with dementia would increase by 102%
in high income Countries, by 72% in Western Europe, and by
56% in Italy. It should not be surprising that improving our
knowledge on how to contrast cognitive decline and demen-

tia is among the top priorities identified by the World Health
Organization (2021). In fact, recent evidence shows that pre-
vention measures aimed at reducing the impact of 12 known
risks factors including low social contacts, could reduce by a
good 40% the incidence of dementia onset (Baumgart et al.,
2015; Livingston et al., 2020). This percentage could even be
higher by contrasting the effects of perceived loneliness on
cognition (e.g. Li et al., 2023), as the person’s needs for social
contact may not always align with the frequency of contacts
with others. That is, an individual may have few social contacts
but be satisfied by them and not experience loneliness, whereas
another individual may have many social contacts and yet feel
lonely if these social connections are assessed as unfulfilling.

Cacioppo, 2018; Hawkley & Cacioppo, 2010). Indeed, loneliness
and the social pain it engenders rely on the same mechanisms
and neural substrates as physical pain and this overlay occurs
because the physical pain detection system was already devel-
oped when animals evolved to respond to social exclusion (e.g.
Cacioppo & Cacioppo, 2018; Eisenberger & Lieberman, 2004).
Accordingly, loneliness automatically triggers a set of neural,
hormonal, behavioural and psychological interrelated changes
including: (1) increased sleep fragmentation; (2) stress due to
the increased activation of the hypothalamic-pituitary-adre-
nocortical (HPA) axis; (3) selective sympathetic immunity; (4)
altered transcriptome dynamics; (5) decreased viral immunity;
(6) increased inflammatory substrate; (7) increased prepotent
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responding, and (8) increased depressive symptomatology.
Whereas such responses might be innocuous in the short term,
in the long run they are associated with a 26% increase in the
risk of premature mortality (Cacioppo & Hawkley, 2009; Hawkley
& Cacioppo, 2010).

When considering the effects of perceived loneliness on
cognition, evidence from young adults shows that it biases
selective attention toward social threats, (e.g. Cacioppo et al.,
2016), beyond the typical bias shown by young and old individ-
uals (e.g. Viviani et al., 2022). In addition, perceived loneliness
impairs memory for happy faces signalling social affiliation
(e.g.Pizzio et al., 2022). In older individual, perceived loneliness
enhances biological and psychological problems (e.g. Cacioppo,
Cacioppo, Capitanio, Cole, 2015; Hawkley & Cacioppo, 2010),
including the risk of cognitive decline (e.g. Duan et al., 2017; Lara
et al., 2019; Luchetti et al., 2020; Tilvis et al., 2004; Wilson et al.,
2007) and Alzheimer’s disease (e.g. Gow et al., 2007). Indeed,
perceived loneliness has been linked to poorer processing
speed, poorer memory (i.e. immediate, and delayed recall; for
areview see Boss et al,, 2015), poor planning and working mem-
ory, poor attention, and poor inhibition (e.g. Sin et al., 2021).
Recent reviews of longitudinal and cross-sectional studies
(Cardona & Andrés, 2023; Ren et al., 2023) conclude that there
is evidence of a strong association between loneliness and poor
cognition and that most likely changes in the activity of the HPA
axis implicated in the stress response are involved (Ren et al.,
2023). Moreover, Qiao et al. (2022) in a recent meta-analysis of
available studies concluded that evidence shows a link between
loneliness and Alzheimer’s disease and dementia but not with
mild cognitive impairment and vascular dementia. However,
not only the directionality of the relationship might be bidi-
rectional and complex, but the combination of cognitive and
emotional problems can be very heterogeneous among older
individuals, especially in the earlier phases before the impair-
ment can be clinically detected. Indeed, it has been proposed
that person-centred analyses, where participants are classified
into profiles or clusters based on similar characteristics, may pro-
vide useful information on the common patterns of complaints
within a person (e.g. Hanfelt et al., 2011). Finally, cognitive per-
formance in older people has been typically assessed using
different neuropsychological tests. However, older individuals
who complain of cognitive problems often perform within the
normal range on neuropsychological tests (Vannini et al., 2017).
This phenomenon, known as subjective cognitive decline (SCD),
refers to self-experienced persistent cognitive problems, com-
pared to previously normal cognitive status, that are unrelated
to an acute event and normal performance on standardised
cognitive tests used to classify mild cognitive impairment,
adjusted for age, sex, and education (Jessen et al., 2014, 2020;
Neto & Nitrini 2016). Importantly, this operationalization has
been proposed in the context of Alzheimer’s disease and it is
not unanimous as different others are also used (Diaz-Galvan
et al., 2021). Regardless of how subjective cognitive decline is
assessed, there is some evidence of a link with perceived lone-
liness such that individuals who report higher loneliness also
report higher subjective cognitive decline (e.g. Montejo et al.,
2020; Pluim et al,, 2023; Reynolds et al., 2022). However, some
studies measured loneliness using a single item (e.g. Montejo
et al,, 2020), which may not be sensitive enough, leading to
underreporting loneliness. Moreover, older individuals often
present heterogenous combinations of cognitive and emo-
tional complaints, especially in the earlier stages of cognitive
changes. To fill this gap, we conducted a study to examine the

relationship between perceived loneliness and subjective cog-
nitive decline in attention, executive functions, and storage. As
older individuals often report problems in maintaining infor-
mation for short periods, we adopted a self-reported standard-
ized instrument for working memory problems, which helps
overcoming the limitations due to the little correspondence
between how individuals perform at neuropsychological tests
and how they perform in a real-world situation (e.g. Bottari et
al., 2009). Therefore, in the present survey we used the Working
Memory Questionnaire (WMQ: Vallat-Azouvi et al., 2012; Italian
version: Guariglia et al., 2020), which taps on three dimensions
of working memory, that is, short-term memory storage, atten-
tion, and executive control. Based on an opportunity sample of
older individuals recruited through a wide network of retire-
ment associations available on the territory, we adopted a clus-
tering methodology based on self-reported cognitive problems
as there are individual differences in the older population. This
approach enabled us to define and characterise a group (clus-
ter) profile of cognitive and emotional problems, as well as of
living arrangements and pastime activities. By doing so in the
present study, we built an empirical classification of the charac-
teristics linked to greater self-reported emotional and cognitive
difficulties in older individuals.

Method
Participants

An opportunistic sample of 820 older individuals (469 men and
320 women, 9 preferred not to say; age in year: M=73.61; SD =
9.06; education in years: M=8.56; SD = 4.02) who were members
of Age Italia associations were invited to participate in the pres-
ent study. Of these, 417 individuals agreed to complete the
three questionnaires on loneliness, depression/anxiety/stress,
and working memory (51% of the total sample). However, based
on the health questionnaire, the data of 110 participants
(13.41%) were excluded because of a) self-reported history of
neurological or psychiatric disorders or substance use; b) been
on anti-dementia medication. The data of 5 participants were
also excluded because their age was 40 year or younger (0.6%).
The final sample of healthy individuals consisted of 302 partic-
ipants (177 men; 121 women, 4 preferred not to say), corre-
sponding to the 36.83% of the total sample.

Measurements

We used a single questionnaire with 12 items on general health
and 14 items on demographic, living arrangements, and pas-
times, used by the AGE Italia association for their members. In
addition, the Italian version of the WMQ (Guariglia et al., 2020),
the Italian version of the Depression Anxiety Stress Scale (DASS,
Bottesi et al, 2015), and the Italian version of the UCLA
Loneliness Scale (Boffo et al., 2012) were used. There were 3
versions of the questionnaires to counterbalance the order of
presentation of the WMQ, DASS, and UCLA Loneliness question-
naires. For WMQ, DASS, and UCLA Loneliness questionnaires,
higher scores indicate more cognitive or emotional problems.

Procedure

The questionnaires were distributed through various pensioner
associations linked to AGE Italia (for the complete list, please see
Acknowledgments) in the period May-June 2021. Participants
completed the demographic and general health questionnaire,



and if they agreed to take part also in this survey, they com-
pleted the DASS, UCLA loneliness and WMQ questionnaires. All
participants provided informed consent and were free to com-
plete the questionnaires on site or take the questionnaires and
bring them completed later on. The different associations col-
lected the questionnaires, converted the paper questionnaires
to pdf files, and sent them to the researchers. Data collections
was completed by the end of September 2021.

Data analysis

Pre-processing

Two research assistants inputted the data in Excel and two
researchers double checked for errors. Doubts and incongru-
encies were resolved together with the two research assistants.

Defining clusters

We implemented an exploratory cluster analysis to identify sub-
groups of participants with similar response patterns to the
working memory questionnaire. Our cluster variables were
working memory scores in three domains (attention domain,
storage, and executive). We used k-means clustering, the most
commonly unsupervised machine learning algorithm for par-
titioning a given data set into k groups. The basic idea of
k-means clustering is to classify individuals based on high-intra-
class similarity. We employed the standard algorithm for k-clus-
tering, which defines the total within-cluster variation as the
sum of squared distances Euclidean distances between items
and the corresponding centroid (Hartigan & Wong, 1979).

We generated several models and contrasted them to deter-
mine the most appropriate structure for our data. Clusters were
verified and evaluated by implementing an alternative cluster-
ing procedure (Fuzzy C-Means clustering) in which each data
point could belong to more than one cluster. The graphical and
clustering methods, validity criteria, and interpretability of each
model were compared to determine the final cluster structure.
They were also quantitatively evaluated on 30 cluster validity
criteria within the ‘NbClust’ R package (Charrad, Ghazzali,
Boiteau & Niknafs, 2014). We used the Bayesian Information
Criterion (BIC) to validate the chosen cluster solution, which
balances the number of model parameters and data points
against the maximum likelihood function. We seek to find the
number of model parameters that minimise the BIC (the clus-
tering approach and results are detailed in Supplementary
Materials, Note 1).

Cluster profiling

We started profiling by examining demographics, living
arrangements and activities in each cluster. Next, we assessed
Emotion state profiles for the clusters using a mixed ANOVA
with Emotion state as a within-subject factor with three levels
(Depression, Anxiety and Stress) and Cluster as a between-sub-
ject factor with Type Il Sum of Squares. When the assumption
of sphericity (as indicated by Mauchly’s test) was violated, we
used Greenhouse-Geisser correction for degrees of freedom.
Post Hoc comparisons were performed using Holmes correction
for multiple comparisons. In addition, we performed corre-
sponding Bayesian analysis to gain evidence for contrasts with
pvalue =.01. Similar, a mixed ANOVA with Working memory as
a within-subject factor with three levels (Attention, Storage,
Executive) and Cluster as a between-subject factor was carried
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out to examine working memory complaints in each cluster.
Finally, we used a one-way between-subject ANOVA on loneli-
ness scores to examine the loneliness profile in each cluster.

Results
Clustering

The results of our clustering procedures indicated that a
three-cluster model appeared to be the most appropriate,
accounting for 71.9% of the total variability in the model. Cluster
1 comprised 61 individuals, Cluster 2 consisted of 123 individ-
uals and Cluster 3 included 118 participants. The input variables
yielded a silhouette coefficient of 0.39, indicative of fair cluster
homogeneity. To grasp an initial idea about how large the dif-
ferences in each cluster are compared to the overall average of
each working memory domain, we calculated the relative dif-
ferences of each domain per cluster to the overall average
(Figure 1). Overall, Cluster 1 represents individuals who report
more working memory problems and Cluster 3 represents indi-
viduals who report less working memory problems.

Demographic and living arrangement profiling

Overall, the three clusters represent individuals with similar age
and education (elementary and medium school level) and a
similar distribution of males and females, although Cluster 1
has slightly more individuals with high school education and
fewer with university degree (see Table 1). Cluster 1 has also a
smaller group of individuals, fewer of which live with their part-
ners. In contrast, Cluster 2 has more individuals who live with
their partners and fewer who live alone. Cluster 3 has individuals
whose characteristics are like those of individuals in Cluster 1
(e.g. living arrangements) and others that are similar to those
of individuals in Cluster 2 (e.g. age).

Pastime profiling

The three clusters represent individuals with different profiles
of pastime activities (see Table 2). Cluster 1 represents older
individuals with a few cultural or sports memberships, who
report very few activities like dancing, exercising, or walking/
trekking as their pastime. In contrast, Cluster 3 represents older
individuals with several cultural or sports memberships but who

Cluster
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2.0 1

1.0

0.5 4

Cluster Mean
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Figure 1. The relative differences of each domain per cluster (standardised
cluster mean). the error bars represent the standard error (SE) of the means.
Positive scores denote more self-reported WMQ problems. Negative scores
denote less self-reported WMQ problems.
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Table 1. Demographic and living arrangement profiles* (percent).

Cluster 1 Cluster2  Cluster3
Demographics (N=61) (N=123) (N=118)
Age Mean (SD) 73.59(8.47) 73.17(8.26) 73.18(8.26)
Sex Males 63.94 56.10 58.48
Females 34.43 40.65 36.44
Education Elementary 47.54 49.59 46.61
school
Medium school 2295 23.58 24.58
High school 16.93 11.38 13.56
University degree  1.64 4.07 4.24
None 4.92 1.63 5.09
Living arrangements Alone 18.03 13.01 17.79
Carer 0.0 0.81 0.0
Partner 55.74 72.36 62.71
Relatives 22.95 12.19 16.95

Table 2. Pastime profiles for the 3 clusters (values are percentages).

Activity Regularity Cluster 1 Cluster 2 Cluster 3
Cultural/sports Yes 9.84 13.01 27.97
membership

Dancing Often 1.64 4.07 4.24
Sometime 9.84 10.57 20.34
Never 78.69 69.92 60.17

Physical exercising ~ Often 8.19 4.88 17.79
Sometime 16.39 12.19 27.97
Never 65.59 68.29 4237

Walking/trekking ~ Often 2295 10.57 22.88
Sometime 16.39 27.64 3136
Never 50.82 51.22 31.36

report fewer pastime activities, somewhat similar to individuals
in Cluster 1. Finally, Cluster 2 represents older individuals with
many cultural or sports memberships who report often dancing,
physical exercising, and walking/trekking as pastimes.

Emotion state profile

A mixed ANOVA with Emotion state (this term is used following
the central concept of DASS to measure the negative emotional
states of depression, anxiety and stress, Lovibond & Lovibond,
1995) as a within-subject factor with three levels (Depression,
Anxiety and Stress) and Cluster as a between-subject factor
revealed a main effect of Emotion state (F(1.94, 582.19) = 104.26,
p <.001, r]p2 = 0.26), a main effect of Cluster (F(2,299) =43.34,p
<.001, r]p2 =0.23). The interaction between Emotion state and
Cluster was non-significant (F(3.89, 582.19) = 0.78, p = .53)
(Figure 2).

Post Hoc test showed that Cluster 1 yielded higher Emotional
state scores compared to Cluster 2 (MD =2.39,SE=0.39, t=6.11,
Phoim < -001, Cohen’s d=0.83, 95% Cl for Cohen’s d [0.49, 1.17])
and Cluster 3 (MD =3.67,SE=0.39, t=9.31, p,;;, <-001, Cohen’s
d=1.27,95% Cl for Cohen’s d [0.92, 1.63]). Cluster 2 also showed
higher scores on Emotional state than Cluster 3 (MD = 1.28, SE
=0.32,t=3.97, py,om < -001, Cohen’s d=0.44, 95% Cl for Cohen's
d [0.17, 0.72]). Interestingly, across all clusters, the depression
scores did not differ from anxiety scores (Cluster 1: MD = 0.09,
SE=0.32,t = .31, poim = 1.0; Cluster 2: MD = 0.32, SE = 0.22,
t=1.42, ppom = -89; Cluster 3: MD =0.12, SE=0.23, t = .52, p,oim
= 1.0). Bayesian ANOVA confirmed the results of the classical
ANOVA, showing evidence supporting the null hypothesis for
no differences between depression and anxiety scores in each
cluster (see details in Supplementary Materials, Note 2 (2.1)).
Finally, stress scores were consistently higher than anxiety
scores across the clusters (Cluster 1: MD=1.95,SE=0.32,t=6.16,
Phoim < -001, Cohen’s d=0.68, 95% Cl for Cohen’s d [0.31, 1.04];

Clusters

0OeOo
W N =

Emotion state scores

[ [ 1
Depression Anxiety  Stress

Emotion state

Figure 2. Mean scores on depression, anxiety, and stress in each Cluster. The
error bars represent the standard error of the mean.

Cluster 2: MD = 1.57, SE = 0.22, t=7.03, p;oi, < -001, Cohen’s
d=0.55,95% Cl for Cohen’s d [0.29, 0.81]; Cluster 3: MD = 2.05,
SE = 0.23, t=9.00, pyom < .001, Cohen’s d=0.71, 95% Cl for
Cohen’s d [0.44, 0.98]). A Bayesian analysis provided evidence
that the magnitude of these differences was similar across the
clusters (BF,, = 8.91; see details in Supplementary Materials,
Note 2 (2.2))

Working memory profile

A mixed ANOVA with Working memory domains (Attention,
Storage, Executive) as a within-subject factor and Cluster as a
between-subject factor revealed a main effect of Working mem-
ory (F(1.92, 574.06) = 3.64, pyoim = -03, r]p2 =0.01), a main effect
of Cluster (F(2,299) = 660.27, p; o, < -001, np2 =0.82) and inter-
action between Working memory and Cluster (F(3.84, 574.06)
=9.78, Ppoim < -001, r]p2 = 0.06) (Figure 3).

The interaction between Working memory and Cluster was
driven by different patterns of working memory problems
reported by individuals in Clusters 1 and 3. At the same time,
no differences between Attention, Storage and Executive were
found for individuals in Cluster 2 (MD = 0.63, SE = 0.35, t=1.79,
Phoim = -37; MD = 0.59, SE = 0.35, t=1.65, p, .,,,, = .39; MD = 0.05,
SE =0.35, t=0.14, py,oim = 1.0). It must be noted, however, that
in Cluster 2, a Bayesian analysis was inconclusive in quantifying
evidence to support the null hypothesis (BF, = 2.49, BF , = 2.33,
BF,, = 2.85 respectively) (see details in Supplementary Materials,
Note 2 (2.3)).

In Cluster 1, participants reported fewer problems in the
Executive compared to the Storage (MD=-1.48, SE = 0.50,
t=-2.94, py,oim = .02, Cohen’s d=—-0.42, 95% Cl for Cohen’s d
[0.88, 0.04]) and Attention domains (MD=-1.64, SE = 0.50,
t=—3.27, pyoim = 0.008, Cohen’s d=—0.47, 95% Cl for Cohen'’s
d [-0.93, —0.04]) while there was no difference between
Attention and Storage domains (MD = 0.65, SE = 0.50, t=1.08,
Phoim = -37, BF,; = 4.61). In contrast, participants in Cluster 3
reported fewer problems in the Storage domain compared to
the Attention domain (MD=-1.81, SE = 0.36, t=-5.0, pgim <
.001, Cohen’sd=-0.51,95% Cl for Cohen’s d [-0.85, —0.18]) and
Executive domain (MD=-1.89, SE=0.36, t=-5.24, p,;,, < .001,
Cohen's d=-0.54, 95% Cl for Cohen’s d [-0.87, —0.20]). The dif-
ference between Attention and Executive domains did not
reach significance (MD = 0.09, SE = 0.36, t=0.24, py,o;m = 1.0,
BF,, = 9.46).
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Figure 4. Mean UCLA scores. The error bars represent the standard error of the
means.

Overall, Cluster 3 showed significantly fewer problems in
working memory compared to Cluster 1 (MD=-15.33, 95% Cl
for MD [-16.36, —14.31], SE = 0.43, t=— 36.02, p,;,, < 001,
Cohen’s d=- 4.35 95% Cl| for Cohen’s d [-4.87, —3.83]) and
Cluster 2 (MD=-6.74, 95% Cl for MD [-7.58, —5.91], SE = 0.35,
t=—19.39, p,oim < -001, Cohen’s d=—1.92 95% Cl for Cohen’s d
[-2.22, -1.61]). Participants in Cluster 1 reported more working
memory issues compared to Cluster 2 (MD = 8.59, 95% Cl for
MD [7.59,9.60], SE = 0.42, t=20.31, p;,.,,, < .001, Cohen’s d = 2.44
95% Cl for Cohen’s d [2.06, 2.81]) (Figure 3).

Loneliness profile

We calculated loneliness scores measured by UCLA for each clus-
ter and submitted them to a one-way between-subject ANOVA.
Levene’s test indicated that the assumption of equal variances
for UCLA scores across the clusters was not violated (F(2,299) =
0.45, p = .64). There was a main effect of Cluster on UCLA scores
(F(2,299) =32.35,p <.001, np2 =0.18), (Figure 4). A bootstrapped
Post Hoc test based on 1000 successful replicates showed that
participants in Cluster 1 had the highest loneliness scores com-
pared to participants in Cluster 2 (MD =4.13,95% Cl for MD [2.43,
4.13],SE=0.86, t=4.62, p; 1, < -001, Cohen'’s d=0.72, 95% Cl for
Cohen’s d [0.34, 1.11]) and Cluster 3 (MD = 7.10, 95% Cl for MD
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[5.47,8.91], SE=0.87, t=7.99, P, < 001, Cohen’s d=1.26, 95%
Cl for Cohen’s d [0.86, 1.66]). Individuals in Cluster 3 had lower
loneliness scores compared to Cluster 2 (MD=— 2.99, 95% Cl for
MD [-1.63, — 4.48], SE=0.72, t=—4.16, p, ,;,,, < .001, Cohen’s d=—
0.54, 95% Cl for Cohen’s d [-0.22, —0.85]).

The association between working memory, emotion
state and loneliness profiles

To test the association between working memory, emotion state
and loneliness profiles in each cluster, we carried out a
Spearman’s correlation and assessed evidence for positive or
negative associations using a Bayesian approach. Figure 5 dis-
plays the associations with reliable evidence (BF,, > 10). Full
correlation analysis is reported in Supplementary Materials
(Note 3).The results indicated a cluster-specific correlation pat-
tern across the variables.

Clusters 1 and 3 showed similar association pattern between
working memory and emotion state. Specifically, for these clus-
ters all emotion dimensions positively correlated with problems
in attention but not with problems in storage domain. However,
Cluster 3 showed strong associations between problems in
executive functioning and depression and between executive
functioning and storage. These two associations were absent
in Cluster 1, this is the cluster with individuals who report higher
levels of working memory problems. Individuals in Cluster 2
showed no association between emotion state and working
memory problems excluding a positive correlation between
anxiety and executive functioning. The later relationship indi-
cated that increasing anxiety was associated with reports of
poorer executive functions. Moreover, individuals in Cluster 2
showed weak but reliable positive association between loneli-
ness scores and depression whereas individuals in Cluster 3
showed weak, positive association between loneliness and
anxiety (Figure 5).

Discussion

Loneliness has been identified as one of the risk factors for cog-
nitive decline in older individuals, but the available evidence
has limitations, including that often cognitive performance is
assessed using instruments that cannot detect subtle changes
that may be precursors of more substantial problems. Most
importantly, older individuals often present very heteroge-
neous cognitive and emotional complaints. Here, we aimed to
fill this gap by providing insight into the association between
subjective cognitive decline in the working memory domain,
perceived loneliness, anxiety, depression, and stress for different
profiles (i.e. clusters) of older, healthy individuals. Most previous
studies into the relationship between these variables relaxed
the assumption of heterogeneous subpopulations within a
study sample, but it is reasonable to assume that self-reported
cognitive problems may not appeal equally to the entire pop-
ulation. Therefore, we probed for the relationship between
perceived loneliness, anxiety, depression, and stress by explor-
ing patterns of individual differences within our sample using
k-means clustering.

Based on self-reported cognitive problems, we could isolate
clusters of individuals characterized by three different profiles.
The profile of older individuals in cluster 1 with more problems
overall, especially in the attention and storage domains, and
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CLUSTER1
Depression Anxiety Stress  Attention Storage Executive  UCLA
Depression
Anxiety 0.38***
Stress 0.75*** 0.58***
Attention 0.29* 0.36*** 0.34***
Storage 0525
Executive 0:54°= 0:335" 0.45**
UCLA
CLUSTER 2
Depression Anxiety Stress Attention Storage = Executive UCLA
Depression
Anxiety 0.39***
Stress 0.57*** 0.58***
Attention
Storage
Executive 0.44***
UCLA 0.33***
CLUSTER 3
Depression Anxiety Stress Attention Storage  Executive UCLA
Depression
Anxiety 0.77***
Stress 0.84*** 0.78***
Attention  0.47*** 0.47*** 0.42***
Storage 0.58***
Executive 0.43*** 0.48*** 0.39* 0.77** 0.65***
UCLA 0.39*

Figure 5. Spearman’s rho between working memory, emotion state and loneliness variables.

*BF,, > 10; **BF,, > 100; ***BF,, > 1000

higher perceived loneliness. However, despite these com-
plaints, these individuals did not report more anxiety or depres-
sion than individuals in the other two clusters. This is important
as past findings suggest that cognitive complaints—and espe-
cially memory and executive functions complaints—may
reflect depressed mood rather than poor cognitive perfor-
mance (e.g. Bolla et al., 1991; Lockwood et al., 2000; Philippot
& Agrigoroaei, 2017). As the present findings show no differ-
ences in depression between the profile of older individuals
with higher subjective cognitive decline and perceived loneli-
ness (cluster 1) and the profile of older individuals with the
lowest subjective cognitive decline and perceived loneliness
(cluster 3), an account in terms of greater depression and anx-
iety for older individuals in cluster 1 seems unlikely. This is in
keep with past findings showing that the relationship between
loneliness and cognitive ability is significant after controlling
for clinical depression (Holwerda et al., 2014; O’Luanaigh et al.,
2012).Therefore, individuals in cluster 1 and cluster 3 have mir-
ror profiles with regard to subjective cognitive decline and
perceived loneliness, while they do not differ on depression.
Importantly, this is not the case for older individuals in cluster
2, who had profiles of subjective cognitive decline, emotions
and perceived loneliness that were in between those of their
peers in the two other clusters as in this case depression cor-
related with perceived loneliness. Considering that depression
and depressive symptomatology represent a risk factor for
cognitive decline in older adults (Shahnawaz et al., 2013; Zlatar,
Moore, Palmer, Thompson, & Jeste, 2014), future studies

assessing the different developmental paths for individuals
with this profile may provide useful insight.

In sum, the present findings point to three different profiles
of subjective cognitive decline and perceived loneliness in older
individuals, where only older individuals in cluster 2—repre-
senting more individuals who live with their partners, with some
cultural and sport activities, and who report mild levels of sub-
jective cognitive problems—show a positive relation between
perceived loneliness and depression. The profiles of older indi-
viduals in cluster 3—i.e. fewer individuals living with their part-
ners, with more cultural and sport activities, and who report the
least subjective cognitive problems—show a positive relation
between perceived loneliness and anxiety. By contrast, for the
profile of older individuals in cluster 1—i.e. more individuals
living alone, with some cultural and sport activities, and who
report the most subjective cognitive problems and perceived
loneliness -we did not find any meaningful relation between
perceived loneliness and depression or anxiety. It is also inter-
esting that for individuals in cluster 1 perceived loneliness did
not correlate with cognitive and emotional problems. The only
association present for older individuals with this profile is
between anxiety, stress and subjective cognitive problems in
the attention and executive domain, whereas depression had
a small association (r=.29) only with problems in the attention
domain. These links can be bidirectional as they may indicate
that being emotionally distressed affects cognitive functions or
that experiencing cognitive problems enhances emotional dis-
tress. In fact, as discussed earlier, it is well recognized in



literature that cognitive functions—especially working mem-
ory, episodic memory, and executive functions—are affected
by depression (Chen et al., 2022), stress (Guo et al,, 2022) and
anxiety (Chen et al., 2022). However, it is also well recognized
that the presence of even mild cognitive problems is frequently
associated with emotional distress (Apostolova & Cummings,
2008). That in the present study the correlations fail to show a
direct relationship between perceived loneliness and subjective
cognitive decline could be due to this being an indirect link,
mediated by the sharpening effect of emotional distress. Such
an account would be in keeping with the profile of perceived
loneliness and depression for individuals in cluster 2 (i.e. with
milder levels of self-reported cognitive problems) and the pro-
file of perceived loneliness and anxiety for individuals in cluster
3 but no association with self-reported working memory prob-
lems in any clusters. Although past studies have shown that
chronic loneliness increases the risks for depression and anxiety
(Cacioppo et al., 2010) and that depression is a mediator for the
relationship between loneliness and cognitive functions
(McHugh Power et al., 2020; but see Sin et al., 2021 for the effect
of loneliness on cognition even after controlling for depression),
the present findings point an association with stress and anxiety
rather than depression, at least for the two clusters (cluster 1
and cluster 3) with mirror profiles of subjective cognitive decline
and perceived loneliness. The present findings are in line with
Donovan and Blazer (2020) who have isolated three categories
of mediators—behavioural, psychological, and biological—that
contribute to the impact of loneliness on healthy ageing, with
stress being the main psychological moderator. This pattern
points to a possible role of anxiety and stress response as a
possible underlying mechanisms for the association between
loneliness and poor cognition (Ren et al.,, 2023).

Finally, it should be noted that by using the clustering
approach here, we did not intend to define unique profiling that
could be generalised to the whole population. Instead, our results
indicated that identifying groups of older people based on their
subjective cognitive difficulties can be a way forward to address
loneliness and mood disorder issues while accounting for het-
erogeneity in the older population. Therefore, the present find-
ings could guide future studies—especially longitudinal
studies—in establishing whether prolonged perceived loneliness
can accentuate the progression from subjective cognitive decline,
with un-impaired performance on neuropsychological tests, to
a diagnosis of cognitive decline (e.g. Jessen et al.,, 2014; Reisberg
etal., 2010). Similarly, the 3 clusters of different profiles may pro-
vide important insight for future research on the impact of inter-
vention programs. For instance, recent findings show that the
likelihood of years spent with healthy cognition decreases with
increasing loneliness (Li et al., 2023). A key question for future
research is to what extent measures aimed at contrasting or pre-
venting loneliness may assist individuals with moderate levels of
loneliness and subjective cognitive decline (i.e. similar to the
profile of individuals in cluster 2) to progress toward a healthier
profile (i.e. similar to the profile of individuals in cluster 3), with
lower subjective cognitive decline. By the same token, interven-
tions aimed at reducing the loneliness may help preventing a
progression toward a poorer cognitive and emotional profile (i.e.
similar to the profile of individuals in cluster 1), with the highest
report of problems. Moreover, the success of potential interven-
tion measures may well vary depending on the specific profile,
as individuals with cluster 2 profiles may benefit more from inter-
ventions aimed at providing opportunities to establish new,
meaningful relationships with people based on shared activities
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and interests (see Rodriguez-Romero et al., 2021). In contrast,
individuals with cluster 1 profiles may benefit more from inter-
ventions that first provide support and then promote and encour-
age behaviours aimed at establishing new, meaningful
relationships (for recent reviews, see Galvez-Hernandez et al.,
2022; Thompson et al., 2023). The present findings could guide
future research in planning interventions aimed at promoting
healthy ageing and contrasting the progression from subjective
cognitive decline to cognitive decline and dementia.

The present survey entails a few limitations that should be
acknowledged. The findings represent individuals who are
members of Age Italia associations, offering different services
and assistance but also organizing activities in which members
can take part. Therefore, it does not represent older individuals
who do not have these possibilities and less occasions to con-
nect with others and receive less support. In addition, the pres-
ent findings represent only individuals who volunteered to
complete the survey and were in good general health. This
inevitably introduces a bias as individuals who are unwell and/
or feel lonelier and for a longer time may be more withdrawn
and less available to participate in various activities, including
a survey. Our sample also represented more men than women
and this may simply reflect the distribution of people who
accessed the associations during that period of time. If at all,
that our sample had more men than women may underestimate
the effects we report as subjective cognitive decline is more
common in women (Reynolds et al., 2022) whereas a recent
met-analysis shows that there are no gender differences in
reporting loneliness (Maes et al. 2019). However, our findings
are limited to the attention and executive functions domains
as we did not assess self-reported problems in other domains,
including memory. Although, it should also be noted that a
recent neuroimaging study using a large cohort of old individ-
uals (N=1468, over 60years old) reported no association
between loneliness and memory performance (Solé-Padullés
et al., 2022). This study found no significant brain correlates of
loneliness with hippocampal volume change or cortical thin-
ning, indicating that the association between loneliness and
memory does not characterise healthy ageing. In general, even
with these limitations, the present s findings have the potential
to help future longitudinal studies formulate data-driven
hypotheses that help clarify the links between perceived lone-
liness, subjective cognitive decline, and emotional well-being.

In conclusion, the present study demonstrated that drawing
inferences about the relationship between perceived loneliness
and subjective cognitive functioning in older individuals
extends beyond a common one-size-fits-all approach. The sub-
stantial variations in self-reported cognitive problems were
associated with distinct emotional and loneliness profiles. We
suggest that identifying the hidden patterns by clustering sim-
ilarities within the older cohort may help to reconstruct a pos-
sible underlying data structure which is essential to draw
conclusions and evaluating a prospective intervention. This is
an important step in the process aimed at reducing the risk of
cognitive decline and promoting healthy ageing, which must
also involve contrasting the feeling of being lonely.
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