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Abstract

Introduction: Previous research indicates that social isolation, loneliness, physical

dysfunction and depressive symptoms are interrelated factors, little is known about

the potential pathways among them. The aim of the study is to analyse simulta-

neously reciprocal relationships that could exist between the four factors to clarify

potential mediation effects.

Methods: Within a large representative sample of older people in the Longitudinal

Aging Study Amsterdam (LASA), participants aged 75 and over were followed up

over a period of 11 years (four waves). We tested cross‐lagged and autoregressive

longitudinal associations of social network size, loneliness, physical functioning and

depressive symptoms using structural equation modelling (SEM).

Results: Several statistically significant cross‐lagged associations were found:

decreasing physical functioning (Coef. = −0.03; p < 0.05), as well as social network

size (Coef. = −0.02; p < 0.05), predicted higher levels of loneliness, which predicted

an increase in depressive symptoms (Coef. = 0.17; p < 0.05) and further reduction of

social network (Coef. = −0.20; p < 0.05). Decreasing physical functioning also
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predicted an increase in depressive symptoms (Coef. = −0.08; p < 0.05). All

autoregressive associations were statistically significant.

Conclusion: Interventions focused on promoting social activities among older adults

after negative life events, such as loss of social contacts or declining physical

function, may alleviate feelings of loneliness and act as mental health protector.
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Key points

1. Decreasing physical functioning, as well as social network size, predicted higher levels of

loneliness among older adults.

2. Loneliness predicted an increase in depressive symptoms and further reduction of social

network.

3. Decreasing physical functioning also predicted an increase in depressive symptoms.

1 | INTRODUCTION

Loneliness has been defined as an unpleasant feeling which occurs

when available social relationships are perceived as deficient in a

quantitative or qualitative sense.1 Loneliness has been interpreted

both as a unidimensional2 and as a multidimensional concept. Among

the multidimensional conceptualizations, those proposed by Robert

Weiss3 distinguish between emotional loneliness, stemming from the

absence of a close emotional attachment, and social loneliness, stem-

ming from the absence of an engaging social network. Loneliness is

more prevalent in Eastern and Southern Europe than in Western and

Northern Europe.4 According to European Social survey data, the

prevalence of frequent loneliness is 5.2% in Northern Europe, 6.6% in

Western Europe, 8.9% in Southern Europe and 10.8% in Eastern

Europe.4 Socioeconomic and sociodemographic features frequently

related tohigher levels of loneliness are female sex, previouslymarried,

being unemployed or retired, and low socioeconomic status.5

It is well known that loneliness as well as social isolation are

related to mental and physical health,6 but the directions of the as-

sociations among physical functioning, depressive symptoms, social

isolation and loneliness are not clear. There are contrasting results

about the possible associations among these conditions and most

studies focused on the effects of some of them separately.6–20

However, the evolutionary theory of loneliness (ETL) proposed a

conceptual model allowing the inclusion of all these conditions.21

According to this, changes in the social network as well as in physical

functioning cause loneliness. Loneliness has short‐term and long‐
term effects. In the short‐term, the individual develops depressive

symptoms and tends to withdraw into their most intimate social

environment, which causes a reduction in the size of their social

network. In the medium or long‐term, the individual tends to reduce

the symptoms of depression and expand their social contacts.

In a previous study from the Longitudinal Aging Study Amsterdam

(LASA) with participants followed up over a period of 13 years (five

waves), a favorable course of depression was found to be associated

with increases in social network size and decreases in loneliness level

over time,22 which could be coherent with the consequences of lone-

liness at long‐termaccording to the proposedmodel. Researchers from

the LASA considered the size of the personal network important in the

study of psychosocial well‐being in older adults, particularly in the case
of late‐life depression. Extended networks show the potential to avoid

social isolation and generate more social support than smaller net-

works.23 Moreover, it is known that contact with network members is

often disturbed in older adults with a chronic course of late‐life
depression24,25. So, it may be expected that incidence of depression

could be related to a decrease in social network size at short‐term
whereas a remittance of depression could be related to a stabiliza-

tion or even increase in the network size at long‐term.

The present study does not aim to demonstrate nor refute the

evolutionary theory of loneliness (ETL), but to evaluate whether

changes in the variables of interest are consistent with that theory.

According to this, in order to analyze expected causes (i.e., de-

creases in social network size and physical functioning) and ex-

pected consequences (i.e., depressive symptoms and further

decreases in social network) of loneliness at short‐term, we analyzed

4 consecutive LASA waves through structural equation models

(SEM) including the restriction according to which changes of in-

terest variables are the same among waves, so we did not analyze

courses of conditions but associations at short‐term. We have the

following hypothesis:

First, we expect to find the association between a shrinking so-

cial network and increasing loneliness to be bidirectional.7 Second,

we also expect to find that loneliness mediates the association be-

tween social isolation and depression as well as those between

physical dysfunction and depression. Previous studies proposed that

the negative effect of social network on health among older adults is

moderated by the existence of loneliness8,9 and, contrastingly, other

researchers proposed an independent effect of the two
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conditions6,10. Moreover, whether loneliness causes depression11,12

or depression increases feelings of loneliness13,14, or both2,15, has not

been fully established. Although loneliness and depressive symptoms

are strongly interrelated factors', previous studies found loneliness

and depressive symptoms as being distinct conditions statistically

and functionally2,16,17. According to Weiss,3 loneliness is about how

people feel about their social connections in particular and depres-

sion is about how people feel generally.

Regarding the association between loneliness and physical

functioning there are inconsistent results showing that the condition

has been found to predict or to be predicted by loneliness18,19.

Finally, we have no expectation regarding the causal association

between changes in physical functioning and depressive symptom-

atology. Some researchers proposed that access to high‐quality social
relations can ameliorate the effects of disability on psychosocial well‐
being20 whereas other researchers found that physical disability

predicts depressive symptoms.26

On the whole, the objective of the present study is to analyze

simultaneously reciprocal relationships that could exist between

physical functioning, social isolation, loneliness and depressive

symptomatology to clarify potential mediation effects. We analyzed

results obtained of four consecutive waves (from 2005 to 2016) of a

population‐based sample study among older Dutch adults which

was born in 1934 or earlier (i.e., approx. more than 70 years old at

the start of the first wave and more than 80 years old at the end of

the last wave). We expect to find that decreases in social network

size and physical functioning predict loneliness, which predicts

depressive symptomatology and further decreases in social network

size.

2 | METHODS

2.1 | Study design

Data are from the Longitudinal Aging Study Amsterdam (LASA). LASA

is an ongoing population‐based sample study among older Dutch

adults. Starting in 1992 3,107 participants aged 55–85 years at

baseline were recruited from municipality registries within three

geographic regions and followed up every 3 or 4 years. For full details

on the study characteristics, we refer to Huisman et al. (2011). Our

study used data collected in 2005–2006 (W1); in 2008–2009 (W2);

in 2011–2012 (W3); and in 2015–2016 (W4). The 895 participants

included in the study were born in 1934 or earlier and responded to

questions about loneliness through valid values at least in one

questionnaire. Of these 895 participants, 858 responded to W1

questions about loneliness, 656 to W2, 461 to W3, and 269 to W4.

2.2 | Ethics Statement

In accordance with legal requirements in the Netherlands, informed

consent was obtained from all respondents in the study. The Medical

Ethical Committee at VU University Medical Centre approved the

study.

2.3 | Measurements

Social network size was defined as the total number of participants'

socially active relationships of the participant, based on the names of

persons with whom they had regular contacts important to them in

the past year. These questions were staged in seven domains,

including household members, children, children‐in‐law, siblings,

siblings‐in‐law, neighbours and other relatives. Those aged 18 or

above were included.27

Loneliness was measured using the 11‐item De Jong Gierveld

Scale28 which showed sufficient validity and reliability and is widely

used.29,30 The scale ranges from 0 to 11 and the higher the values,

the higher the levels of loneliness.

Depressive symptoms were measured through the 20‐item self‐
report CES‐D.31 The Dutch version of the CES‐D showed the same

good psychometric properties in measuring depressive symptoms in

samples of older adults as the original instrument, which was

developed to obtain measures in the community.32 Higher scores

mean more depressive symptoms. A cut‐off score of 16 is commonly

used to detect a clinically relevant level of depressive symptoms.32

Physical functioning was measured through a self‐report ques-

tionnaire. Questions were asked about the degree to which the

respondent had difficulty performing seven usual daily activities:

going up and down stairs, getting (un‐)dressed, sitting down and

rising from a chair, cutting own toenails, walking 400 m, using own or

public transportation and taking a bath or a shower.33 Respondents

could indicate whether they were able to perform the activity

without difficulty, with some difficulty, with much difficulty, only with

help, or not at all. These response categories were coded as 5, 4, 3, 2,

and 1, respectively, and sum scores (range 7–35) were calculated,

with lower scores indicating more limitations in physical functioning.

Sample characteristics selected and considered as covariates

included sex, age, partner status (married or in a partnership vs. not)

and years of education. Sex, year of birth and years of education were

measured at baseline whereas marital status was considered as a

time‐variant covariate.

2.4 | Statistical analysis

Descriptive analyses were conducted to characterize the study

sample. These analyses included frequencies and proportions for

categorical variables and means and standard error for continuous

variables. Outcomes means (i.e., loneliness, physical functioning,

depressive symptoms and social network size) from W1 to W4 were

compared using the Student's T‐test. Zero order correlations for the

key variables were also calculated.

We tested cross‐lagged and autoregressive associations among

social networks size, physical functioning, loneliness and depressive
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symptoms using cross‐lagged panel model (CLPM), which is

commonly used to estimate reciprocal effects and assess whether a

set of results is consistent with a causal model.34 We conducted

CLPM through structural equation modelling (SEM) with the

observed variables for depressive symptomatology, physical func-

tioning, loneliness and social networks size, adjusting for sex, age,

marital status and years of education. We used the maximum likeli-

hood for missing values (MLMV) estimation method.35 The MLMV

method includes the assumption that missing values are missing at

random, which means that missingness on outcomes uncorrelated

with the unobserved values of outcomes, after adjusting for observed

variables.36 Therefore, we assumed that attrition both from death

and from non‐response are not correlated with loneliness, physical

dysfunction, social network size and depressive symptomatology.

In order to test our assumption, we carried out three logistic

regression models for the three first study waves with these variables

(i.e., loneliness, physical dysfunction, social network size and

depressive symptomatology) and adjustment variables (i.e., sex, age,

marital status and years of education) as covariates and participation

in the next wave as outcome. We also assumed synchronicity (i.e., the

measures at each time point occurred at the same exact times) and

constancy of structural effects. Therefore, constrained to the equality

of autoregressive and cross‐lagged associations (i.e., W1–W2, from

W2 to W3, and from W3 to W4). We also constrained the correla-

tions of residual variances between variables within follow‐up waves

to be equal. Beta coefficients and 95% confidence interval of cross‐
lagged and autoregressive associations as well as correlations co-

efficients included in the CLPM were not reported (but available

upon request). To clarify the results of the CLPM, coefficients and

predicted linear values graphs of the statistically significant cross‐
lagged associations were reported.

The model fit was assessed by several indices comparing the

tested model to the saturated model. The absolute fit index of min-

imum discrepancy χ2 p‐value, which must be greater than 0.05, could

be ignored if the sample size is greater than 200.37 Therefore, we

took into account the relative chi‐square, dividing it by degrees of

freedom (χ2/DF), which is an index of how much the fit of data to

model has been reduced by dropping one or more paths. The

accepted thresholds for that index should be less than 3.38 The Root

Mean Square Error of Approximation (RMSEA) and its 90% confi-

dence interval (CI) estimates lack of fit compared to the saturated

model.39 RMSEA is recommended to be up to 0.05, whereas up to

0.08 is considered a fair fit.39 Finally, CFI, GFI and TLI are three more

indices about the quality of fit commonly used. CFI stands for

comparative fit index, GFI stands for goodness of fit index and TLI

stands for Tucker‐Lewis index.40 The values of CFI, GFI and TLI

should be greater than 0.9040,41. Stata 1342 was used in all statistical

analysis.

3 | RESULTS

The characteristics of the study sample are shown in Table 1. About a

59% of the participants were women and the mean of age ranged

from 79 in Wave 1 to 76 in Wave 4. Married people proportion

ranged from 49% in wave 1% to 38% in Wave 4. The mean years of

education was above 9 years. Loneliness (from 2.4 to 2.6), physical

functioning (from 29.7 to 28.2), social network size (from 14.8 to

14.2) and depressive symptoms (from 13.5 to 13.8) worsened

throughout the waves. Mean differences from W1 to W4 were sta-

tistically significant (p < 0.05). Table 2 reports the zero order cor-

relations for the variables of interest.

All autoregressive beta coefficients were statistically significant

(p < 0.05) whereas several statistically significant cross‐lagged
associations were found. As Figure 1 shows, decreasing physical

functioning (Coef. = −0.03; p < 0.05), as well as social network

size (Coef. = −0.02; p < 0.05), predicted higher levels of loneliness,

which predicted an increase in depressive symptoms (Coef. = 0.17;

p < 0.05) and further reduction of social network size

(Coef. = −0.20; p < 0.05), whereas decreasing physical functioning

TAB L E 1 Characteristics of the
study sample

Characteristic

Wave 1 Wave 2 Wave 3 Wave 4 p‐value
N = 858 N = 656 N = 461 N = 269 W1→W4

Age (>70)a 79.0 (0.2) 78.2 (0.2) 77.2 (0.2) 75.9 (0.2) ‐

Female N (%) 503 (58.6) 391 (59.6) 278 (60.3) 164 (61.0) ‐

Married N (%) 422 (49.2) 292 (44.5) 196 (42.8) 102 (38.1) ‐

Education (5–18) years 9.3 (0.1) 9.3 (0.1) 9.4 (0.1) 9.9 (0.2) ‐

Loneliness (0–11) 2.4 (0.1) 2.4 (0.1) 2.6 (0.1) 2.6 (0.2) <0.001

Physical functioning (7–35) 29.7 (0.2) 29.2 (0.3) 28.3 (0.3) 28.2 (0.4) <0.001

Social network size (0–60) 14.8 (0.3) 14.5 (0.4) 14.5 (0.4) 14.2 (0.6) <0.001

Depressive symptoms (0–50) 13.5 (0.2) 13.5 (0.2) 13.8 (0.2) 13.8 (0.3) <0.05

Note: N = frequency. Means of the outcomes fromW1 to W4 were compared using Student's T‐test.
Mean and standard errors are shown in parenthesis except for sex and marital status where

frequency and percentage are displayed.
aAge according to year of birth (71 = 1934, 72 = 1933, etc.).
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also predicted an increase in depressive symptoms (Coef. = −0.08;
p < 0.05). Figure 2 shows predicted linear values of statistically

significant cross‐lagged associations from W1 to W2. It would be

generalized to the other two consecutive waves as the constraint

is the same across them.

Table 3 show model fit indices. In our final model χ2/DF = 2.97,

RMSEA = 0.05 (0.04, 0.05), CFI = 0.93 GFI = 0.91 and TLI = 0.90, so

the model was a good fit model.

4 | DISCUSSION

To the best of our knowledge, this is the first study simultaneously

analysing the reciprocal associations of loneliness, objective social

isolation, physical disability and depressive symptoms. Loneliness was

found to be predicted by declines in social network size and physical

functioning. Loneliness also predicted further decreases in social

network as well as increases in depressive symptoms.

TAB L E 2 Correlations for variables of interest

Social network size

Social network size Loneliness Physical functioning Depressive symptoms

w1 w2 w3 w4 w1 w2 w3 w4 w1 w2 w3 w4 w1 w2 w3 w4

w1 1.00 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

w2 0.63 1.00 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

w3 0.64 0.67 1.00 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

w4 0.62 0.56 0.63 1.00 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Loneliness

w1 −0.27 −0.22 −0.24 −0.19 1.00 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

w2 −0.25 −0.25 −0.26 −0.25 0.70 1.00 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

w3 −0.18 −0.24 −0.28 −0.28 0.64 0.68 1.00 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

w4 −0.21 −0.24 −0.24 −0.32 0.63 0.67 0.74 1.00 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐

Physical functioning

w1 0.14 0.12 0.16 0.07 −0.18 −0.21 −0.27 −0.21 1.00 ‐ ‐ ‐ ‐ ‐ ‐ ‐

w2 0.13 0.15 0.22 0.03 −0.21 −0.22 −0.26 −0.22 0.78 1.00 ‐ ‐ ‐ ‐ ‐ ‐

w3 0.07* 0.09* 0.140 −0.01* −0.23 −0.22 −0.26 −0.22 0.75 0.83 1.00 ‐ ‐ ‐ ‐ ‐

w4 0.04* 0.09* 0.05* 0.06* −0.18 −0.18 −0.18 −0.16 0.47 0.63 0.71 1.00 ‐ ‐ ‐ ‐

Depressive symptoms

w1 −0.06* −0.06* −0.01* −0.03* 0.20 0.16 0.14 0.03* −0.29 −0.22 −0.21 −0.20 1.00 ‐ ‐ ‐

w2 −0.07* −0.07* −0.07* −0.09* 0.21 0.20 0.23 0.15 −0.29 −0.32 −0.24 −0.26 0.46 1.00 ‐ ‐

w3 −0.01* −0.03* −0.03* −0.10* 0.18 0.19 0.23 0.10* −0.28 −0.23 −0.28 −0.21 0.42 0.47 1.00 ‐

w4 −0.10* −0.08* −0.09* −0.14 0.25 0.25 0.28 0.23 −0.20 −0.15 −0.16 −0.29 0.33 0.49 0.44 1.00

*p > 0.05, all other correlations p < 0.05.

F I GUR E 1 Cross‐lagged longitudinal associations for loneliness, social network size, physical functioning and depressive symptoms.

Coefficients of statistically significant (p < 0.05) cross‐lagged associations are shown
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Globally, our results are coherent with our proposed theoretical

model, according to which negative events such as decreases in social

networks and physical functioning cause loneliness, which leads to

motivation to withdraw from most intimate relationships and to be

alert to potential social threats at the service of self‐preservation at

short‐term. Depressive symptoms reinforce that motivation.21

Our results confirm that increasing loneliness and decreasing

social network size could act in a synergistic way to reduce mental

well‐being among middle‐aged and older adults.7 According to our

hypotheses and in contrast with researchers who suggested an in-

dependent effect of loneliness and social isolation on mental

health6,10, social isolation affects loneliness, which mediates the

association between social isolation and depression. Our results also

support previous evidence obtained through cross‐lagged analyses

according to which loneliness predicts subsequent changes in

depressive symptomatology, but not vice versa.11 This highlights the

need to address the subjective factors of social isolation through

interventions aimed to improve the characteristics of social envi-

ronments of older adults to improve their mental health.

Finally, physical disability directly predicted depressive symp-

toms. This is in line with previous researchers, which suggests that

the association between physical disability and depressive symptoms

are not only due to its effect on social networks. In fact, previous

studies proposed that the association between older adults' physical

activity and depression is weaker in those with high levels of

perceived social support20 whereas pain and low sense of mastery

may contribute to aggravating this association.43

The present study addressed the consequences of loneliness

at short‐term and future studies should also analyze the possible

consequences of loneliness in the long‐term. According to the

theories proposing loneliness as an evolutionary mechanism,

lonely individuals will be motivated to reconnect, which is in line

F I GUR E 2 Cross‐lagged associations of loneliness, social network size, physical functioning and depressive symptoms. Predicted linear
values. Only W1–W2 associations are shown since coefficients were constrained to be the same across waves (from W1 to W2, from W2 to

W3 and from W3 to W4)

TAB L E 3 Model fit indices: threshold and results

χ2/DF CFIa GFIa TLIa RMSEA (CI)a

Threshold <3 0.90–0.95 0.90–0.95 0.90–0.95 0.05–0.08

Results 2.97 0.93 0.91 0.90 0.05 (0.04, 0.05)

aModel fit indices threshold range according to distinct proposals.
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with a previous study indicating that the remission of depressive

symptomatology is related to a decrease in loneliness and an in-

crease in social network size.22 However, when, at short‐term, the

initial emotional environment is not available, or it is qualitatively

inadequate, and alternative social relationships are not acces-

sible,30 loneliness may have deleterious effects on well‐being due

to its probable chronification,21 which is in line with studies

reporting a different effect of transient and chronic loneliness on

depression.44

This consideration could contribute to reconciling the contrasts

existing in the first proposals in social gerontology such as activ-

ity perspective and the recommendation to expand ‐or maintain‐
social roles when people get older45 as the antithesis of disengage-

ment perspective and the mutual withdrawal between aging persons

and society.46 These perspectives have influenced more recent

models and theories such as active and successful aging models47 and

socioemotional selectivity theory,48 respectively.

Like socioemotional selectivity theory, our proposed theoret-

ical model is coherent with a reduction in social interactions when

people get older, which limits them to the most emotionally safe

contacts, which protect their psychosocial well‐being. According to

socioemotional selectivity theory, this is a consequence of the

perception of life‐span as a particularly limited resource which is

caused by aging or negative events.49 However, our proposed

theoretical model does not allow the prescribing of optimal

interpersonal distances for the psychosocial well‐being of older

people, but rather, they depend on their social resources available

to deal with loneliness.21

Our results are coherent with findings by researchers proposing

the necessity for strategies to promote health and psychosocial

wellbeing prior to older age, with the aim of preventing subsequent

feelings of loneliness, creating healthier and more fulfilled post-

employment years and promoting social activities among older adults

after negative life events rather than prescribing an internment in

their intimate environment.47

4.1 | Limitation and strengths

The strengths of our study include the use of a large amount of

community‐representative data, with a sample of older adults from a

variety of socio‐economic backgrounds, an extensive follow‐up and

the ability to control for confounding factors. However, we need to

consider some limitations associated with our findings. First, some of

the SEM assumptions such as synchronicity might have been affected

by the fact that the time between waves is not always the same.

Furthermore, there are distinct interpretations of the goodness of fit

indicators and the present study would not pass the most conser-

vative interpretations. However, the goodness of fit cut‐off points

used in the present study have been used in similar previous

studies50,51. Second, it is possible that some of the findings are

influenced by the distorted perception of individuals with depressive

symptoms,52 although we cannot exclude the subjects as this aspect

is a symptom of their condition. Finally, variables were collected

through self‐report, which may result in recall or reporting bias.

Nevertheless, recall biases are usually relatively minor,53 and in our

study, recall periods were short and well‐defined, to minimize recall

bias.

5 | CONCLUSION

According to our results, decreasing social network and physical

functioning cause loneliness whereas loneliness causes further de-

creases in social networks and depressive symptoms. Therefore,

interventions focused on promoting social activities among older

adults after negative life events, such as loss of social contacts or

declining physical function, may alleviate feelings of loneliness and

act as mental health protector.

The proposed theoretical model could be partially considered

within the parameters of the evolutionary psychology, which may be

able to establish a pivotal connection between biological and psy-

chological factors, so allowing proposals regarding causal explana-

tions for human behavior.54 Future studies will need to consider

whether it is possible to predict the trajectory and effect of loneliness

on social behavior and mental health through an objective assess-

ment of available social resources.
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