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ABSTRACT

Objectives: Explorations of relationships between loneliness and depression have focused on lone-
liness as a uni-dimensional construct. We hypothesised that reciprocal relationships may exist
between depressive symptomatology and social and emotional subtypes of loneliness.

Methods: Using data from 373 adults aged over 50, who participated in an observational cohort
study, we employed a cross-lagged approach within a Structural Equation Modelling framework, to
investigate reciprocal links between depressive symptomatology, and social and emotional loneli-
ness, across two waves of data collection, two years apart (controlling for age, sex, education,
comorbidities, social network index, and perceived stress).

Results: Both depressive symptomatology and loneliness decreased slightly between waves. Auto-
regressive effects were strong for all three variables of interest. Cross-lagged pathways were evi-
dent, such that depressive symptomatology at baseline predicted both emotional (=0.26,
p <0.05) and social (B=0.17, p<0.05) loneliness at follow-up. Neither emotional (f=0.07,
p > 0.05) nor social (3 =0.05, p > 0.05) loneliness at baseline predicted depressive symptomatology
at follow-up.

Conclusions: Results challenge existing understanding of the associations between loneliness and
depression. Further investigation of emotional and social loneliness in individuals with depressive
disorders is warranted. Findings are discussed in relation to mechanisms that may explain the rela-
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tionships observed, and possible implications.

Despite their strong relationship, loneliness and depression
are distinct phenomena (Adams, Sanders, & Auth, 2004),
with loneliness typically defined in relation to discrepancies
between actual and desired social contact (Perlman &
Peplau, 1982) and depression referring to a more global
mood disorder (American Psychiatric Association, 2013).
Loneliness is thought to affect a minority of older adults
(Victor & Bowling, 2012), while depression is one of the
commonest mental health issues faced by older adults,
with 28% of older Irish adults reporting levels indicative of
clinically significant or sub-threshold depression (Barrett
et al, 2011). The association between loneliness and
depression appears to remain stable across the lifespan
(Nolen-Hoeksema & Ahrens, 2002). A commonly used psy-
chometric scale of depression, the Centre for
Epidemiological Studies Depression scale (CESD; (Radloff,
1977)) includes an item regarding loneliness, such is the
extent of the relationship and possible overlap between
these constructs. That said, only half of lonely individuals
expressed depression symptoms in an older U.S. population
(Donovan et al., 2017), signalling the relative independence
of these two constructs.

Over time, high levels of loneliness predict depression
(Cacioppo, Hawkley, & Thisted, 2010; Dahlberg & McKee,
2014; Heikkinen & Kauppinen, 2004; O’Luanaigh & Lawlor,
2008). There are many factors that may explain this associ-
ation, such as poor sense of control (van Belijouw et al.,

2014), disordered coping styles (Vanhalst, Luyckx, Teppers,
& Goossens, 2012), and decreased social support (Liu, Gou,
& Zuo, 2016). Cacioppo has suggested that it is possible
that loneliness predicts depression because of its associ-
ation with numerous predictors of depression, including
demographic factors, psychosocial factors, and perceived
stress (Cacioppo, Hughes, Waite, Hawkley, & Thisted, 2006)
although his empirical findings (ibid.) suggest that loneli-
ness predicts depression net of these factors.

Theoretically, there are also clear reasons to expect lone-
liness to lead to depression: Cacioppo’s evolutionary theory
of loneliness suggested that it functioned to create nega-
tive affect (which could result in depressed mood) in order
to encourage the individual to maintain or repair social ties
in the interests of survival (Cacioppo, Cacioppo, &
Boomsma, 2014). Later-life bereavement may also cause
loneliness and subsequently depression (Fried et al., 2015),
and alternatively loneliness may constitute a form of social
stress that results in dysfunctional changes to the inflam-
matory (Steptoe, Owen, Kunz-Ebrecht, & Brydon, 2004) and
hypothalamus-pituitary-adrenal axis (Cacioppo et al., 2000).
Horowitz' prototype model of loneliness suggests that
because the prototype of loneliness sits within the broader
prototype of depression, it is far more common for a lonely
individual to report depression than for a depressed indi-
vidual to report loneliness (Horowitz, de French, &
Anderson, 1982).
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Interestingly, depression also predicts loneliness
(Dahlberg, Andersson, McKee, & Lennartsson, 2015;
Lasgaard, Goossens, & Elklit, 2011; Mullins & Dugan, 1990;
Tiikkainen & Heikkinen, 2005). Possible mechanisms under-
lying this relationship include an inability to maintain social
networks, social disengagement (Allen & Badcock, 2003;
Tiikkainen & Heikkinen, 2005) and functional impairment
(Mehta, Yaffe, & Covinsky, 2002; Pinquart & Sorensen,
2001). Relationship disruptions such as break-ups may also
cause both loneliness and depression, leading them to dis-
play a confounded relationship (Weeks, Michela, Peplau, &
Bragg, 1980).In the same manner, vascular dysfunction is
thought to be caused by both loneliness (Hawkley, Thisted,
Masi, & Cacioppo, 2010) and depression (Thomas, Kalaria, &
O'Brien, 2004) and at the same time, both loneliness and
depression (Thomas, Kalaria, & O’Brien, 2004) are thought
to cause vascular dysfunction in older adults. By the same
token, comorbidities and functional limitations are known
to be associated with both depression (Ho et al., 2014;
Hybels, Pieper, & Blazer, 2009) and loneliness (Shankar,
McMunn, Demakakos, Hamer, & Steptoe, 2017; Smith &
Victor, 2018).

As would be expected based on the above studies,
other studies exploring bidirectional links between depres-
sion and loneliness have indicated that reciprocal relation-
ships exist (Cacioppo et al., 2006; Vanhalst et al., 2012).

It is worth considering whether these patterns are
shown when loneliness is considered as a bi-dimensional
construct — as social and emotional loneliness subtypes
(R. S. Weiss, 1973). Social loneliness reflects the felt absence
of social networks while emotional loneliness is defined as
the felt absence of an intimate partner. Empirical evidence
exists for these two separate subtypes of loneliness rather
than a single dimension (Van Baarsen, Snijders, Smit, & Van
Duijn, 2001), which only correlate moderately with each
other (Green, Richardson, Lago, & Schatten-Jones, 2001)
sharing only 19% variance, further indicating that loneliness
is not uni-dimensional (Dahlberg & McKee, 2014).

Weiss hypothesised that of the two subtypes, social
loneliness would be more likely to lead to depression (R.
Weiss, 1974), an hypothesis which was later corroborated
by empirical findings (DiTommaso & Spinner, 1997; George,
1989). Other data suggest that emotional loneliness alone
is associated with depression (Peerenboom, Collard,
Naarding, & Comijs, 2015; Schnittger, Wherton,
Prendergast, & Lawlor, 2012), but yet other researchers
found both subtypes to be related to depression (Drageset,
Espehaug, & Kirkevold, 2012).

More longitudinal research is needed if we are to under-
stand the independent relationships between subtypes of
loneliness and depression. As such, an investigation of
associations between depression and emotional and social
loneliness over time (which, to our knowledge, has not yet
been conducted) is warranted. It is likely that both social
and emotional loneliness will be associated with depres-
sion. What is less clear is the extent to which the subtypes
of loneliness predict depression, or whether the existence
of cross-lagged paths, between depression and subtypes of
loneliness, is more plausible. Credible mechanisms are
apparent for both. It is possible that emotional loneliness
predicts depression because of its association with higher
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levels of neuroticism and lower levels of self-mastery
(Peerenboom et al., 2015).

Alternatively, it is possible that emotional loneliness may
be caused by depression, in that depression may affect
attachment, intimacy, and family contact, all of which are
predictors of emotional loneliness (DiTommaso & Spinner,
1997; Drennan et al.,, 2008; Essex, Klein, Lohr, & Benjamin,
1985; Pettem, West, Mahoney, & Keller, 1993). Decreasing
social support (which could be related to either social or
emotional loneliness) has previously been suggested to
mediate an association between loneliness and depression
(Liu et al, 2016). Alternatively, depression may precede
social withdrawal (Allen & Badcock, 2003; Tiikkainen &
Heikkinen, 2005), which could cause social loneliness.

We hypothesised that there would be reciprocal effects
between a) depressive symptoms, and b) both subtypes of
loneliness (emotional and social), among a cohort eval-
uated across a two-year, two-wave period.

Methods
Design

An observational, longitudinal study design was employed.
The aim of the broader study (entitled the Memory
Research Unit) was to evaluate biopsychosocial factors
related to cognitive decline in later life (Hannigan, Coen,
Lawlor, Robertson, & Brennan, 2015). The current analysis
focused on data pertaining to loneliness and depressive
symptomatology specifically as a secondary data analysis.
Follow-up information was gathered from participants 2
years later. The study was approved by the university
research ethics committee.

Participants

Of the 946 community-dwelling adults aged over 50 eval-
uated at baseline (2012), all participants gave written
informed consent to participate in the study. Participants
were eligible to participate if they were over 50, resident in
the Republic of Ireland, sufficiently fluent in English, in
good health, and able to attend the assessment centre.
Participants were not eligible to participate if they reported
any of the following: history of stroke, epilepsy, major psy-
chiatric disorder (evaluated with the question “In the last 5
years have you been hospitalised for a psychiatric con-
dition?” not including anxiety or depression), drug or alco-
hol abuse within the past 5 years, current use of
antipsychotic or antiepileptic medication, self-report of sig-
nificant memory problems or dementia, or problems with
vision or hearing that would prevent neuropsychological
evaluation. In total, 82 individuals were excluded from the
study because they met one or more of the above listed
exclusion criteria.

Participants were recruited via convenience sampling,
using a number of strategies including advertisements,
articles in the local and national media, and community
information sessions provided by the study team.

Because of resource issues, the goal was to target 50%
of the original cohort to return for follow-up. The 490 who
were contacted for follow-up as a result were selected in
chronological order related to the time at which their
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baseline examination was conducted, to maintain a 2-year
gap between the two testing periods. No differences were
found between those who were contacted for follow-up
and those who were not in terms of their age (t = —0.06,
df = 820, p > 0.05), gender ()(2 = 0.07, df = 1, p > 0.05),
educational attainment (t = —1.95, df = 904, p > 0.05),
loneliness (t = 0.66, df = 763, p > 0.05), depressive symp-
tomatology (t = 0.54, df = 752, p > 0.05), and cognitive
functioning (t = —1.05, df = 550, p > 0.05). Of these 490
contacted, 373 returned for follow-up, meaning that the
retention rate was 76.12% (and these 373 individuals did
not in turn differ in the above variables to the 490 con-
tacted). The remaining 23.88% (n = 117) comprised 63
refusals, 53 lost to follow-up, and one death.

Measures

To evaluate loneliness, continuous scores on the De Jong
Gierveld scale of loneliness was used (de Jong Gierveld &
van Tilburg, 2006). This six-item scale was developed to
evaluate social and emotional loneliness among older
adults. The three items evaluating social loneliness include:
“There are plenty of people | can rely on when | have prob-
lems” and “There are enough people | feel close to”. The
three items evaluating emotional loneliness include: “I
experience a general feeling of emptiness” and “l miss hav-
ing people around”. Respondents must indicate a response
of yes or no to all six items. Scores range from 0-6, with
higher scores indicating greater loneliness.

Reliability (Cronbach’s alpha) has consistently been
shown to be above 0.8 in both subscales (Gierveld & Van
Tilburg, 2010). Depressive symptoms were measured using
continuous scores on the 20-item Centre for
Epidemiological Studies Depression scale (Radloff, 1977)
calculated to exclude the item on loneliness. This scale can
be used to evaluate unidimensional depression (Edwards,
Cheavens, Heiy, & Cukrowicz, 2010). Scores range from
0-60, with higher scores indicating greater depres-
sive symptoms.

Reliability for the emotional loneliness subscale was low
(emotional loneliness: alpha = 0.54 in wave 1, alpha = 0.56
wave 2) but just below criterion for social loneliness (alpha
= 0.79 in wave 1, 0.75 wave 2). These values are similar to
those previously reported (Dahlberg & McKee, 2014), and
because these scales are short, these authors advise focus-
ing on the outcome of the measurement model (i.e. the
factor loadings of each item within these two subscales,
see Table 2) rather than on measures of reliability such as
the Cronbach’s alpha. Thus, loneliness was described in the
model as a latent factor. Reliability of the CESD (excluding
the item on loneliness) was better at alpha = 0.83 at wave
1, and 0.82 at wave 2.

While covariates are frequently omitted from cross-
lagged panel model analysis, they are important to use if it
is thought that they will confound the association between
the variables of interest (Newsom, 2016). Age, sex, scores
on the Berkman-Syme Social Network Index (Berkman &
Syme, 1979) [inclusive of marital status, which was included
in Cacioppo’s analysis, having at least two individuals the
participant feels close to, attending religious meetings at
least once per month, and membership of a social group,
yielding final scores ranging from 0-4, with higher scores

indicating greater social connectedness], level of education
(such that participants were categorised as receiving less
than a high school equivalent, high school equivalent, or
third level/tertiary/postsecondary education and higher:
that is, a qualification received within a university, college,
or trade school), physical functioning, and perceived stress
(using the 4-item Perceived Stress Scale; (Cohen, Kamarck,
& Mermelstein, 1983) were added as covariates. The meas-
ure of physical functioning was approximated in the cur-
rent study using a health screen questionnaire
(Christensen, Moye, Armson, & Kern, 1992) which asked
participants to self report if they had a history of the fol-
lowing: cancer other than skin cancer, diabetes, heart
attack, lupus, liver disease, use of home oxygen, and hyper-
tension that is not well controlled. A comorbidity count
was created from these items.

Data analysis

To evaluate potential reciprocal effects between loneliness
subscales and depressive symptomatology across two
waves, we used the cross-lagged panel modelling approach
within a structural equation modelling (SEM) framework.
Typically, exploring cross-lagged effects requires a compari-
son between an initial model containing auto-regressive
effects only, and a follow-up model including cross-lagged
effects of interest (Hyland et al., 2015). These models were
run using the maximum likelihood estimator (with robust
standard error estimation and a full information maximum
likelihood approach to missing data) in the lavaan package
in R software (Rosseel, 2012). Covariates were included in
all models as exogenous variables predicting the variables
of interest in wave 1, which also accounts for residual cor-
relation between these variables at wave 1. Model 2 adds
cross-lagged paths (i.e. the pathway between subtypes of
loneliness at wave 1 and depressive symptomatology at
wave 2, and the pathway between depressive symptom-
atology at wave 1 and subtypes of loneliness at wave 2),
and model fit across models 1 and 2 is compared. If model
fit is superior in the second model, this can be attributed
to the inclusion of the cross-lagged paths.

Within waves, residual correlations are constrained to be
equal. In order to compare model fit, three criteria are
used: the Akaike Information Criterion (AIC), and the sam-
ple size adjusted Bayesian Information Criterion (ssaBIC).
Both criteria are relative measures of model fit, designed to
compare models. Both indicate a better fit when scores are
lower, while at the same time favouring parsimony. The
ssaBIC adjusts for sample size, and all three adjust for the
number of estimated parameters in the model. The ssaBIC
is thought to be particularly informative when choosing
between models (Enders & Tofighi, 2008).

Model fit of each individual model was evaluated in an
absolute manner (as opposed to the relative evaluation
afforded by the above three criteria) using a number of
standard SEM indices including the Confirmatory Fit Index
(CFI) which compares the chi square statistic of the speci-
fied model to that of a null model in a ratio (which, to indi-
cate goodness of fit, should be over 0.9). The Tucker Lewis
Index (TLI) is similar to the CFl but is independent of sam-
ple size and penalises model complexity. It should also be
over 0.9. The root mean square error of approximation
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Table 1. Sample characteristics for n=373 participants who were evaluated at waves 1 and 2 of the Memory Research Unit study (SD = Standard
Deviation; comorbidity using the Health Screen Questionnaire (Christensen et al., 1992)).

Variable Mean (SD) or Frequencies (%)
Age 64.33 (6.9)
Sex 63% female; 37% male

Marital status
Overall comorbidity count

Years of education
Berkman syme social network index
Emotional loneliness

Social loneliness
Depressive symptoms (without loneliness item)

27% not married/cohabiting 73% married/cohabiting
332 (89.5%) no comorbidities; 37 (10%) 1 comorbidity; 2 (0.5%) 2

comorbidities

14.84 (SD = 3.5) 4% less than second level education 48.6% second level

education 47.4% third level education or higher

3.08 (SD = 0.79) 3% very isolated 19% moderately isolated 46% moderately

integrated 32% very integrated

Wave 1: 0.54 (SD = 0.81); Wave 2: 0.46 (SD = 0.77)
Wave 1: 0.36 (SD = 0.81); Wave 2: 0.34 (SD = 0.78)
Wave 1: 6.09 (SD = 5.99); Wave 2: 5.53 (SD = 5.5)

Table 2. Model 2: Auto-regressive and cross-lagged paths (with exogenous covariates age, sex, and perceived stress) for Waves 1 and 2 Emotional
Loneliness and Depression, with measurement model components for the latent factors of a) Emotional Loneliness at Wave 1, and b) Emotional Loneliness

at Wave 2. Robust standard errors were reported throughout.

Beta/factor loading Standard error z p
Measurement model: Emotional loneliness At Wave 1
Item 1 0.83 0.03 9.20 <0.001
Item 2 0.31 0.03 4.53 <0.001
Item 3 0.71 0.03 6.96 <0.001
Emotional loneliness at Wave 2
Item 1 0.67 0.03 444 <0.001
Item 2 0.49 0.03 4.82 <0.001
Iltem 3 0.63 0.03 4.63 <0.001
Autoregressive and cross-lagged paths
Emotional loneliness (Wave 2) as outcome
Emotional loneliness at Time 1 0.52 0.24 2.66 <0.01
Depressive symptomatology at Time 1 0.26 0.03 1.99 <0.05
Depressive symptomatology (Wave 2) as outcome
Depressive symptoms at Time 1 0.54 0.10 5.02 <0.001
Emotional loneliness at Time 1 0.07 0.49 0.74 >0.05
Regression paths from covariates: With emotional loneliness (wave 1) as the outcome
Age —0.02 0.01 —0.30 >0.05
Education —0.16 0.12 —2.64 <0.01
Sex 0.04 0.14 0.57 >0.05
Social network index 0.01 0.09 0.13 >0.05
Comorbidities 0.13 0.26 1.74 >0.05
Perceived Stress 0.43 0.04 5.07 <0.001
Regression paths from covariates: With depressive symptomatology (wave 1) as the outcome
Age 0.02 0.04 043 >0.05
Education —0.07 047 —1.61 >0.05
Sex —0.06 0.51 —1.51 >0.05
Social network index —0.003 0.35 —0.07 >0.05
Comorbidities 0.12 0.98 2.39 <0.05
Perceived Stress 0.62 0.15 10.14 <0.001

(RMSEA) describes the differences between corresponding
elements of the observed and predicted covariance matri-
ces and should be less than 0.05. The standardised root
mean square residual (SRMR) is also reported, which trans-
forms both predicted and observed covariance matrices
into correlation matrices and then describes the average
magnitude of discrepancies between observed and
expected correlations as an absolute measure of model fit
[values should be less than 0.08; (Hu & Bentler, 1999)].

Results

Sample characteristics are below in Table 1. Generally, the
sample was healthy and socially integrated, with a rela-
tively high level of education. The average score on the
CESD scale was 6.09 at wave 1, and 5.53 at wave 2, both
well below the cut-off for clinical depression at 15 (Radloff,
1977), although it should be taken into account that the
CESD as it was currently used only had 19 items since the
item about loneliness was removed. The average CESD

score found in a random sample of adults aged over 65 in
the USA was 8 (Cole, Kawachi, Maller, & Berkman, 2000),
meaning that the current sample were marginally less
depressed than an older USA sample of adults (taking into
account the removal of the loneliness item). Scores of emo-
tional loneliness yielded an average of 0.54 (wave 1) and
0.46 (wave 2), lower than those from across seven UN
countries (0.63 — 1.48), while scores of social loneliness
yielded an average of 0.36 (wave 1) and 0.34 (wave 2), also
lower than those yielded in the same seven countries (0.95
- 2.27) (Gierveld & Van Tilburg, 2010).

The cross-lagged path model approach was taken to
evaluate reciprocal relationships first between emotional
loneliness and depressive symptomatology, and second,
between social loneliness and depressive symptomatol-
ogy. Initially, a model with all three variables was
included, but multi-collinearity between each subtype of
loneliness and overall loneliness was problematic (see
Supplementary Materials Table 1 for a correlation matrix
of all key variables), so this alternative approach was
taken instead.
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Item 1

Item 3 Item 1 Item 3

Emotional
Loneliness (w1)

Emotional
Loneliness (w2)

66

(wl)

Depressive Symptomatology

Depressive Symptomatology
(w2)

Figure 1. Pathways between baseline and follow-up measures of emotional loneliness, and depressive symptomatology (all presented statistics except within-
wave covariances are standardised coefficients, whereby * =p < 0.05; ** =p < 0.01; *** =p < 0.001. If no asterisks are attached to the coefficient, it did not

reach statistical significance).

Emotional loneliness and depressive symptomatology

Model 1: autoregressive paths only

Covariates were included as exogenous variables predicting
baseline emotional loneliness, and depressive symptomatol-
ogy. The model converged normally after 112 iterations.
Model fit was good [y%s; = 85.35, p < 0.01; 3,6 = 558.52, p
< 0.001; CFl = 0.94; TLI = 0.91; RMSEA = 0.044 (Clgs = 0.028,
0.060), SRMR = 0.046; AIC = 9410; ssaBIC = 9429]. The meas-
urement model indicated acceptable loadings. Emotional
loneliness (B = 0.73, p < 0.001) and depressive symptom-
atology (B = 0.56, p < 0.001) were both relatively stable
across waves.

Model 2: cross-lagged paths added

The model converged normally after 125 iterations. Model
fit was good [x%s, = 78.78, p < 0.05; y%6 = 558.52, p <
0.001; CFl = 094; TLI = 0.92; RMSEA = 0.042 (Clys =
0.024,0.058), SRMR = 0.041; AIC = 9404; ssaBIC = 9425]. The
measurement model indicated acceptable loadings (see
Table 2).

Comparing the criteria values across models 1 and 2, fit
was superior in model 2. In relation to the cross-lagged
panels, depressive symptomatology predicted emotional
loneliness (B = 0.26, p < 0.05). Emotional loneliness did not
predict depressive symptomatology over time (f = 0.07, p
> 0.05). Thus, there was evidence of unidirectional paths
from depressive symptomatology to emotional loneliness,
although each variable was itself highly stable across waves
(see Figure 1).

Social loneliness and depressive symptomatology

Model 1: autoregressive paths only

The model converged normally after 118 iterations. Model
fit was good [y’ss = 81.28, p < 0.05; 3’56 = 617.05, p <
0.001; CFlI = 095; TLI = 0.93; RMSEA = 0.041 (Clys =
0.024,0.056), SRMR = 0.044; AIC = 9227; ssaBIC = 9247].
Social loneliness (B = 0.53, p < 0.001) and depressive

symptomatology (B = 0.59, p < 0.001) were both relatively
stable across waves.

Model 2: cross-lagged paths added

The model converged normally after 127 iterations. Model fit
was good [x%s, = 74.79, p < 0.05; %76 = 617.05, p < 0.001;
CFl = 0.96; TLI = 0.94; RMSEA = 0.038 (Clgs = 0.019,0.054),
SRMR = 0.037; AIC = 9222; ssaBIC = 9244; see Table 3].

Comparing the criteria values across models 1, fit was
superior in model 2, again indicating the existence of
cross-lagged pathways.

Depressive symptomatology predicted social loneliness
(B =0.17, p < 0.05). but not vice versa ( = 0.05, p > 0.05;
see Figure 2). Thus, there was evidence of a path between
depressive symptomatology and social loneliness, and each
variable was itself highly stable across waves.

Discussion

The current investigation found evidence for unidirectional
effects of depressive symptomatology and subtypes of
loneliness, such that both subtypes were predicted by, but
did not predict, depressive symptoms. Strong auto-regres-
sive pathways were also found for both subtypes of loneli-
ness and for depressive symptomatology. The association
between depressive symptomatology at baseline and emo-
tional loneliness at follow-up was about half the magnitude
of the association between emotional loneliness with itself
across waves. The association between depressive symp-
tomatology and social loneliness at follow-up was less than
half the size of the autoregressive association within social
loneliness. Loneliness has previously been reported to
remain quite stable over time in ageing cohort studies,
which may suggest that it is at least somewhat trait-like in
nature (Shiovitz-Ezra & Ayalon, 2010).

Results also add to the evidence that loneliness is a
multi-dimensional construct (Dahlberg & McKee, 2014). The
finding of a stronger pathway between depressive symp-
tomatology and emotional loneliness, alongside the results
of the measurement models for both subtypes of loneliness
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Table 3. Model 1: Auto-regressive and cross-lagged paths (with exogenous covariates age, sex, and perceived stress) for waves 1 and 2 Social Loneliness
and Depression, with measurement model components for the latent factors of a) Social Loneliness at Wave 1, and b) Social Loneliness at Wave 2. Robust

standard errors were reported throughout.

Beta/Factor loading Standard error z p
Measurement model: Social loneliness At Wave 1
Item 1 0.84 0.03 9.67 <0.001
Item 2 0.72 0.02 10.78 <0.001
[tem 3 0.68 0.03 6.24 <0.001
Social loneliness at Wave 2
Item 1 0.76 0.03 6.86 <0.001
Item 2 0.77 0.03 8.06 <0.001
[tem 3 0.61 0.03 5.04 <0.001
Autoregressive and cross-lagged paths
Social loneliness (Wave 2) as outcome
Social loneliness at Time 1 0.49 0.14 3.74 <0.001
Depression at Time 1 0.17 0.01 2.35 <0.05
Depressive symptomatology (Wave 2) as outcome
Depressive symptoms at Time 1 0.58 0.09 6.22 <0.001
Social loneliness at Time 1 0.05 0.25 1.002 >0.05
Regression paths from covariates: With Social loneliness (wave 1) as the outcome
Age —0.03 0.01 —0.52 >0.05
Education 0.09 0.1 1.69 >0.05
Sex 0.17 0.15 2.53 <0.05
Social network index 0.01 0.08 0.17 >0.05
Comorbidities 0.09 0.25 1.19 >0.05
Perceived Stress 0.31 0.03 4.04 <0.001

Regression paths from covariates: With depressive symptomatology (wave 1) as the outcome

Age 0.02 0.04 0.48 >0.05
Education —0.07 0.45 —1.60 >0.05
Sex —0.07 0.49 —1.69 >0.05
Social network index —0.003 0.34 —0.08 >0.05
Comorbidities 0.12 0.97 242 <0.05
Perceived Stress 0.62 0.14 10.3 <0.001
Wave 1 Wave 2
Item 1 Item 2 Item 3 Item 1 Item 2 Item 3
Social Loneliness Social Loneliness
(wl) (w2)
.36

(w1)

Depressive Symptomatology

Depressive Symptomatology
(w2)

Figure 2. Pathways between baseline and follow-up measures of social loneliness, and depressive symptomatology (all presented statistics except within-
wave covariances are standardised coefficients, whereby * =p < 0.05; ** =p < 0.01; *** =p < 0.001. If no asterisks are attached to the coefficient, it did not

reach statistical significance).

(with satisfactory factor loadings), corroborates earlier find-
ings that emotional and social loneliness are separable con-
structs, with different patterns of predictors (Dahlberg &
McKee, 2014).

Results run counter to suggestions by Weiss that social
loneliness rather than emotional loneliness would lead to
depression (R. Weiss, 1974) since, in fact, loneliness of nei-
ther subtype was found to precede depressive symptom-
atology. When compared to studies using uni-dimensional
definitions of loneliness, our results indicate the same pat-
tern as some (Dahlberg et al., 2015; Drageset et al.,, 2012;
Lasgaard et al, 2011; Mullins & Dugan, 1990; Tiikkainen &
Heikkinen, 2005) and an opposite pattern to others
(Cacioppo et al., 2010; Dahlberg & McKee, 2014; Heikkinen
& Kauppinen, 2004; O’Luanaigh & Lawlor, 2008).

Of the mechanisms discussed above, the association
between depression and emotional loneliness could be
explained with recourse to the impact of depression on
attachment, intimacy, and family contact (DiTommaso &
Spinner, 1997; Drennan et al, 2008; Essex et al, 1985;
Pettem et al.,, 1993), all of which would theoretically sub-
serve emotional loneliness (R. S. Weiss, 1973). However, the
vast majority of the sample were cohabiting or married,
meaning that intimate relationships are unlikely to explain
the relationship observed between depressive symptoms
and emotional loneliness.

Similarly, associations between depression and social
loneliness could be explained as being due to the impact
of depression on social withdrawal and disengagement
(Allen & Badcock, 2003; Tiikkainen & Heikkinen, 2005), all of
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which in turn theoretically subserve social loneliness (R. S.
Weiss, 1973). While we did not explore mediators of these
associations, we did control for social connectedness, and
patterns between depressive symptoms and social loneli-
ness persisted, suggesting that if connectedness mediates
this relationship, it is a partial and not a full mediator.

There are a number of methodological weaknesses to
be considered before firm conclusions can be drawn from
the current study. The design of the study precludes defini-
tive comment on causality. As such, future research using
multiple waves of data might strengthen such claims,
although without well-designed trials, employing well-
defined interventions, all such claims may have to be provi-
sional. The participants were recruited as a convenience
sample and as such are not representative of the broader
Irish ageing population. The sample was healthy, generally
mobile and without significant psychological distress.
Levels of loneliness and depressive symptoms appeared to
be lower than those found in representative samples
studied elsewhere. Further investigations of the cross-
lagged effects across loneliness and depressive symptom-
atology should be conducted in more representative popu-
lations or in clinical groups with diagnoses of depressive
disorders to shed more light on the nature of these rela-
tionships. However, we note that in respect of mechanism
discovery, even the ‘ideal’ context of representativeness is
contested  (Rothman, Gallacher, & Hatch, 2013).
Additionally, we argue that since depressive symptoms and
loneliness are conceptualised here as continuous in the
population, rather than constituting diagnostic categories,
it is still important to consider their associations in
this population.

We used a cross-lagged panel modelling approach and
followed best practice (Hyland et al.,, 2015). The diagnostic
for determining whether dominating cross-lagged effects
exist in the model utilises the information criteria values
calculated within a SEM approach. In the current models,
these values favoured a model with dominating pathways.
We interpret these indices in tandem with the magnitude
and significance of the coefficients. As has previously been
cautioned, “The clearest answer to the causal directionality
question comes when one cross-lagged path is significant
but the other is not” (Newsom, 2016). We contend that
perhaps the clearest answer to this question ought also to
be dependent on the magnitude of the coefficients in the
pathways, using statistical significance testing as an add-
itional guideline.

The cross-lagged panel modelling approach involves
other methodological considerations. It involves the appli-
cation of equality constraints to within-wave paths, assum-
ing stationarity of relationships in the models. This means
that we assume that the relationship between loneliness
and depression in wave 1 did not differ to that in wave 2.
It is possible that these associations do indeed change
over time, which would necessitate a more sophisticated
modelling approach than that currently used. Furthermore,
Hamaker and colleagues have commented that the cross-
lagged panel model approach is problematic in circumstan-
ces where the stability of constructs is attributable to an
underlying trait (Hamaker, Kuiper, & Grasman, 2015). Since
some researchers have suggested that loneliness is a trait
(Shiovitz-Ezra & Ayalon, 2010) this may be problematic for

the methodological approach taken in the current analysis,
and worthy of future investigation. It was not possible to
explore the trait nature of loneliness in the current study,
which only had two waves of data (Hamaker suggests
using three).

Results indicate that individuals who are experiencing
depressive symptomatology may be at increased risk of
developing symptoms of both social and emotional loneli-
ness over time. Future research using a mediation
approach could also investigate whether the mechanisms
suggested above might explain how depression leads to
increased levels of loneliness, invoking social withdrawal
(Allen & Badcock, 2003), functional impairment (Pinquart &
Sorensen, 2001), and intimacy absences (DiTommaso &
Spinner, 1997; Drennan et al, 2008; Essex et al., 1985;
Pettem et al., 1993) as possible mediators.

To date, interventions aimed at alleviating loneliness
have met with limited success (Cattan, White, Bond, &
Learmouth, 2005; Masi, Chen, Hawkley, & Cacioppo, 2011).
One possible reason for this may be that studies are target-
ing “global” loneliness, rather than aiming to reduce levels
of emotional or social loneliness, depending on context.
We add to existing evidence that emotional and social
loneliness are separate constructs, with different patterns
of associations to those of uni-dimensional loneliness. This
finding should be further explored, particularly in relation
to intervention design for loneliness. Additionally, targeting
depressive symptoms and reducing these in an ageing
population may also decrease the risk of loneliness devel-
oping in the future.
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