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ABSTRACT

Objective: To evaluate the relationship between loneliness and cognitive functioning, and whether
depressive and anxiety symptoms have intermediate roles therein.

Methods: Information about 7,433 participants of the Irish Longitudinal Study on Ageing (a pro-
spective, representative cohort study), aged over 50, was collected at three time-points two years
apart, and analysed using Structural Equation Modelling to assess whether depressive and anxiety
symptoms mediate the relationship between loneliness and cognitive functioning. Cognitive func-
tioning was measured as a latent factor, with four indicators: measures of immediate and delayed
word recall, verbal fluency, and a global measure (the MMSE). Loneliness was measured using the
UCLA Loneliness scale, depressive symptoms using the CES-D-ML scale, and anxiety symptoms
using the HADS-A scale.

Results: Loneliness at time-point 1 predicted cognitive functioning at time-point 3, § = —0.103,
p <0.001, and depressive (f=0.426, p<0.001) and anxiety (f#=0.410, p <0.001) symptoms at
time-point 2. Depressive (f = —0.020, p=0.001) but not anxiety (f = —0.000, p =0.658) symp-
toms mediated the relationship between loneliness and cognitive functioning, total effect: f =
—0.123, p < 0.001.

Conclusion: The relationship between loneliness and cognitive functioning is in part explained by
its relationship with depressive symptoms. Statistically, the mediation model helps us understand
possible mechanisms through which loneliness impacts cognitive functioning. Results have implica-
tions for cognitive functioning interventions for older adults, and imply that loneliness is also a
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worthwhile target for intervention.

Introduction

Evidence is accumulating for the existence of a relationship
between loneliness and cognitive outcomes. Loneliness is
related to higher risk of cognitive decline (Boss, Kang, &
Branson, 2015) and to the development of Alzheimer's
Disease (Wilson et al., 2007). Loneliness is most commonly
defined as a perceived discrepancy between actual and
desired levels of social contact with others (Peplau &
Perlman, 1982) or in the quality of these contacts (Hawkley
et al., 2008). In a comprehensive discussion of the manner
through which loneliness might impact cognitive function-
ing, Hawkley and Cacioppo suggest some pathways
(Cacioppo & Hawkley, 2009) that may explain this effect.
Such pathways were thought to include: -elevated
Hypothalamic-Pituitary-Adrenal (HPA) axis activation/neuro-
inflammation; age-related reductions in social stimulation;
cognitive load as a result of the hypervigilance associated
with loneliness (they hypothesise that lonely individuals are
hyper-vigilant to social threats in the environment); depres-
sion and sedentary behaviour; reduced social interaction
(since loneliness and cognitive decline may both be caused
by reduced social interaction); and diminished sleep quality
(since loneliness is known to have an impact on the quality
of sleep, which can in turn adversely impact cognitive
functioning).

As well as these suggested mechanisms, there is cause
to expect mediating roles of depressive and anxiety symp-
toms specifically in the relationship between loneliness and
cognitive functioning. Firstly, loneliness represents a risk
factor for depression (Cacioppo, Hawkley, & Thisted, 2010;
Heikkinen & Kauppinen, 2004; Luanaigh & Lawlor, 2008)
and is also associated with anxiety (Beutel et al., 2017;
Muyan et al,, 2016). In addition, the links between depres-
sive and anxiety symptoms and cognitive functioning
(thought to be causal), are well documented. Higher levels
of anxiety have previously been shown to relate to poorer
cognitive function in older adults (Wetherell, Reynolds,
Gatz, & Pedersen, 2002) alongside worse decline in process-
ing speed over a six year period (Petkus, Reynolds,
Wetherell, Kremen, & Gatz, 2017). Higher levels of depres-
sive symptoms are also known to be related to lower levels
of cognitive performance (Weisenbach, Boore, & Kales,
2012; Yaffe et al, 1999). Depression was also previously
found to mediate the association between receipt of social
support and cognitive function in an ageing population
(Gow, Corley, Starr, & Deary, 2013). Given that depressive
and anxiety symptoms represent the most common mental
disorders of later life (Byers, Yaffe, Covinsky, Friedman, &
Bruce, 2010) it would appear important to explore their
contribution to negative outcomes such as poor cognitive
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functioning, in the context of loneliness. Loneliness may
constitute a form of stress with deleterious effects on psy-
chological, physical, and cognitive health (Cacioppo,
Grippo, London, Goossens, & Cacioppo, 2015) and since it
has a peak during later life (Qualter et al., 2015) it is vital
to evaluate its impact on these outcomes.

However, the field is lacking empirical evidence on the
potential mediating role of depression and anxiety in the
relationship between loneliness and cognitive functioning.
Using data from the Irish Longitudinal Study on Ageing,
we investigated whether depressive and anxiety symptoms
constitute mediators of the purported relationship between
loneliness and cognitive functioning, among adults aged
over 50.

Hypothesis

Depressive and anxiety symptoms constitute mediators of
the (negative) association between loneliness and cognitive
functioning.

Research design and methods

TILDA (Irish Longitudinal Study on Ageing) is a representa-
tive, longitudinal cohort study of ageing among adults in
Ireland. Participants (8504 in total) over the age of 50 were
recruited via stratified random sampling based on all geo-
graphical units in the country. Informed consent was
obtained from all individual participants included in the
study. More information on the design of the TILDA study
is available elsewhere (Kenny et al., 2010). The baseline
assessments were collected between 2009 and 2011.
Follow-up assessments have since been conducted every
two years. The current analysis utilises data collected dur-
ing the baseline (wave one), and waves two and three of
the study.

Participants

Of the 8504 TILDA participants, 8163 were over the age of
50, and as such included in the current analyses. The
remaining participants were spouses or partners of the par-
ticipants initially contacted, who were also invited to par-
ticipate in the study regardless of age. The mean age of
participants at baseline was 63.83 (age range of 50-105;
standard deviation = 9.78) and 45.8% were male. Each par-
ticipant completed a home-based interview with an asses-
sor, a paper-based questionnaire in their own time, and
were invited to participate in a health assessment in a
TILDA health centre if possible. At wave two, 1180 partici-
pants had been lost to follow-up (205 had died, 166 were
untraceable, and 809 refused). By wave three, a further 304
were deceased. Between baseline and wave three, a total
of 1089 participants were refused or withdrawn, 89 were
untraceable, and 56 were lost to follow-up for
other reasons.

Participants were asked at baseline (wave 1) whether
they had been told by a doctor that they had any of the
following: Alzheimer’s disease, dementia, organic brain syn-
drome, senility, a serious memory impairment, or any emo-
tional, nervous, or psychiatric problems such as depression
and anxiety. Eight individuals had been told they had

Wave 1 TILDA participants

(n=8504)
Excluded (n=341)
- Age<50
Age>=50
(n=8163)

Exclusion after full text
screening (n=730):

- Had Alzheimer’s disease (n=8)
- Had dementia, organic brain
syndrome, or senility (n=8)

- Had serious memory
impairment (n=39)

- Had emotional, nervous, or
psychiatric problem (n=679)

Total sample size
(n=7433)

Figure 1. Flow diagram showing the sample selection process.

Alzheimer’s disease; eight had been told they had demen-
tia, organic brain syndrome, or senility; 39 had been told
that they had a serious memory impairment, and 679 had
been told that they had an emotional, nervous, or psychi-
atric problem such as depression or anxiety. These groups
amounted to 730 individuals in total. Data pertaining to
these 730 individuals were excluded from further analysis,
yielding a final sample size of 7433. Figure 1 displays a
flow diagram showing the sample selection process.

All procedures performed in studies involving human
participants were in accordance with the ethical standards
of the Faculty of Health Sciences Research Ethics
Committee at Trinity College Dublin and with the 1964
Helsinki declaration (and its later amendments, and com-
parable ethical standards).

Measures

Covariates included in the model were age, sex, education
level (categorised as having received no education, or less
than second level, having received second level education,
or having received tertiary level education or higher), and
physical health (measured using two self-reported items:
number of cardiovascular conditions, including angina,
heart attack, heart failure, stroke, and abnormal heart
rhythm etc; and number of chronic conditions, including
the above cardiovascular conditions, hypertension, dia-
betes, asthma, bronchitis, cancer, arthritis etc.).

Cognitive measures

Outcomes of interest were cognitive in nature and meas-
ured episodic memory, global cognitive functioning, and
executive functioning. The cognitive measures deployed in
TILDA were chosen according to specific guidelines set out
by the Health and Retirement Study (HRS), who were the
first study to attempt cognitive evaluation of participants
in a national survey. Following these guidelines, measures
were chosen to be sensitive to change over time,



administrable in a survey context, to provide data that is
comparable to other national surveys, and to be valid and
reliable (Kenny et al., 2010).

Participants engaged in an immediate word list recall
task where they heard a list of ten nouns read to them by
a recorded voice and had to repeat as many as they could.
This task was adopted directly from the HRS, and the list of
ten words were the same as those used in the HRS.
Delayed word list recall was evaluated by repeating this
task following a distractor task. More information about the
development of the immediate and delayed word list recall
tasks, which were developed specifically for the HRS, are
available elsewhere (Ofstedal, Fisher & Herzog, 2005).

The Mini Mental State Examination (MMSE) was used as
a more global measure of cognitive functioning in both
TILDA and the HRS (Folstein, Folstein, & McHugh, 1975).
The MMSE is the best known and most frequently used
brief method of evaluating cognitive impairment in older
adults (Arevalo-Rodriguez et al., 2015), and is used both in
research and clinical settings. The MMSE evaluates atten-
tion, orientation, memory, registration, recall, calculation,
language, and praxis.

Verbal fluency was measured using an animal naming
task whereby the participant was instructed to name as
many animals as they could in 60 seconds. The task is ori-
ginally derived from Thurstone’s Word Fluency Test and is
used in the HRS and ELSA. The animal naming task is also
considered to be a measure of executive functioning (Fisk
& Sharp, 2004) although this task may not be the ideal
measure of executive functioning (Shao, Janse, Visser, &
Meyer, 2014).

Psychosocial measures

Loneliness was measured using a five-item version of the
UCLA loneliness scale (Russell, 1996). Because of poor fac-
tor loading, item 4 (“Do you feel in tune with the people
around you?”) was dropped from the models reported
below. Depressive symptoms were measured using the vali-
dated and reliable 20-item Centre for Epidemiological
Studies (CES-D) scale (Radloff, 1977). Because of poor factor
loading, item 4 (“l felt that | was just as good as other peo-
ple”), 15 (“People were unfriendly”), and 19 (“I felt that peo-
ple disliked me”) were dropped from the models reported
below. Qualitatively, these items could be interpreted as
describing a subcategory of depressive symptoms concern-
ing social success, which may be better described as a sep-
arate construct. Anxiety symptoms were measured using
the Hospital Anxiety & Depression Scale Anxiety (HADS-A)
Subscale (Zigmond & Snaith, 1983). In this scale, all items
loaded well onto the Anxiety latent variable.

Data analysis

All analyses were conducted in R software (version 3.1.0).
Structural Equation Modelling (SEM) was used to evaluate
whether depressive and anxiety symptom measures medi-
ated the putative relationships between loneliness and
cognitive outcomes. Cognitive measures may not individu-
ally represent cognitive function perfectly, despite each
measure having some degree of explanatory power. Taking
the four cognitive outcomes as separate observed
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dependent variables would increase measurement error.
Thus we decided to further explore our data by characteris-
ing cognitive functioning as a latent variable measured by
five items: Immediate Recall (two separate trials thereof,
with error variances allowed to co-vary between the two
and with Delayed Recall), Delayed Recall, MMSE, and Verbal
Fluency. Loneliness was also treated as a latent variable
with 4 items in the UCLA loneliness scale as indicators.
Depression was treated similarly as a latent variable com-
posed of 16 items of the CES-D-ML scale with the item
about loneliness removed to avoid multicollinearity
(Cacioppo, Hughes, Waite, Hawkley, & Thisted, 2006) and
Anxiety was also treated as a latent variable composed of
all 7 items in the HADS-A scale. Omega values were com-
puted as reliability coefficients with a cut off of 0.7 taken
as demonstrating acceptable reliability (Revelle &
Zinbarg, 2009).

As well as facilitating the inclusion of latent factors like
Cognitive Function in the current example, SEM is useful
when assessing mediation since it caters for endogeneity
between cause and effect, while estimating several equa-
tions simultaneously (Gunzler, Chen, Wu, & Zhang, 2013).
We used the ‘lavaan’ package (version 0.5-20) in R to con-
duct the mediation analysis (Rosseel, 2012). Another feature
of this package is that it facilitates multiple imputation for
missingness, here using the full information maximum like-
lihood (FIML) approach. The lavaan package outputs sev-
eral measures of goodness of fit including the Comparative
Fit Index (CFI), Tucker Lewis Index (TLI), Root Mean Square
Error Approximation (RMSEA) and the Standardised Root
Mean Square Residual (SRMR). The lavaan package also
describes standardised beta coefficients for all specified
natural direct and total pathways in the model as well as
estimates of the natural indirect effects (i.e those whose
effects are via each specified mediator). The natural direct
effect here refers to the difference in risk of cognitive
decline between the individuals who are lonely and those
who are not lonely, conditional on a given level of the
mediators (depressive and anxiety symptoms). The natural
indirect effect, meanwhile, refers to the difference in risk of
cognitive decline between the individuals who are lonely
and those who are not lonely with and without symptoms
of depression and anxiety.

Results
Sample characteristics

The characteristics of 7,433 participants in the current ana-
lysis are described below in Table 1. All participants were
aged over 50, with a mean age of 63.99, and 46.64% were
male, with almost one third of participants (30.7%) without
any formal educational qualifications. Performance in
immediate and delayed recall was similar to that previously
reported in the HRS, a nationally representative study of
U.S. adults aged over 50 (where average scores of 6.06 in
immediate and 5.21 in delayed word recall were recorded;
Runge, Craig & Jim, 2015). Scores on the MMSE indicated
that participants overall had good cognitive functioning,
and scores on the verbal fluency task were superior to
norms in the population aged over 50 previously reported
which ranged from 20 in the 50-59 age group to 13 in the
90-95 age group (Tombaugh, Kozak, & Rees, 1999). The
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Table 1. Sample characteristics of 7433 participants at baseline (wave one)
of the TILDA study.

Variable name Mean/Percentage SD
Age 63.99 9.83
Gender

Male 46.64% (n =3467)

Female 53.36% (n =3966)

Education Level

No Education

Secondary Education

Third level or Higher Education

30.7% (n=2282)
40.2% (n = 2986)
29.1% (n=2161)

Immediate Recall (Trial 1) 5.69 1.74
Immediate Recall (Trial 2) 7.44 1.89
Delayed Recall 5.87 2.35
MMSE 28.31 217
Verbal Fluency 20.3 7.07
Number of Cardiovascular Conditions 0.19 median = 0 0.52
Number of Chronic llinesses Reported 1.67 median = 1 1.42
Loneliness 1.81 2.08
Depressive Symptoms 479 6.22
Anxiety Symptoms 3.14 3.12

sample were generally healthy with a median of 0 cardio-
vascular and 1 chronic illnesses reported. Scores on loneli-
ness were slightly lower, on average, for the current
subsample of TILDA than for the entire sample (mean = 2,
Barrett et al., 2011). Scores of depressive symptoms were
not comparable to the TILDA sample since the item on
loneliness was excluded.

Mediation within linear SEM

A linear SEM model with mediation pathways was created
to evaluate whether depressive and anxiety symptoms rep-
resent mechanisms through which loneliness impact
Cognitive Function among older adults. The model con-
verged after 85 iterations. The model fit indices indicated a
mediocre to acceptable fit, x2577 = 6194, p < .001; but CFI
= 0.89, TLI = 0.88, RMSEA = 0.046 (Clyg = 0.044, 0.047),
SRMR = 0.083. The fit indices RMSEA and SRMR here are
acceptable (Hu & Bentler, 1999) but the CFl and TLI are just
below cut off. The measurement component of the model
is detailed in Table 2. Cognitive Functioning as a latent
variable had generally high factor loadings (between 0.578
and 0.753) with an omega value of 0.70 which appears to
indicate reliability. Loneliness as a latent variable had gen-
erally acceptable factor loadings (0.694-0.771) with an
acceptable omega value of 0.83. Factor loadings for depres-
sive symptoms were between 0.403 and 0.721, with an
omega value of 0.86. Finally, anxiety symptoms had a high
omega value (0.78) and factor loadings were between
0.484 and 0.665.

Regression paths showed that Loneliness at wave 1 had
a small association with Cognitive Function at wave 3, f§ =
—0.103, p < .001, while depressive symptoms at wave 2
also had a very small association with Cognitive Function,
p = —0.047, p=.004, but not anxiety symptoms, f =
—0.001, p = .958. Depressive (f=0.426, p < .001) and anx-
iety symptoms (f=0.410, p<.001) were both predicted by
Loneliness, with a moderate effect size (see Figure 2). The
mediation analysis showed that an indirect pathway exists
between Loneliness and Cognitive functioning via depres-
sive symptoms (f = —0.020, p = .005) but not via anxiety
symptoms (ff = —0.000, p=.958), with a small total effect (f
= —0.123, p < .001; see Table 3). For each increase of one
standard deviation in loneliness, there is 0.103 of a

standard deviation decrease in cognitive function latent
scores through the direct effect. Subsequently, the size of
the indirect effects via Depressive symptoms was 19.4%
(—0.020/—0.103) of that direct effect.

Discussion

We hypothesised that both depressive and anxiety symp-
toms would mediate the relationship between loneliness
and cognitive functioning outcomes. We found that
depressive symptoms partly mediated the relationship
between loneliness and cognitive functioning outcomes,
but anxiety symptoms did not. Loneliness has previously
been identified as a risk factor for depressive symptom
onset (Cacioppo et al., 2010), and has been shown to be
associated with anxiety symptoms (Beutel et al., 2017;
Muyan et al., 2016) and both of these findings were
replicated in the current study. We also replicated previ-
ous findings that show an effect of depressive symptoms
on cognitive functioning (Cacioppo et al, 2010;
Heikkinen & Kauppinen, 2004; Luanaigh & Lawlor, 2008).
Previously, mechanisms through which loneliness may
impact cognitive function were outlined as avenues for
future research (Cacioppo & Hawkley, 2009). The current
findings support the existence of one such suggested
mechanism, namely, depressive symptoms. We found no
evidence that anxiety mediated the relationship between
loneliness and cognitive decline, and we note that others
(de Bruijn et al.,, 2014) have even reported a beneficial
impact of anxiety on performance of some cognitive
measures (Potvin et al., 2013).

The indirect effect of loneliness on cognitive functioning
via depressive symptoms was small relative to the direct
effect. This suggests that loneliness exerts the majority of
its effect on cognitive functioning either directly, or
through mechanisms not accounted for in the current ana-
lysis. Future research could also investigate multiple media-
tors in tandem to explore the proportion of the total effect
between loneliness and cognitive function that is
accounted for by other variables. These other variables
could include those suggested by Cacioppo and Hawkley
(2009) which include inflammation, HPA axis dysfunction,
cognitive load, and sedentary behaviour. Adolphs has sug-
gested that all cognition is social in nature (Adolphs, 2003)
and thus, if loneliness in part reflects an individual’s social
functioning, a correlation between the two variables should
be expected. Additionally, we must allow for the possibility
that loneliness itself may be an umbrella term for different
facets of social functioning such as romantic loneliness,
social loneliness, and emotional loneliness (Fokkema, de
Jong Gierveld, & Dykstra, 2012; Senderby & Wagoner,
2013), and that these subtypes of loneliness may impact
cognitive functioning via different mechanisms.

The current analysis utilised data from a large represen-
tative study of older people, which is a methodological
strength since sampling bias is minimised and results are
likely to generalisable to the older Irish population. In add-
ition, three waves of data were used in the analysis, which
is required to fully investigate a potential mediation effect
(Preacher, 2015). However, only two years passed between
each wave of data collection, meaning that the results are
limited in the extent to which they can be used to
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Table 2. Measurement Model for loneliness, cognitive function, depressive symptoms, and anxiety symptoms as latent variables in waves 1,

2, and 3 of TILDA.

Item Factor Loading p value R*  Reliability (omega)
Cognitive Function 0.70
Immediate Recall (Trial 1) 0.697 <.001 0.486
Immediate Recall (Trial 2) 0.753 <.001 0.567
Delayed Recall 0.746 <.001 0556
MMSE 0.636 <.001 0.404
Verbal Fluency 0.578 <.001 0334
Loneliness 0.83
Item 1 (“How often do you feel that you lack companionship?”) 0.694 <.001 0.482
Item 2 (“How often do you feel left out?”) 0.771 <.001 0.595
Item 3 (“How often do you feel isolated from others?”) 0.770 <.001 0.593
Item 5 (“How often do you feel lonely?”) 0.760 <.001 0.578
Depressive Symptoms 0.86
Item 1 (“I was bothered by things that usually don’t bother me”) 0.499 <.00T 0.249
Item 2 (“I did not feel like eating”) 0.403 <.001 0.162
Item 3 ("I felt that | could not shake off the blues”) 0.633 <.001 0.401
Item 5 (“I had trouble keeping my mind on what | was doing”) 0.507 <.001 0.257
Item 6 (“I felt depressed”) 0.721 <.001 0.519
Item 7 (“I felt that everything | did was an effort”) 0.644 <.001 0415
Item 8 (“I felt hopeful about the future”) 0.432 <.001 0.186
Item 9 (“I thought my life had been a failure”) 0.428 <.001 0.183
Item 10 (“I felt fearful”) 0.566 <.001 0.321
Item 11 (“My sleep was restless”) 0.433 <.001 0.188
[tem 12 (“I was happy”) 0.547 <.00T 0.300
Item 13 (“I talked less than usual”) 0.468 <.001 0.219
Item 16 (“I enjoyed life”) 0.542 <.001 0.294
Item 17 (“I had crying spells”) 0.488 <.001 0.238
Item 18 (“I felt sad”) 0.662 <.001 0.439
Item 20 (“I could not get going”) 0.619 <.001T 0383
Anxiety Symptoms 0.78
Item 1 (“I feel tense or wound up”) 0.665 <.001 0.442
Item 2 (“l get a sort of frightened feeling as if something awful is about to happen”) 0.630 <.001 0.397
Item 3 (“Worrying thoughts go through my mind”) 0.657 <.001 0432
Item 4 ("l can sit at ease and feel relaxed”) 0.539 <.001 0.290
Item 5 ("l get a sort of frightened feeling like butterflies in the stomach”) 0.484 <.001 0.234
Item 6 ("I feel restless as if | have to be on the move”) 0.529 <.001 0.280
Item 7 (“I get sudden feelings of panic”) 0.640 <.001T 0410

Depressive

B=0.426%** Symptoms B =-0.047%*
Indirect effect f = -0.02**
. Direct effect f = -0.103*** Cognitive
Loneliness .
Functioning
B=0.410%+ Anx1ety B=0.001 (ns.)
Symptoms Total effect f = -0.123***
Indirect effect p =
-0.000(n.s.)

Figure 2. Mediation model showing the relationship between Loneliness and Cognitive Functioning as mediated by both depressive and anxiety symptoms
scores. Anxiety symptoms were not a mediator (*** = p<.001; ** = p<.01; * = p<.05; n.s. = p>.05).

generalise about longer term associations between loneli-
ness and cognitive functioning. It is possible that the
impacts of loneliness and depressive and anxiety symptoms
on cognitive functioning may take longer to manifest. To
further examine this question, more waves of longitudinal
data are required.

We used a structural equation modelling approach
which has several advantages over a regression-based
mediation approach, including the ability to simultaneously
model pathways and reduce type 1 error due to multiple
comparisons; the flexibility to specify variables as both pre-
dictors and outcomes; and the option to specify variables
as latent factors to reduce measurement error. We advo-
cate the use of this approach, since the majority of current
psychological mediation analysis is conducted using a
regression-based method (Preacher, 2015).

Methodological weaknesses are also inherent in the cur-
rent analysis. In relation to measurement, we used perform-
ance on an animal naming task as an indicator of
executive functioning, though we acknowledge that this is
not the ideal measure (Shao et al., 2014). Future research
investigating the impact of loneliness on executive func-
tioning could measure this domain more comprehensively.
This is particularly pertinent since executive functioning is
affected in  individuals with late-life  depression
(Alexopoulos, 2003). Thus, future studies with more
detailed evaluations of executive functioning should re-
evaluate the potential contributions of loneliness and
depression. Additionally, a more detailed and appropriate
measurement of executive function may yield a different
pattern of results in relation to anxiety as a mediator, since
anxiety has been found to be associated with diminished
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Table 3. SEM Mediation Results for Cognitive Functioning at wave 3 as an outcome, Loneliness at Wave 1
as the independent variable, and with a) Depressive Symptoms, and b) Anxiety Symptoms, both at wave 2,

as mediators.

Regression Path Standardised beta coefficients Standard error z p value
Pathways from Loneliness

Loneliness -> Cognitive Functioning —0.103 0.025 —5.512  <.001
Loneliness -> Depressive Symptoms 0.426 0.020 24.071 <.001
Loneliness -> Anxiety Symptoms 0410 0.020 22.096 <.001
Pathways to Cognitive Functioning

Depressive Symptoms —0.047 0.020 —2.845 .004
Anxiety Symptoms —0.001 0.021 —0.053 958
Age —0.473 0.002 —28.753  <.001
CVD Conditions —0.022 0.039 —1.573 116
Sex —-0.127 0.037 —9.181 <.001
Education 0.331 0.027 21.872 <.001
Mediating Pathways

Indirect Effect via Depressive Symptoms —0.020 0.009 —2.839 .005
Indirect Effect via Anxiety Symptoms —0.000 0.009 —0.053 958
Total Effect —-0.123 0.020 —8.257 <.001

executive function in later life (Beaudreau & O’Hara, 2009;
Yochim, Mueller & Segal, 2013). Next, the RMSEA and CFI
yielded inconsistent model-fit evaluations but we note that
RMSEA is better suited to confirmatory and large sample
situations like ours (Rigdon, 1996) and that CFl may be low
when some covariates (e.g. age, education, physical health
etc.) are less correlated with the other observed variables
and among themselves (Lai & Green, 2016). Finally, the
analysis was based on the surveyed rather than sampling-
weighted cohort, causing some uncertainty surrounding
the effect estimates compared to the population-represen-
tative estimates.

Our sample had a very broad age range spanning more
than 50years, which may mean that results lack the granu-
larity to provide meaningful comment on the nature of
loneliness and its consequences in different age groups.
Future research could explore the moderating role of age
on the association between loneliness and cognitive func-
tioning — our current analysis controlled for age but did
not consider it as a moderating factor.

We evaluated mediation between loneliness and cogni-
tive outcomes, but we do not rule out the possibility that
mediation is also germane to the relationships between
cognitive function and other social factors. It is possible
that depressive symptoms also mediate the putative rela-
tionships between these other social factors and cognitive
functioning, since an overall significant effect between pre-
dictors is not necessary for mediation to occur (MacKinnon
& Fairchild, 2009). Other possible hypotheses and explana-
tions have not been formally tested here but should be
considered in future research. For example, some executive
and cognitive functions and behaviours, may be directly
changed by socioeconomic conditions, through stress
mechanisms, which are also likely to affect mood and men-
tal wellbeing (Bickel, Moody, Quisenberry, Ramey, &
Sheffer, 2014).

We must also be aware of the possibility that individuals
with reduced cognitive function may be less likely to
engage socially as a result, notably those who may be in a
prodromal state of dementia (Saczynski et al, 2006). This
possibility would potentially be reflected in data that
showed that cognitive functioning predicted loneliness,
rather than vice versa, and that mechanisms involving
depression and anxiety would play a possible role in this
relationship. We conducted additional analysis to explore
this possibility and found that while cognitive functioning

at wave 1 did predict loneliness at wave 3, cognitive func-
tioning predicted neither depression nor anxiety at wave 2,
and there was no evidence of any mediation. Taken with
the main findings presented above, we can conclude that
there likely exist reciprocal effects between loneliness and
cognitive functioning (as has been found previously with
memory specifically (Ayalon, Shiovitz-Ezra, & Roziner, 2016))
but that depression and anxiety do not operate as media-
tors in both directions of the relationship.

Results have implications for the wellbeing and health
of older adults. We can conclude that efforts to reduce
loneliness may to some extent foster better cognitive func-
tion at follow-up, although randomised controlled trials are
needed to demonstrate this conclusively. This finding may
be particularly important for older adults who for health
reasons cannot engage in physical activity but wish to
have their lifestyle contribute positively towards their cog-
nitive health. This would be particularly advised for older
adults who have experienced symptoms of depression,
since according to our model, part of the effect exerted by
loneliness on cognitive function is via depressive symp-
toms. Policy should reflect these findings for there is a
growing body of evidence that social factors constitute a
health “behaviour” that protects against important clinical
outcomes in later life. As such, reducing loneliness and
engaging in social activities may in itself represent a health
intervention for older adults.
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