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Summary
Background Loneliness is experienced by a third of older adults in the UK and is a modifiable potential risk factor for 
depressive symptoms. It is unclear how the association between loneliness and depressive symptoms persists over 
time, and whether it is independent of related social constructs and genetic confounders. We aimed to investigate 
the association between loneliness and depressive symptoms, assessed on multiple occasions during 12 years of 
follow-up, in a large, nationally representative cohort of adults aged 50 years and older in England.

Methods We did a longitudinal study using seven waves of data that were collected once every 2 years between 2004 
and 2017, from adults aged 50 years and older in the English Longitudinal Study of Ageing (ELSA). The exposure was 
loneliness at baseline (wave two), measured with the short 1980 revision of the University of California, Los Angeles 
Loneliness Scale (R-UCLA). The primary outcome was a score indicating severity of depression measured at 
six subsequent timepoints (waves three to eight), using the eight-item version of the Centre for Epidemiologic Studies 
Depression Scale (CES-D). Analyses were linear multilevel regressions, before and after adjusting for social isolation, 
social support, polygenic risk scores, and other sociodemographic and health-related confounders. The secondary 
outcome was depression diagnosis, measured using a binary version of the CES-D.

Findings 4211 (46%) of 9171 eligible participants had complete data on exposure, outcome, and confounders, and were 
included in our complete case sample. After all adjustments, a 1-point increase in loneliness score was associated 
with a 0·16 (95% CI 0·13–0·19) increase in depressive symptom severity score (averaged across all follow-ups). 
We estimated a population attributable fraction for depression associated with loneliness of 18% (95% CI 12–24) at 
1 year of follow-up and 11% (3–19) at the final follow-up (wave eight), suggesting that 11–18% of cases of depression 
could potentially be prevented if loneliness were eliminated. Associations between loneliness and depressive 
symptoms remained after 12 years of follow-up, although effect sizes were smaller with longer follow-up.

Interpretation Irrespective of other social experiences, higher loneliness scores at baseline were associated with higher 
depression symptom severity scores during 12 years of follow-up among adults aged 50 years and older. Interventions 
that reduce loneliness could prevent or reduce depression in older adults, which presents a growing public health 
problem worldwide.

Funding National Institute on Aging and a consortium of UK Government departments coordinated by the National 
Institute for Health Research.

Copyright © 2020 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.

Introduction
Depression among older adults is common (with an 
estimated prevalence of 4–9% worldwide),1 potentially 
underdiagnosed and undertreated, and associated with 
substantial morbidity and mortality.1 Data from the past 
15 years suggest that the prevalence of depressive illness 
among older adults is increasing.2 Better identification of 
modifiable risk factors for depression would inform 
public health and clinical approaches to prevention.

Loneliness is a painful emotional state caused by a 
discrepancy between a person’s desired meaningful 
social relationships, and what relationships they perceive 
they have.3,4 Loneliness is related to, but distinct from, 
other aspects of social relationships such as objective 

social isolation and perceived social support.3,4 Around a 
third of people aged 50 years and older in the UK report 
loneliness,5 which might partly be due to factors such as 
retirement, physical and cognitive decline, bereavement, 
reduced social networks, and loss of social roles. There is 
substantial overlap between the constructs of loneli ness 
and depression, although there is also evidence that they 
are distinct.6 Theoretical models suggest that loneliness 
has social, cognitive, and biological consequences that 
could increase the risk of subsequent depression.7 
Potential mechanisms for this association include 
negative perceptions of social interactions, negative 
cognitive schemas (eg, low self-belief), expectations of 
social threat, increased stress, reduced self-esteem, 

http://crossmark.crossref.org/dialog/?doi=10.1016/S2215-0366(20)30383-7&domain=pdf


Articles

2 www.thelancet.com/psychiatry   Published online November 9, 2020    https://doi.org/10.1016/S2215-0366(20)30383-7

and biological effects on the stress response and infla-
mmation.7 There is also evidence that loneliness is 
associated with anticipated rejection and reduced reward 
responsiveness to positive stimuli.7

Many studies have examined the relationship between 
loneliness and depression in older adults, but these 
studies have had limitations.8,9 There have been several 
cross-sectional studies,10–16 but it is impossible to rule out 
reverse causation in studies with a cross-sectional design. 
Longitudinal studies are essential to establishing whether 
loneliness precedes depressive symptoms, which is a 
necessary condition for identifying loneliness as a 
potentially causal, and hence targetable, risk factor for 
depression.

Existing longitudinal studies also have had limitations. 
Several small longitudinal studies (ie, sample sizes of less 
than 400 participants) have found evidence that higher 
levels of loneliness are associated with future depressive 
symptoms among older adults.17–22 Some of these studies 
used clinical17,20 or convenience21 samples, which intro-
duces selection bias and reduces generalisability. Small 
studies might also not be statistically powered to produce 
valid and precise results.23

Several large population-based cohort studies have 
reported positive associations between loneliness and 
subsequent depression,24–28 although one study found no 
evidence of a relationship.29 Most of these studies used 
single-item measures of loneliness24–29 which, compared 
with multi-item loneliness scales, are more susceptible to 
social desirability biases. Two large population-based 
cohort studies have found positive associations between 

loneliness, assessed using multi-item scales, and a single 
follow-up measure of depressive symptoms 2 years 
later.26,27

Studies with longer follow-up periods or repeated 
assessments of the depression outcome are scarce,19,27–29 
but would provide evidence on how the association 
between loneliness and depression changes over time. 
This evidence would strengthen causal inferences and 
inform the timing of interventions to prevent depression. 
To our know ledge, the longest follow-up in any previous 
study has been 7 years, but this study found no evidence 
of an association between loneliness and depressive 
symp toms.29 The extent to which the association persists 
over time is therefore unclear. There have been three 
studies with repeated assessments of loneliness and 
depression, but these studies have used cross-lagged 
panel analyses.19,27,28 Although these models are valuable 
for comparing bidirectional relationships, they often do 
not have follow-up periods of longer than 2–3 years 
(because each outcome follows the exposure immediately 
before it).

Loneliness is associated with objective social isolation 
and perceived social support, and it is possible that 
associations between loneliness and depressive symptoms 
are confounded by these related social experiences. Only 
one large cohort study adjusted for a broad range of social 
constructs and confounders related to loneliness. An 
independent association between loneliness and depres-
sive symptoms was reported, although this study used a 
single-item loneliness measure and a single follow-up.26 
If there is an inde pendent influence of loneliness, 

Research in context

Evidence before this study
We searched PubMed, the American Psychological Association 
PsycInfo and PsycArticles, and the CINAHL databases for studies 
published in English from database inception to June 30, 2020, 
which investigated loneliness and depressive symptoms in older 
adults, using the approved Medical Subject Headings terms 
“loneliness” and “depressive disorders, major”. We also manually 
searched reference lists of identified studies. Many studies have 
examined the association between loneliness and depression but 
most previous studies were cross-sectional. Of the longitudinal 
studies, many were limited by small unrepresentative samples, 
single-item measures of loneliness, single follow-ups or short 
follow-up periods, or inadequate adjustment for confounders. 
Several longitudinal studies used cross-lagged panel analyses. 
Although these models are valuable for comparing bidirectional 
relationships, they often do not have follow-up periods of longer 
than 2–3 years and are susceptible to time-varying confounding. 
No previous large longitudinal study had adjusted for potential 
genetic confounders. Longitudinal studies which had adjusted 
for a broad range of social relationships that are related to, 
but distinct from, loneliness (such as objective isolation and 
social support) were also scarce.

Added value of this study
To our knowledge, this is the first large longitudinal study of the 
association between loneliness and subsequent depression, 
which used repeated measures of depressive symptoms over a 
long follow-up period and adjusted for other social constructs 
and potential genetic confounders. We found that, irrespective 
of other social experiences, loneliness was associated with an 
increased risk of subsequent depression, and this risk persisted 
for up to 12 years after the loneliness was reported.

Implications of all the available evidence
Clinicians should be aware that older adults who report being 
lonely are at increased risk of developing depressive symptoms, 
and approaches to reduce loneliness should be considered. Such 
approaches could include social prescribing, psychological 
therapies that target negative cognitions, social skills training, 
psychoeducation, and supported socialisation (offering people 
support and guidance to select and attend activities). From a 
public health perspective, our results suggest that strategies 
which reduce or prevent loneliness in the general population 
could reduce the burden of future depression among older 
adults.
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irrespective of other social experiences, it would suggest 
that interventions need to target loneliness, in addition to 
targeting social isolation and providing social support.

Loneliness and depression are moderately heritable.30,31 

Molecular investigations reveal substantial overlap 
between genes that influence loneliness and genes that 
influence depression.32 This overlap could introduce 
genetic confounding of associations between loneliness 
and depression which, as far as we know, has never been 
investigated. One way to account for possible genetic 
confounding is to adjust for polygenic risk scores. 
Gene variants are derived from genome-wide association 
studies and combined into a single poly genic risk score, 
which captures part of an individual’s genetic susceptibility 
to the outcome (eg, depression or loneliness).33

We aimed to test the hypothesis that loneliness is 
associated with more severe symptoms of subsequent 
depression, and to build on existing evidence by using a 
large, nationally representative cohort of adults aged 
50 years and older with a 12-year follow-up period.

Methods
Study design and participants
The English Longitudinal Study of Ageing (ELSA) began 
in 2002 and is an ongoing study of the health, social, and 
economic lives of the population aged 50 years and older 
in England.34 The core ELSA sample in wave one of the 
study was recruited from households that participated in 
the 1998, 1999, or 2001 Health Survey for England 
(HSE)—a large nationally representative annual house-
hold survey that monitors trends in the population’s 
health. Eligibility criteria for ELSA were: belonging to a 
household participating in the HSE, in which at least one 
person agreed to be contacted; date of birth before 
March 1, 1952 (ie, aged 50 years or older when the study 
began); and living in a private household in England at 
the time of the first wave of fieldwork (11 578 eligible 
households and 18 813 individuals).34 Partners of eligible 
participants who were younger than 50 years of age and 
people who had joined households since the HSE were 
also invited. The household response rate was 70% and 
the individual response rate was 67%. The total sample of 
12 099 participants at wave one of ELSA consisted of 
11 391 core members, 636 partners aged younger than 
50 years, and 72 new partners aged 50 years and older. 
The mean age of the sample was 65 years (SD 10·75).34 
The ELSA sample is periodically refreshed with 
additional participants aged 50 years and older, drawn 
from other HSE waves. The wave one ELSA sample was 
compared with national census data and was deemed 
representative of the non-institutionalised general 
population in England aged 50 years and older.34

Participants were followed-up with a survey once every 
2 years, until 2016 or 2017. Loneliness was first assessed 
at wave two (in 2004–05), which was used as the baseline 
for our study cohort (n=9432, 82·8% of the core wave one 
sample). ELSA data are publicly available and were 

downloaded from the UK Data Service. For waves one to 
eight, the UK Data Service contains a single ELSA data 
file containing the majority of variables relating to the 
ELSA interviewer visit.

Ethical approval for ELSA was obtained from the 
London Multicentre Research Ethics Committee. All 
participants provided informed consent.

Procedures
Depressive symptoms in the previous week were 
assessed at every timepoint using the eight-item version 
of the Centre for Epidemiologic Studies Depression 
Scale (CES-D). Scores ranged from 0 to 8, and higher 
scores indicated greater severity of depressive symptoms. 
The eight-item CES-D is widely used in older adults and 
has been validated against the 20-item version, showing 
good validity and reliability.35 The CES-D contains an 
item that asks whether respondents have felt lonely. 
Consistent with other studies,19,36 we removed this item to 
avoid overlap with the loneliness scale, which might 
inflate associations. The CES-D showed good internal 
consistency before (α=0·78) and after (α=0·76) removing 
the loneliness item, at each wave. Our primary outcome 
was CES-D scores (using seven items, with loneliness 
removed) after the baseline assessment of loneliness 
(waves three to eight), as a repeated measure. Our 
secondary outcome was depression measured using a 
binary version of the CES-D. The recommended score 
cutoff approximating clinical diagnosis of depression on 
the eight-item CES-D (including the loneliness item) is 
3 or higher.37 For our revised seven-item scale (with the 
loneliness item removed), we used a score cutoff of 2 or 
higher, which resulted in the same prevalence of 
depression as the cutoff of 3 or higher on the eight-item 
version of the CES-D.

Loneliness was measured at waves two to eight. At each 
of these waves the three-item short 1980 version of the 
University of California, Los Angeles Loneliness Scale 
(R-UCLA) was used.38 We used the baseline scores from 
wave two as the main exposure for loneliness. The scale 
asks “how often do you feel you lack companionship?”, 
“how often do you feel left out?”, and “how often do you 
feel isolated from others?”. Response options for each 
item are “hardly ever or never” (equating to a score of 1), 
“some of the time” (a score of 2), or “often” (a score of 3). 
Total scores for the scale range from 3 to 9, and higher 
scores indicate greater loneliness. The scale has been 
used extensively with older adults, with good internal 
reliability (α=0·78).36

We selected confounders on the basis of existing studies 
and theoretical assumptions. We assumed that these 
variables were potential alternative explanations for the 
association between exposure and outcome. It is possible 
that associations between loneliness and depressive 
symptoms are confounded by related social experiences.19 
We therefore adjusted for measures of social network 
size, frequency of social contact, participation in social 

For more on UK Data Service see 
https://ukdataservice.ac.uk

For more on ELSA data see 
https://www.elsa-project.ac.uk/
accessing-elsa-data

https://ukdataservice.ac.uk
https://www.elsa-project.ac.uk/accessing-elsa-data
https://ukdataservice.ac.uk
https://www.elsa-project.ac.uk/accessing-elsa-data
https://www.elsa-project.ac.uk/accessing-elsa-data
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groups, and perceived social support. These measures 
were from wave two and are described in the appendix 
(p 3). Consistent with other studies,36 we assumed that 
objective social isolation (having little social contact with 
others) would be captured by social network size, 
frequency of social contact, and participation in social 
groups. We also adjusted for: polygenic risk scores for 
loneliness and depressive symptoms, age, sex, ethnicity, 
marital status, level of education, employment status, 
wealth, long-term physical illness, mobility impairment, 
pain, body-mass index, waist circumference, cognitive 
function, and baseline depressive symptoms. Wealth is 
generally used as the measure of socioeconomic resources 
in ageing studies because of the difficulty in income 
measurement in retired people.36 Even among those who 
work, incomes are often reduced at older ages because 
part-time work is more common. All con founders were 
measured at wave two and are described in the appendix 
(pp 4–6).

Statistical analysis
Analyses were done using Stata 14. For descriptive 
analyses, we dichotomised loneliness scores (<6 or ≥6)36 
and compared characteristics of these groups using 
means with SD or frequencies with percentages. We did 
not use sample weights in our main analyses because 
weights were derived using many of the variables used as 
confounders, and can lead to overadjustment.39 We 
included the sample weights in our multiple imputation 
sensitivity analysis. We defined our complete case sample 
as those who had data on loneliness exposure, confoun-
ders, and at least one depressive symptom severity score 
outcome.

We used linear multilevel regressions to examine 
associations between loneliness (wave two; continuous 
exposure) and subsequent depressive symptom severity 
(waves three to eight; continuous outcome). Repeated 
depressive symptom severity measurements were 
clustered within individuals, with a random intercept for 
individual, random slopes according to time (time defined 
according to wave of follow-up) and heteroscedasticity-
consistent SEs. Multilevel models maximise the use of 
longitudinal data, adjust for the correlation between 
repeated measures within individuals, increase statistical 
power and precision (relative to traditional regression), 
and estimates are weighted for missing data between 
waves.

We built the regression model in ten stages (appendix 
p 7). Model one tested the univariable association between 
loneliness and depressive symptom severity. In model 
two we added continuous linear variables, and quadratic 
time variables were added in model three (we excluded 
the quadratic time variables if there was no evidence of a 
non-linear influence of time on depressive symptoms). In 
model four, we added the social variables and in model 
five, polygenic risk scores were added. In model six we 
added sociodemographic factors and, in model seven, 

health indicators. In model eight, we added baseline 
depressive symptoms. We investigated whether the 
association was modified by age or sex, using interaction 
terms. To investigate whether the association between 
loneliness and depressive symptoms differed according 
to timepoint, we calculated an interaction between 
loneliness and time. We calculated interactions between 
loneliness and linear time and quadratic time, to obtain 
global p values. If there was evidence of interaction, we 
estimated associations between loneliness and depressive 
symptoms at each timepoint.

As a secondary outcome, we used a binary depression 
variable and logistic multilevel models. We calculated the 
population attributable fraction (PAF; the proportion 
of cases of depression that could be prevented if the 
influence of loneliness was removed).

We did several sensitivity analyses to explore the 
robustness of our results. First, as depressive symptom 
severity scores were positively skewed, we analysed our 
primary outcome using a negative binomial model. 
Second, as loneliness is time-varying, we analysed panel 
data with loneliness (exposure) and depressive symptom 
severity (outcome) from waves two to eight, using linear 
multilevel regression. From this model we extracted the 
association between loneliness and depressive symptoms 
before and after adjustments, and the fixed-effect (within-
person) change in depressive symptoms according to 
change in loneliness. Finally, we re-ran analyses of the 
primary and secondary outcome with the loneliness item 
included in the CES-D. We compared the PAF from 
logistic models with and without the loneliness item.

We compared the characteristics of those with complete 
(on all variables used in the analyses) and missing data, 
using independent t tests and χ² tests. As a sensitivity 
analysis, we replaced missing data on confounders and 
outcome (missing data shown in figure) using multiple 
imputation with chained equations. Polygenic risk score 
data cannot be imputed using standard procedures due 
to linkage disequilibrium. We assumed data were 
missing at random (ie, that missing data were associated 
with observed data),40 and imputed 25 datasets. To predict 
missing values, we used all baseline characteristic 
variables and several auxiliary variables including tobacco 
smoking, alcohol use, hearing or vision impairment, 
household size, and whether the respondents had 
children, measured at wave two. We applied the popu-
lation weight from wave two to the imputation model to 
improve representativeness of the sample to the 
population. Imputed datasets were combined and 
analyses were re-run using Rubin’s rules.40

Role of the funding source
The funders of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report. The corresponding author had full 
access to all the data in the study and had final 
responsibility for the decision to submit for publication.

See Online for appendix
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Results
Of 9171 eligible participants, our complete case 
sample included 4211 participants (46%; figure) aged 
52–101 years (mean 65·1, SD 8·9); 2310 (55%) were 
female, 2785 (66%) were unemployed or retired, and 
4211 (100%) were white (table 1, appendix pp 8–9). 
The mean loneliness score at baseline (wave two) 
was 4·12 (SD 1·50). Mean depressive symptom severity 
scores increased slightly over time and were higher in 
the group with high loneliness scores (score of ≥6; 
table 2). At baseline, 17% of the sample had a depression 
severity score of 2 or higher on the CES-D and this was 
similar during follow-up. At baseline, there was a 
moderate positive correlation between loneliness and 
depression (Pearson’s correlation coefficient 0·44 when 
including the CES-D loneliness item and 0·49 when not 
including the loneliness item).

Compared with those with low loneliness scores 
(score of <6), participants with high loneliness scores (≥6) 
were on average older and a higher proportion were 
female, unmarried, unemployed, and had lower level of 
education and wealth (table 1). The group with high 
loneliness scores also had more physical illnesses, 
mobility impairment, and pain, as well as more severe 
depressive symptoms, lower levels of social support, 
smaller social network sizes, and less frequent social 
contact. However, participation in social groups was 
more common in the group with high loneliness scores 
(table 1).

Participants with missing data were older than those in 
the complete case sample and more likely to be 
unmarried, from an ethnic minority, and of lower 
socioeconomic status (appendix pp 8–9). Participants 
with missing data also had higher scores on loneliness, 
depressive symptoms, and social isolation, and were 
more likely to have experienced mobility impairment or 
be often troubled with pain (appendix pp 8–9).

In the univariable model (model one), a 1-point 
increase in loneliness was associated with a 0·38 (95% CI 
0·35–0·41) increase in depressive symptoms on average 
across all follow-ups (table 3). There was evidence of a 
small increase in depressive symptoms over time (model 
two, p=0·0016) and no evidence that this was non-linear 
(model three, p=0·55). There was little change in the 
association between loneliness and depressive symptoms 
after adjusting for other social experiences and polygenic 
risk scores. The association remained but was attenuated 
after further adjustment for sociodemographic and 
health-related confounders (0·29 [95% CI 0·26–0·32]; 
model seven, table 3). Adjusting for baseline depressive 
symptoms reduced the effect estimate by around half, 
but evidence for the association remained (0·16 
[0·13–0·19]; model eight, table 3). There was no evidence 
that the association between loneliness and depression 
was modified by age (p=0·33) or sex (p=0·24). Effect 
estimates for social experiences related to loneliness, and 
polygenic risk scores, are reported in the appendix (p 12).

The magnitude of the association between loneliness 
and depressive symptoms reduced as follow-up pro-
gressed (interaction term coeffecient –0·01 [95% CI 
–0·019 to –0·009]; p=0·031; table 4). Evidence of the 
association remained at wave eight, representing a 12-year 
interval between loneliness and depressive symptoms 
(table 4). We found no evidence for a non-linear influence 
of time on the association between loneliness and 
depressive symptoms (p=0·40; from interaction between 
loneliness and quadratic time).

We found the same pattern of association between 
loneliness and depression when using a binary de-
pression variable (appendix p 10). The PAF for depression 
associated with loneliness was estimated to be 18% 
(95% CI 12–24) at the first follow-up (wave three) and 
11% (3–19) at the final follow-up (wave eight).

In the sensitivity analysis, primary outcome results 
were similar when using a negative binomial model 
(appendix pp 13–14). In panel analyses using a time-
varying loneliness exposure, primary outcome results 

9432 participants with data at wave two of ELSA (baseline for our study)

9171 had data at wave two and were aged 50 years and older (total eligible
 sample)

7974 had complete loneliness data (also used for imputed analyses)*

6935 had complete loneliness data and data on depressive symptoms from 
 at least one follow-up (at any timepoint)

4211 had complete data on loneliness (exposure), depressive symptoms
 (outcome), and confounders, and were included in our complete case
 sample for analysis

261 excluded as they were younger than 50 years of age

1197 excluded as they had incomplete or missing data on
 loneliness at baseline 

1039 excluded as they were missing data on depressive
 symptoms at all follow-ups

2724 excluded as they were missing data on covariates or
 confounders† at baseline

Figure: Study flowchart
ELSA=English Longitudinal Study of Ageing. *This was the sample size after 
using multiple imputation to replace data missing for confounders and 
outcome; exposure data were not imputed. †Confounders were social network 
size, social contact frequency, participation in social groups, perceived social 
support, age, sex, ethnicity, marital status, level of education, employment 
status, wealth, long-term physical illness, mobility impairment, pain, body-mass 
index, waist circumference, cognitive function, polygenic risk scores, and 
depressive symptoms at baseline (wave two).
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were similar, though the association was stronger and 
there was no evidence that it reduced with time (appendix 
p 15). Primary and secondary outcomes remained similar 
when including the CES-D loneliness item (appendix 

pp 16–19). 95% CIs overlapped with those in the primary 
analysis but PAFs were slightly higher when including 
the CES-D loneliness item (23% [95% CI 17–28] at the 
first follow-up and 16% [8–22] at the final follow-up). In 

Overall (n=4211) Loneliness

High* (n=714, 18%) Low† (n=3497, 82%) p value

Sex

Female 2310 (55%) 460 (64%) 1850 (53%) <0·0001

Male 1901 (45%) 254 (36%) 1647 (47%) ··

Marital status

Married 2954 (70%) 309 (43%) 2645 (76%) <0·0001

Unmarried‡ 1257 (30%) 405 (57%) 852 (24%) ··

Level of education

Higher (degree level and higher) 603 (14%) 71 (10%) 532 (15%) <0·0001

Intermediate (school qualifications) 2272 (54%) 361 (51%) 1911 (55%) ··

No formal qualification 1336 (32%) 282 (39%) 1054 (30%) ··

Employment status

Employed 1426 (34%) 189 (26%) 1237 (35%) <0·0001

Unemployed or retired 2785 (66%) 525 (74%) 2260 (65%) ··

Wealth quintile

1 (least wealthy) 490 (12%) 148 (23%) 342 (10%) ··

2 742 (18%) 151 (21%) 591 (17%) ··

3 896 (21%) 140 (20%) 756 (22%) ··

4 1014 (24%) 150 (21%) 864 (25%) ··

5 (wealthiest) 1069 (25%) 125 (18%) 944 (27%) <0·0001

Long-term physical illness

Yes 2297 (55%) 467 (65%) 1830 (52%)

No 1914 (45%) 247 (35%) 1667 (48%) <0·0001

Mobility impairment

Present 2313 (55%) 487 (68%) 1826 (52%) <0·0001

Absent 1898 (45%) 227 (32%) 1671 (48%)

Often troubled with pain

Yes 1140 (33%) 350 (49%) 1140 (33%) ··

No 2357 (67%) 364 (51%) 2357 (67%) <0·0001

Score of 2 or higher on CES-D

Yes 729 (17%) 301 (42%) 428 (12%)

No 3482 (83%) 413 (58%) 3069 (88%) <0·0001

Participation in social groups

Yes 960 (23%) 188 (26%) 772 (22%) 0·014

No 3251 (77%) 526 (74%) 2725 (78%) ··

Age, years 65·1 (8·9) 66·1 (9·6) 64·9 (8·8) 0·0010

Depressive symptom severity score at wave two 
(range 0–8)

1·2 (1·6) 2·2 (2·1) 0·9 (1·4) <0·0001

Social support score (range 0–36) 23·2 (7·2) 18·1 (6·9) 24·2 (6·8) <0·0001

Social network size score (range 0–30) 7·3 (4·2) 6·1 (3·9) 7·5 (4·2) <0·0001

Social contact frequency score (range 0–18) 9·0 (3·0) 8·2 (3·1) 9·1 (3·0) <0·0001

Body-mass index, kg/m² 26·8 (7·0) 26·6 (7·9) 26·9 (6·8) 0·40

Waist circumference, cm 93·8 (17·4) 93·2 (18·3) 93·9 (17·2) 0·34

Overall cognitive function§ 0·0 (1·0) –0·3 (1·1) 0·1 (1·0) <0·0001

Data are n (%) or mean (SD). CES-D=Centre for Epidemiologic Studies Depression Scale. R-UCLA=the short 1980 version of the University of California, Los Angeles Loneliness 
Scale. *Participants who scored 6–9 on R-UCLA. †Participants who scored less than 6 on R-UCLA. ‡Single, divorced, separated, or widowed. §Assessed using 
neuropsychological tests of immediate and delayed verbal memory, prospective memory, verbal fluency, cognitive speed and attention, and time orientation.

Table 1: Baseline characteristics of the complete case sample, overall and by loneliness score
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the multiple imputation analyses, results were similar 
and we found the same pattern of the association 
remaining but attenuating as follow-up progressed 
(appendix pp 20–21).

Discussion
In this large, prospective cohort of adults aged 50 years 
and older, loneliness was associated with increased 
severity of depressive symptoms over a 12-year follow-up 
period, independent of objective social isolation, social 
support, and other potential confounders including 
polygenic risk scores. The size of the association reduced 
as follow-up progressed, but loneliness remained asso-
ciated with increased severity of depressive symptoms 
12 years later.

To our knowledge, this study is the first large, 
longitudinal investigation with multiple waves of 
follow-up and a nationally representative sample of older 
adults to adjust for a broad range of social experiences 
related to, but distinct from, loneliness. We adjusted for 
polygenic risk scores along with other confounders 
which, as far as we know, most previous studies have not 
accounted for. The repeated assessments of depression 
every 2 years allowed us to investigate the persistence of 
associations between loneliness and depression over a 
12-year follow-up period.

We used self-reported depression measures, which 
could lead to more measurement error than clinical 
interviews. However, we would expect such measurement 
error to be random with respect to our hypotheses. 
Depressive symptoms exist as a continuum and symptom 
measures capture variation in severity, as well as 
increasing statistical power and reducing observer bias. 
The CES-D has shown high sensitivity and specificity in 
similar community samples.35 There are also potential 
limitations in how we assessed loneliness. For example, 
there are distinctions between emotional and social 
loneliness, and it is possible the R-UCLA scale focuses 
on emotional loneliness.3 Alternative scales such as the 
De Jong Gierveld scale can be separated into social and 
emotional loneliness factors, allowing comparisons 
between the two.3

Attrition is a limitation of all cohort studies. Our com-
plete case sample with data on all variables differed 
systematically from the overall sample, which could lead 
to bias. In sensitivity analyses using multiple imputations 
our findings were unaltered, suggesting they were 
unlikely to be due to selection bias. Although we cannot 
be certain that data were missing at random (an 
assumption of multiple imputation), the large amount of 
data in ELSA allowed us to identify several variables 
associated with missingness, supporting the plausibility 
of the missing-at-random assumption. We cannot 
exclude the possibility that data were missing not at 
random, which could lead to biases not corrected by 
multiple imputation. For example, if participants with 
more severe loneliness and depressive symptoms were 

Overall Loneliness

High* Low† p value‡

Wave three (n=4060) 1·16 (1·64) 2·25 (2·15) 0·94 (1·41) <0·0001

Wave four (n=3651) 1·13 (1·64) 2·09 (2·09) 0·93 (1·46) <0·0001

Wave five (n=3387) 1·26 (1·70) 2·21 (2·08) 1·07 (1·54) <0·0001

Wave six (n=3142) 1·14 (1·63) 2·06 (2·07) 0·96 (1·46) <0·0001

Wave seven (n=2751) 1·17 (1·59) 2·13 (2·04) 0·98 (1·41) <0·0001

Wave eight (n=2449) 1·14 (1·53) 2·06 (1·96) 0·97 (1·37) <0·0001

Data are mean (SD). The number of participants with complete data on all variables at each wave varies because there 
were a different number of people with depression data at each wave (due to attrition). R-UCLA=the short 1980 
version of the University of California, Los Angeles Loneliness Scale. *Participants who scored 6–9 on R-UCLA. 
†Participants who scored less than 6 on R-UCLA. ‡Obtained from independent t tests.

Table 2: Depressive symptom severity score at each follow-up in the sample overall and by 
loneliness score

Change in depressive 
symptom severity 
score (95% CI)

p value

Model one: univariable association 0·38 (0·35–0·41) <0·0001

Model two: model one plus continuous linear time variable 0·38 (0·35–0·41) <0·0001

Model three: model two plus continuous quadratic time variable* 0·38 (0·35–0·41) <0·0001

Model four: model two adjusted for social experiences related to 
loneliness†

0·36 (0·33–0·40) <0·0001

Model five: model four adjusted for polygenic risk scores‡ 0·36 (0·32–0·39) <0·0001

Model six: model five adjusted for sociodemographic factors§ 0·33 (0·29–0·36) <0·0001

Model seven: model six adjusted for health indicators¶ 0·29 (0·26–0·32) <0·0001

Model eight: model seven adjusted for depressive symptoms at 
baseline||

0·16 (0·13–0·19) <0·0001

*Time squared was subsequently excluded from models because of no evidence of departure from linearity. 
†Social network size, social contact frequency, participation in social groups, and perceived social support. ‡Polygenic 
risk scores for depressive symptoms and loneliness. §Age, sex, ethnicity, marital status, level of education, employment 
status, and wealth. ¶Long-term physical illness, mobility impairment, pain, body-mass index, waist circumference, and 
cognitive function. ||Interactions between loneliness and time and loneliness and time squared were added to model 
eight; results for interaction terms are reported in the text.

Table 3: Mean change in depressive symptom severity score per 1-point increase in loneliness score, 
using repeated measures of depressive symptoms from waves three to eight

Unadjusted Fully adjusted*

Change in mean 
score (95% CI)

p value Change in mean 
score (95% CI)

p value

Wave three (n=4060) 0·41 (0·38–0·45) <0·0001 0·19 (0·15–0·23) <0·0001

Wave four (n=3651) 0·37 (0·33–0·42) <0·0001 0·15 (0·11–0·19) <0·0001

Wave five (n=3387) 0·38 (0·33–0·42) <0·0001 0·16 (0·11–0·20) <0·0001

Wave six (n=3142) 0·36 (0·31–0·40) <0·0001 0·14 (0·09–0·18) <0·0001

Wave seven (n=2751) 0·37 (0·32–0·41) <0·0001 0·14 (0·10–0·19) <0·0001

Wave eight (n=2449) 0·35 (0·01–0·40) <0·0001 0·13 (0·08–0·18) <0·0001

Associations were drawn from multilevel models. The number of participants with complete data on all variables at each 
wave varies because there were a different number of people with depression data at each wave (due to attrition). 
*Adjusted for social network size, social contact frequency, participation in social groups, social support, age, sex, ethnicity, 
marital status, level of education, employment status, wealth, long-term illness, mobility impairment, pain, body-mass 
index, waist circumference, cognitive function, and depressive symptoms at baseline (wave two).

Table 4: Unadjusted and adjusted change in mean depressive symptom severity score per 1-point 
increase in loneliness score, according to timepoint
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more likely to drop out over time, and this was not 
corrected in imputations, it could have reduced the size 
of our associations or accounted for the decline in the 
association over time. Systematic attrition would affect 
the representativeness of the sample. In our imputations 
we used a population weight to increase represen-
tativeness, and this did not change our findings. 
Although broadly representative of the population of 
England, the proportion of ethnic-minority participants 
in ELSA was small, and in the sample we used for 
analyses, all participants were white. ELSA is also not 
representative of the institutionalised population of 
England.

Although we adjusted for a wide range of confounders, 
as with any observational study, we cannot exclude the 
possibility of residual confounding. Polygenic risk scores 
for depression and loneliness account for a modest 
proportion of genetic variance, and although our adjust-
ment for these scores is a methodological advance ment, 
we cannot exclude the possibility of residual genetic 
confounding. Another potential limitation is that some 
variables that were adjusted for at baseline, such as 
depressive symptoms and physical health problems, 
could have been mediators rather than confounders, 
which might have resulted in underestimation of 
associations between exposure and outcome. Adjusting 
for variables that might follow loneliness (and share 
common causes with depression) might also cause 
collider bias. However, collider bias is most likely to 
induce spurious associations or reverse the direction of 
associations, and we found no indications of this.

Although robust to adjustments, our effect sizes were 
modest and it is difficult to judge their potential clinical 
importance. Small effect sizes are, however, likely to be of 
clinical and public health importance when exposures 
and outcomes are common. We estimated a PAF for 
depression related to loneliness of 18% at the 1-year 
follow-up. This is noteworthy when the complexity of 
effect sizes is considered. Finally, although we were 
interested in the long-term association between loneliness 
and subsequent depression (to inform preventive 
interventions for depression, which are urgently needed), 
there is evidence of a bidirectional relationship between 
loneliness and depression.22,27,28 This bidirectional relation-
ship has implications for mechanisms and interventions, 
and further work on this issue is needed.

Our finding that loneliness is associated with increased 
risk of subsequent depressive symptoms is consistent 
with most other large population-based cohort studies.19,25–28 

The finding is inconsistent with one study, which used a 
7-year follow-up, although the cohort studied was relatively 
small and could have been statistically underpowered.29

Little is known about causal mechanisms underlying 
the association between loneliness and depression. Our 
observation that loneliness remained associated with 
depressive symptoms 12 years later could have arisen 
because the adverse consequences of loneliness persist, 

because loneliness persists, or because depressive 
symptoms are often chronic. Loneliness is thought to 
involve a perceived absence of companionship, meaning-
ful connections, sense of belonging, or empathic under-
standing. There is evidence that loneliness can lead to 
cognitive malfunctions, for example increased vigilance 
towards threatening social stimuli and negative cognitive 
biases.7 People who are lonely are more likely to antici-
pate negative social interactions, recall negative social 
memories, and make negative evaluations of themselves 
and the social context. Loneliness could be associated 
with the development of negative beliefs about one’s self, 
which are associated with depression. Experiences of 
compan ionship, belongingness, and meaningful connec-
tions are usually rewarding, and reduced experience of 
social rewards has been associated with depression.41 
Loneliness might also have biological effects on the 
stress response that might increase risk of depression, 
for example impaired immune function or hypothalamic–
pituitary–adrenal axis activity.

Clinicians should be aware of loneliness as a potential 
risk factor for depression, assess for signs of loneliness in 
older adults, and consider strategies to address this 
loneliness. Such strategies could include social prescribing, 
psychological therapies which target negative cognitions, 
social skills training, psychoeducation, and supported 
socialisation (offering people support and guidance to 
select and attend activities).4 Many primary care clinicians 
feel that depression among older adults is attributable to 
loneliness or social isolation and that strategies to address 
this are scarce.42 There is evidence that psychological 
therapies for loneliness are effective, especially those that 
target cognitive biases or attributional styles, although 
more evidence is needed.4

From a public health perspective, our findings suggest 
that interventions that reduce loneliness could prevent 
depressive symptoms or make them less severe in older 
adults. Such public health strategies include approaches 
that can be delivered to whole communities by local 
authorities, community-sector organisations, or chari ties. 
The approach might involve building community 
resources, strengthening networks within neighbour-
hoods, community connectors in primary care, or arts and 
sports-based approaches embedded in com munities.4 
There is also evidence that new technologies and com-
munity-engaged arts interventions could be prom ising 
tools to reduce loneliness in older popu lations.43 Our 
evidence suggests that building relationships and 
meaningful connections should be a key part of these 
strategies.

In conclusion, loneliness was associated with increased 
risk of subsequent depression or increased depressive 
symptom severity, independent of other aspects of social 
relationships (ie, even among people who were not socially 
isolated or who felt socially supported), and that this 
increased risk persisted for up to 12 years after loneliness 
was reported. Interventions that target social isolation 
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and social support could reduce loneliness by improving 
the quality of relationships and increasing companionship, 
meaningful connections, belongingness, and empathic 
understanding. Although tackling loneliness effectively 
will be a complex task, it has important potential to reduce 
or even prevent future depressive symptoms in older 
adults.
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