Journal Pre-proof

The role of loneliness in the association between chronic physical
illness and depressive symptoms among older adults: A

prospective cohort study

A. Kandola, F. Solmi, O. Ajnakina, E. Ingram, E. lob, S. Lee, A.
Steptoe, T. Wright, G. Lewis

PII:
DOI:

Reference:

To appear in:

Received date:

Revised date:

Accepted date:

S0165-0327(23)00533-5
https://doi.org/10.1016/j.jad.2023.04.072
JAD 16018

13 December 2022
10 April 2023
16 April 2023

AFFECTIVE DISORDERS

Please cite this article as: A. Kandola, F. Solmi, O. Ajnakina, et al., The role of loneliness
in the association between chronic physical illness and depressive symptoms among older
adults: A prospective cohort study, (2023), https://doi.org/10.1016/j.jad.2023.04.072

This is a PDF file of an article that has undergone enhancements after acceptance, such
as the addition of a cover page and metadata, and formatting for readability, but it is
not yet the definitive version of record. This version will undergo additional copyediting,
typesetting and review before it is published in its final form, but we are providing this
version to give early visibility of the article. Please note that, during the production
process, errors may be discovered which could affect the content, and all legal disclaimers
that apply to the journal pertain.

© 2023 Published by Elsevier B.V.


https://doi.org/10.1016/j.jad.2023.04.072
https://doi.org/10.1016/j.jad.2023.04.072

Journal Pre-proof

13.12.2022

Dear Drs P. Brambilla and J. C. Soares,

Editors in Chief of Journal of Affective Disorders

RE: The role of loneliness in the association between chronic physical iliness anu 1epressive symptoms among

older adults: A prospective cohort study

We would be grateful for your consideration of this manuscript fo, nubl zation in Journal of Affective Disorders.
To the best of our knowledge, this is the first prospective studv tc examine the role of loneliness as a mediator in

the relationship between chronic physical illness and depres_in.

Chronic physical illness is a growing societal probi. m with an enormous cost to healthcare systems. It increases
the risk of other chronic conditions that can wrea ~ymptoms and increase healthcare costs and complexity, such
as depression. Interventions to prevent peuple “vith chronic physical iliness from developing depression require

clear data on possible mechanisms und.lying the relationship between these conditions.

Our manuscript is suitable for L. "hlication in Journal of Affective Disorders as we use robust methods to show that
loneliness is unlikely to mediate ..1e relationship between chronic physical iliness and depression. We conclude
that clinicians, researchers, and public health practitioners aiming to reduce depression in people with chronic
physical illnesses should develop interventions that target mechanisms other than loneliness based on the data in

our study.

We are confident that our findings will be of interest to a broad clinical readership, given the widespread concerns
about the worsening individual and societal costs of chronic physical ilinesses and depression. No authors have

any financial or other conflicts of interest to declare.



Journal Pre-proof

Sincerely,

Aaron Kandola, on behalf of all co-authors
Research Fellow,

MRC Unit of Lifelong Health and Ageing.
1-19 Torrington Place

London, WC1E 7HB



The role of loneliness in the association between chronic physical iliness and depressive symptoms

among older adults: A prospective cohort study

Kandola, A."**, Solmi, F., Ajnakina, 0.**, Ingram, E.®, lob, E.°, Lee, S., Steptoe, A.°, Wright, T.?, &

Lewis, G.2
1. MRC Unit of Lifelong Health and Ageing, University College London, London, UK
2. Institute of Mental Health, University College London, Londr.n, UK
3. Division of Psychiatry, University College London, London, !'"
4. Department of Biostatistics & Health Informatics, Institute L€ Fsychiatry, Psychology and

Neuroscience, King’s College London, University of Lc n.~n London, United Kingdom

5. Department of Behavioural Science and Health, Ir>u 'ite of Epidemiology and Health Care,
University College London, London, United Kingdnn,

6. Department of Applied Health Research, In: titut~ of Epidemiology and Health Care,

University College London, London, Urited Kingdom

*corresponding author: aaron.karac'a@ucl.ac.uk



Abstract
Background

Chronic physical illness increases the risk of subsequent depressive symptoms, but we know little
about the mechanisms underlying this association that interventions can target. We investigated
whether loneliness might explain associations between chronic illness and subsequent depressive

symptoms.
Methods

We used English Longitudinal Study of Ageing data, a prospective cchort of adults over 50. Our
exposure was chronic illnesses (wave two) including arthritis, cance~, dia"~etes, cardiovascular
disease, stroke, and chronic obstructive pulmonary disease. Lonelit,><~ scores were a mediator on
the short University of California, Los Angeles Loneliness Scal 2 .. wve three. Depressive symptom
scores (outcome) were measured using the Centre for Epiue.niciogic Studies Depression Scale (wave
four). We examined associations of chronic physical illness v.'th loneliness and depressive symptoms

in univariable and multivariable regression models.
Results

Fully-adjusted models included 2,436 pz-ticipants with the depression outcome and 2,052
participants with the loneliness outcorre. “hronic physical illness was associated with 21% (incident
rate ratio = 1.21, 95%Cl = 1.03-1.42) ..-he, depression scores at follow-up. We found no evidence of
an association between chronic paysicalillness and loneliness and therefore did not proceed to

analyses of mediation.

Limitations

More prevalent chronic il...esses could have driven our results, such as cardiovascular disease.
Conclusions

Chronic physical illnesses increase the risk of depressive symptoms in older adults. However, we did
not find any that chronic physical illnesses were associated with an increased risk of subsequent
loneliness. Therefore, interventions targeting loneliness to reduce depression in older adults with

chronic physical illness may be insufficient.



Introduction

Depression is a leading cause of global disability and affects around 322 million people worldwide
(1). Depression is common among older adults and there is evidence that rates are rising in this age
group (2,3). Despite its high prevalence and burden in older adults, there are few population-based
interventions to prevent depressive symptoms in this age group (4-6). (7)(7)(7)Several chronic
physical illnesses are associated with an increased risk of future depressive symptoms (8), including
cardio-metabolic diseases, cancer, chronic obstructive pulmonary disease (COPD), and arthritis (9—
13). However, the mechanisms underlying this association are unclear. The risk of developing these
chronic physical illnesses increases with age (14,15). Understanding the mechanisms linking chronic
physical illness with depressive symptoms in older adults coula oad to potential targets for
preventative interventions. There are various biological mechanisi.>s tt at could underlie associations
between chronic physical iliness and depressive symptoms (1.\. Fc r example, physiological changes
such as elevated inflammation and altered cortisol lev-'s (ould mediate associations between
cardiovascular disease and depression, (16—18). However, . ~.ver studies have examined psychosocial
factors that could mediate associations between ctirc.iic physical illness and depressive symptoms,

such as loneliness.

Loneliness refers to the emotional experienc - of perceiving fewer or insufficient meaningful social
relationships than desired (19). Loneliness s distinct from social isolation, which is an objective lack
of social connections (20). In the UK, a.cunu 18% to 27% of older adults report feelings of loneliness
(21,22). The National Academiez of _ciences, Engineering, and Medicine recently highlighted
loneliness and social isolation s ri.~ior public health risks in older adults (7). Evidence suggests that
heightened feelings of lonei.~es; are associated with an increased future risk of depressive
symptoms (22-24). Th~re ‘s al,o evidence that loneliness increases the risk of subsequent chronic
physical illnesses (25-28). I owever, there is a lack of research examining whether chronic physical
illness is associated with subsequent loneliness (7). For example, a cross-sectional study reported
high levels of loneliness in older adults with chronic illnesses but did not examine whether this was
due to illness or other factors (29). A chronic physical illness could limit mobility and functioning, and
reduce participation in social activities or opportunities for meaningful contact , causing social
isolation and loneliness (30). The experience of ongoing treatment or lifestyle changes could also
contribute to loneliness, even in the absence of social isolation. Therefore, loneliness is a potential
mechanism through which chronic physical health problems increase the risk of depressive
symptoms. To our knowledge, no study has examined the extent to which loneliness might explain

associations between chronic physical illness and depressive symptoms in later life.



We conducted a prospective cohort study to investigate the association between chronic physical
illness and depressive symptoms, and the potential mediating role of loneliness among older adults.
We hypothesised that chronic physical illness would be associated with a greater risk of subsequent
loneliness. We also expected that loneliness would account for part of the association between

chronic physical illness and later depressive symptoms.

Methods

Study design and participants

We used data from the English Longitudinal Study of Ageing (EL%A,. EL3A is an ongoing nationally
representative cohort of adults over the age of 50 that began ., 20u. (wave one) (31). ELSA collects
socioeconomic, psychological, health, biological, and gec..ctic data through interviews,
qguestionnaires, and nurse visits. The core ELSA samojle was recruited from households that
participated in the 1998, 1999, and 2001 Health Survey fur k. sland, with a household and individual
response rate of 70% and 67%, respectively. There h.ve been nine waves of data collection over 15
years, with intervals of around two years be ... 2ei. waves. Refreshment samples were recruited at
waves three, four, and six to ensure that the “ull age range remained represented. Compared with
the national census, ELSA is representativ. of the non-institutionalised general population aged 250
residing in the UK (31). Wave one includr.d 12,099 participants with a mean age of 65 (SD 10.75). The
London Multicentre Research Et'ics Committee provided ethical approval for ELSA, and all
participants provided informed co. sent. We started our study at wave two (2004-2005) as this was

when ELSA first recorded lonei.ness in 9,432 participants (82.8% of wave one sample).

Outcome: Depressive symp :oms

Depressive symptoms were measured at all waves using the short Centre for Epidemiologic Studies
Depression Scale (CES-D) (32). The short CES-D is reliable and valid in population-based samples of
older adults (33,34). It contains eight items on depressive symptoms over the past week with a
dichotomised yes or no response. We removed one item on loneliness (‘1 felt lonely’) to avoid
inflating associations with the loneliness scale, consistent with prior studies (22). Total scores on the
seven-item CES-D scores ranged from zero to seven. We used total scores at wave four as a
continuous outcome to reflect the reality of depressive symptoms as a continuum and maximise

statistical power (35). We did not use depression scores at wave three as this was the same time



point as the mediator (loneliness) and temporality between mediator and outcome strengthened

causal inferences.

Exposure: Chronic physical illness

Our main exposure was self-reported chronic physical illness at wave two. We chose chronic physical
illnesses that were associated with depressive symptoms in existing longitudinal studies, and likely
to impact social functioning (8—13), potentially leading to loneliness (7). These included arthritis,
cancer, diabetes, cardiovascular disease, stroke, and COPD. Cardiovascular diseases included
arrhythmia, myocardial infarction, congestive heart failure, angina, 2nu “eart murmur. We created a
binary variable indicating the presence or absence of any chroni. nkysical illness due to relatively

low numbers in some of the illness categories.

We excluded participants with any existing chronic p!> rsicc' health condition at wave one. This
reduced variation in the timing of disease onset and th: possibility that loneliness preceded rather
than followed the exposure (i.e., reverse causatior.' to strengthen causal inferences. However, we
included people with chronic physical health coi diticns at wave one in a sensitivity analysis to check
whether their exlcusions potentially impactea ~ur main findings. These sensitivity analyses included
a categorical exposure variable with four I ‘els (no illness at waves one or two, illness at wave one
only, illness at wave two only, and illne: s 7.nd waves one and two). For example, a participant who
developed arthritis by wave one ar..! dianetes by wave two would still be included in this sensitivity
analysis (illness at waves one a..1 tv"2). Physical illness type and multimorbidity could also influence
associations with depressiv~ sy~ptoms and loneliness (8-13). We defined multimorbidity as the
presence of more tha . an. ~'ironic physical illness at wave two, consistent with previous studies
(36). We created an ordiral multimorbidity variable with three levels (no illness, single illness,

multiple illnesses) for a sensitivity analysis.

Mediator: Loneliness

Loneliness was measured from wave two onwards using the short version of the University of
California, Los Angeles Loneliness Scale (R-UCLA) (37). It included three items: “how often do you
feel you lack companionship?”, “how often do you feel left out?” and “how often do you feel
isolated from others?”. Responses were scored from 1 (hardly ever or never) to 3 (often), with total

scores ranging from 3 (lowest) to 9 (highest). The scale has high validity and is internally consistent



(38). We used loneliness scores as a quasi-continuous variable at wave three so there was
temporality from exposure and outcome to strengthen causal inferences. We entered the scale as a
continuous variable as it maximises statistical power (35) and more closely represents the reality of

loneliness existing on a spectrum than a binary variable.

INSERT FIGURE 1

Confounders

We selected confounding variables based on previous findings \??) and theoretical assumptions,
summarized using directed acyclic graphs (Supplementary Mat rial,, Figure 2). We identified a set of
confounders to estimate the direct effect of the expost.. a1 the outcome (path a, Figure 1) and
mediator (path b): age, sex, ethnicity, marital status (unma. ‘ed or married or equivalent), education
(no, intermediate, or degree and above qualificat.ors) wealth (non-pension wealth in quintiles),
employment status (employed or unemployc. including retired), body mass index (BMI)
(continuous kilograms/metres?), physical -tiv.ty (self-reported frequency of light, moderate, or
vigorous intensity physical activity, as .~tegorised in previous ELSA studies (39)), smoking status
(never, previous, or current), alcohol u,e :~<s than monthly, once or twice a month, once or twice a
week, or most days), wave two dey.re_-ive symptoms (CES-D without loneliness item at wave two),
cognitive performance (global ~ogni.ive functioning score, including memory, verbal fluency,
cognitive speed, attention, ard tin > orientation), polygenic risk scores for depression and loneliness,
and wave two loneliness ‘R-UCLA at wave two). All confounding variables were measured at wave
two. See Supplementary “Aaterials Methods 1 for additional details on the measurement and

derivation of cognitive performance and polygenic risk scores.

Analysis

We described categorical variables using frequencies with percentages, and continuous variables
using means with standard deviations. We describe the models in the analyses below as path a or b
according to Figure 1. First, we ran traditional regression models to investigate each path as this is
recommended as the first step in mediation analyses (40). When assessing path b we used loneliness
scores at wave three (hypothesised mediator) as the outcome. If there was evidence of an

association, we aimed to assess loneliness scores as a mediator of the association between chronic



physical illness (exposure) and depressive symptoms (outcome) using causal mediation analyses
based on the potential outcomes framework (40). A previous study has already demonstrated an
association of loneliness (mediator) and depressive symptoms (outcome) (path c¢) in ELSA (22). The
causal assumptions of mediation are that there is evidence of an association between 1) exposure
and outcome; 2) exposure and mediator; and 3) mediator and outcome. If we did not find evidence

of these associations after all adjustments, we are unable to progress to causal mediation analyses.

Main analysis

We first investigated associations between chronic physical illness and depressive symptoms (path
a). We used negative binomial regression models with chronic phvsical illness (wave two) as the
exposure and depressive symptoms (wave four) as a continuou. n1'¢ccome. We then investigated
path b using negative binomial regression models with chreni. obysical illness as the exposure and
loneliness scores (wave three) as a continuous outcor... vcriable. We used negative binomial
regression because the discrete depressive symptom ana . -neliness scores were positively skewed
and there was evidence of over-dispersion (s:e Supplementary Materials, Figures 4-6 for

distributions and dispersion parameters).

We ran univariable, partially and fully adjus.~d models for path a and b models. The partially
adjusted models contained all confounders ~xcept for physical activity, BMI, and baseline versions of
the outcome (depressive symptoms for | at 1 a and loneliness for path b). We entered these variables
separately as they could mediate | ~ther than confound associations. Adjusting for the wave two
loneliness and depression scot.< rcduces the risk of confounding. However, these variables could
also be mediators given ou~ as_*.nptions that chronic physical illness may influence loneliness and
depressive symptoms .'/e \ “eLented our results with (assuming they are confounders) and without
(assuming they are mediatr rs) adjustments for these variables. Negative binomial regression models
produce coefficients on the log scale. We exponentiated these coefficients as incident rate ratios
(IRR), which are interpretable as percentage changes in depressive symptom or loneliness outcome

scores.

Mediation models examine how much of the exposure-outcome association (total effect) is
attributable to a mediator (indirect effect). We aimed to establish associations in path a and b,
which we assumed were necessary conditions for mediation. If there was evidence of associations
for paths a and b, we aimed to investigate the full mediation model using causal mediation analysis

(40). Causal mediation models operate within a potential outcome framework whereby the aim is to



estimate the difference between counterfactual outcomes (i.e., the presence or absence of

depressive symptoms) as the averaged causal effect (40).

Sensitivity analyses

We assessed associations of multimorbidity at wave two with depressive symptoms (path a, Figure
1) and loneliness (path b, Figure 1) by repeating models with an ordinal exposure variable based on
number of physical conditions. We conducted additional sensitivity analyses to test the robustness
of our main findings. These included re-running the main analysis using an exposure variable with
four levels that included participants who had an existing chronic nhy_ical illness at wave one. We
re-ran the path a model with the original short-form CES-D scale it} eight items to compare with
our modified seven-item scale without the loneliness item. We alsc re-ran path a and b models after
imputing data for missing outcome and confounding ve..ohles. We used imputation models as a
sensitivity analysis, to check whether missing data due to « ‘rition influenced our main findings. We
used multiple imputation models with chained eqiat.ons to generate 25 datasets. We pooled the
results from 25 datasets together with correcte ! standard errors according to Rubin’s rules. The
multiple imputation model included all coi.“ouv i1ding, exposure, and outcome variables used in the

main and sensitivity analyses.

Results
Participant characteristics

We outline the full proces. »f sample selection in Supplementary Figure 1. We excluded participants
with existing chronic physical illnesses reported at wave one (n = 4,639 out of 9,432), to examine
physical illnesses that had begun more recently at wave two, leaving 4,793 participants. Of these,
2,436 (51%) had complete data on all variables used to investigate path a and 2,052 (43%) path b.
We provide the descriptive statistics of the sample overall, and according to chronic physical illness
at wave two (n=858). We compared participant characteristics of those included and excluded from
our complete case samples in Supplementary Table 1. Arthritis (n = 385 cases) and cardiovascular
disease (n = 243 cases) were the most common chronic physical illnesses at wave two, and a full
breakdown of illness type is available in Supplementary Materials Table 2. Mean depression scores
were 1.11 (SD = 1.59) at wave two, 1.01 (SD = 1.52) at wave three, and 0.95 (SD = 1.49) at wave four.

Mean loneliness scores were 3.91 (SD = 1.35) at wave two, 4.00 (SD = 1.42) at wave three, and 4.01



(SD = 1.43) at wave four. Depressive symptom and loneliness scores were moderately correlated at

waves two (r = 0.37), three (r = 0.39), and four (r = 0.39).

INSERT TABLE 1

Main analysis

We present associations between chronic physical illness and depressive symptoms (path a) in Table
2 and associations of chronic physical illness with loneliness scrres ‘path b) in Table 3. In the
univariable model, there was evidence that having a chronic physic~l il'ness was associated with 36%
(IRR =1.36, 95%Cl = 1.18, 1.56) higher depression scores at fol.~w-up, compared with no illness. The
fully adjusted models indicated that having a chronic phy~...~l i.'ness was associated with a 21% (IRR

=1.21,95%Cl = 1.03, 1.42) increase in depressive symptom _-.ores at follow-up.

We found no evidence of an association between ci."an’c physical illness at wave two and loneliness
scores at wave three (Table 3) in univariable (IRi = 1.02, 95%Cl = 0.97, 1.07) or fully adjusted models

(IRR =1.00, 95%CI = 0.94, 1.07). Consequently, ‘e did not proceed with the mediation analysis.

Table 2. Associations of chronic ph, -ical illness with depressive symptoms (path a)

Model Re.crence N Incident 95% P-value
category rateratio  Confidence
intervals
Univariable No physical 2,436 1.36 1.18, 1.56 <0.001
illness
Partially adjusted * 1.27 1.06, 1.52 0.008
Partially adjusted * 1.24 1.02,1.49 0.027
Fully adjusted® 1.21 1.03, 1.42 0.029

All models use chronic physical illness as the exposure.



! Adjusted for age, sex, marital status, employment status, ethnicity, wealth, alcohol use, smoking
status, cognitive performance, polygenic risk of depression, polygenic risk of loneliness, and wave

two loneliness score.

2 Adjusted for age, sex, marital status, employment status, ethnicity, wealth, alcohol use, smoking
status, BMI, physical activity, cognitive performance, polygenic risk of depression, polygenic risk of

loneliness, and wave two loneliness score.

? Adjusted for age, sex, marital status, employment status, ethnicity, wealth, alcohol use, smoking
status, BMI, physical activity, cognitive performance, polygenic risk of depression, polygenic risk of

loneliness, wave two depressive symptom score, and wave two lonei. ess score.

Table 3. Associations of chronic physical iliness with lonelir. “ss scores (path b)

Model Reference N . cident 95% P-value
category rateratio  Confidence
intervals
Univariable No illness N 2,052 1.02 0.97,1.07 0.333
Partially adjusted’ 1.01 0.95, 1.07 0.852
Partially adjusted’ 1.01 0.95, 1.07 0.864
Fully adjusted® ' 1.00 0.94,1.06 0.961

All models use chronic Ehy?fal illness as the exposure.

1 Adjusted for age, sex, marital status, employment status, ethnicity, wealth, alcohol use, smoking
status, cognitive performance, polygenic risk of depression, polygenic risk of loneliness, and wave

two depressive symptom score

2 Adjusted for age, sex, marital status, employment status, ethnicity, wealth, alcohol use, smoking
status, BMI, physical activity, cognitive performance, polygenic risk of depression, polygenic risk of

loneliness, and wave two depressive symptom score.



? Adjusted for age, sex, marital status, employment status, ethnicity, wealth, alcohol use, smoking
status, BMI, physical activity, cognitive performance, polygenic risk of depression, polygenic risk of

loneliness, wave two depressive symptom score, and wave two loneliness score.

Sensitivity analysis

There were 96 (2%) participants with two or more chronic physical illnesses at wave two, indicating
multimorbidity. There was evidence of an association between multimorbidity and depressive
symptoms in the univariable model (IRR = 2.04, 95%CI = 1.49, 2.80, n = 2,436) but not in the adjusted
model (IRR = 1.14, 95%CI = 0.78, 1.66, n = 2,436) (Supplementary Tahle ?). There was no evidence of
an association between multimorbidity and loneliness in univariak = ('RR = 1.06, 95%Cl = 0.93, 1.22,

n =2,052) or adjusted (IRR = 0.97, 95%Cl = 0.81, 1.15, n = 2,052 mcdels (Supplementary Table 4).

Using the exposure variable that includes wave one and * ~vo ¢ ata, compared with no illness at either
wave there was an association between illness at wave une ouly (IRR = 1.25, 95%Cl = 1.14, 1.35, n =
4,711), illness at wave two only (IRR = 1.21, 95%(C! - 1.5, 1.39, n = 4,711), and illness at waves one
and two (IRR = 1.33, 95%Cl = 1.13, 1.56 n = 4,711) and depressive symptoms, in adjusted
multivariable models (Supplementary Table 5, There was no evidence of an association between
loneliness and illness at wave one only (IRk - 1.00, 95%Cl = 0.97, 1.03, n = 3,887), illness at wave two
only (IRR =1.00, 95%Cl = 0.95, 1.06, n = .837), and illness at waves one and two (IRR = 1.01, 95%Cl =
0.95, 1.09, n = 3,887) compared w."h no illness at either wave in adjusted models (Supplementary

Table 6).

There was evidence of ar ass>ciation between chronic physical illness and depressive symptoms
when using the full CES-L =cale (including the loneliness item) in crude (IRR = 1.44, 95%Cl = 1.28,
1.62, n = 2,436) and adjusted models (IRR = 1.18, 95%Cl = 1.04, 1.14, n = 2,436). The results of the
main analysis were also consistent in full sample models with imputed missing confounder and

outcome data (Supplementary Table 7).

Discussion
Main findings

We conducted a large, prospective cohort study of older adults, to examine the association between

chronic physical iliness and depressive symptoms, and the potential mediating role of loneliness. We



found that depressive symptoms were 21% higher in people with a chronic physical illness compared
to those without. However, we found no evidence of an association between chronic physical illness
and subsequent loneliness among older adults. This suggests that loneliness is unlikely to contribute
to the association between chronic physical health problems and depressive symptoms. There was
no evidence that these associations differed according to physical illness type or the presence of

multimorbidity.

Our finding that chronic physical illness was associated with an increased risk of depressive
symptoms in older adults is consistent with previous findings including for cardio-metabolic diseases,
cancer, COPD, and arthritis (8-13). Interpreting whether effect sizes are meaningful in clinical or
public health terms is complex and depends upon several factors in.'uding the Minimal Clinically
Important Difference and the prevalence of exposure and outcom. Gi'.en that depressive symptoms
are common in the general population, a relative increase of 2.'% ir the exposed group is likely to be
meaningful. Demonstrating the association with a combir -4 ¢ >ronic physical illness exposure could
indicate shared underlying mechanisms that may increas. *he risk of depression. The risk of most
chronic physical illnesses increases with age (14,15’, 2.ad our findings suggest that older adults who
receive these diagnoses are at an elevated risk ~f depressive symptoms. Promoting awareness of
this in primary and secondary care could ‘mp ove prevention, early detection, and treatment of

depressive symptoms in older adults.

Our findings indicate that chronic physica illness does not increase the risk of depression among
older adults by increasing lonelinc s in his sample. These results suggest that reducing loneliness
among older adults with chroni« povsical illness may not prevent future depression. However, older
adults reporting loneliness mc« s:ill benefit from interventions to reduce loneliness as it can still

cause other adverse oi'*co.nes 22).

Strengths and weaknesses

Strengths of our study include the large population-based sample that allowed us to assess temporal
associations for our proposed mediation model. The repeated measures also allowed for baseline
adjustments to reduce the possibility of reverse causation. We tested the robustness of our main
findings with several sensitivity analyses, including multiple imputation models to reduce attrition
bias. The rich selection of measures in ELSA also allowed us to adjust for a broad range of

confounders.



There were several weaknesses of our study. Most of the cases in our sample were either arthritis (n
= 385) or cardiovascular disease (n = 243). The experiences of these conditions may have driven our
results and limited the inferences we could make about other chronic physical illnesses, such as
stroke (n = 44) and COPD (n = 69). This also limited our statistical power for investigating illness type
as an effect modifier. Whilst self-reported measures of chronic physical illness could introduce
measurement error, evidence suggests that the self-reported prevalence of chronic physical illnesses
at wave one in ELSA was comparable with the Global Burden of Disease study estimates for the UK,
such as for arthritis (30.1% versus 31%) and COPD (5.5% versus 3.9%) (45). Other factors could also
influence how a chronic physical illness might affect feelings of loneliness or depression, such as

disease severity, progression, or nature of the treatment.

Measurement error could also have affected our outcome as w. us:d a short CES-D scale rather
than clinical interviews. Although self-reported measures 1>duca observer bias, there may be
differences with clinical diagnoses of major depressive “isc.der. However, self-report measures
reduce observer bias. There is also high agreement .-*ween self-report and medical record
diagnoses for mental and physical health condition, Ir population-based studies (46,47). The use of
CES-D scales allowed us to assess symptom sc erity on a continuum, which is a more realistic
representation of depressive symptoms. 'J/e emoved the loneliness item to create a modified
version of the CES-D in this study. How =ver, previous studies using this approach have found that
the CES-D maintains good internal cor.si.“ency before and after removing the loneliness item and

findings do not differ depending on .. 0iesence or absence of this item (22).

There was attrition and system~tic Jifferences between the sample we used for analyses and the full
ELSA cohort may have led to L:3s. Our main findings were consistent in datasets with imputed data,
which indicate that sel~cticn bias is unlikely to have substantially affected our models. However, we
only imputed data from w: ve two, and there could still have been selection bias due to the 17%
attrition from wave one. There could also be systematic differences from the Heath Survey for
England sample who chose to participate, as ELSA only achieved around a 70% response rate. There
are some situations where selection bias can distort associations. For example, if the exposure (i.e.,
chronic physical illness) and outcome (i.e., depressive symptoms) influence recruitment or
retainment in ELSA, it can introduce spurious correlations when assessing associations between
these two variables via collider bias (48). We may have also induced collider bias in our main findings
from excluding participants with an existing chronic physical illness from wave one and thereby
conditioning on a physically healthier subsample. However, our main findings were comparable
when including all wave two participants in a sensitivity analysis model comparing people with and

without illnesses at waves one and two.



Conclusions

We found that chronic physical illness increases the risk of depressive symptoms in older adults, but
no evidence that this occurs through loneliness in this study. Healthcare workers in primary and
secondary care settings should recognise that older adults who receive chronic physical health
diagnoses are at an elevated risk of depressive symptoms and may require additional support.
However, interventions targeting loneliness may not reduce depression in older adults with chronic
conditions and clinicians and public health professionals should consider other approaches. Future
studies could investigate other psychosocial pathways through whic» chronic physical iliness
increases the risk of depression, such as the experience of long-ter.n .~eacments or reduced social
participation. Research could also investigate whether chronic i'ii. ~sses influence loneliness at

certain severities, such as impairing physical functioning.
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Figure 1. Proposed mediation model




Table 1. Wave two sample characteristics by chronic physical iliness

No Chronic physical  Chronic physical
Characteristic Overall, N = 4,793

illness, N = 3,935 iliness, N = 858

Sex

Male

Female

Marital status

Unmarried

Married or equivalent

Education

Higher (degree or above)

Intermediate (school or college

qualifications)

No formal qualifications

Employment

Unemployed or ret’, ~d

Employed

Wealth

1 (least wealthy)

2,201 (46%)

2,592 (54%)

1,135 (24%)

3,657 (76%)

707 (13%)

2,218 (52%)

1,522 (33%)

2,662 (56%)

2,082 (44%)

567 (13%)

746 (18%)

909 (22%)

924 (22%)

1,791 (46%)

2,144 (54%)

88 (23%)

3,045 (77%)

609 (16%)

2,037 (53%)

1,213 (31%)

2,057 (53%)

1,837 (47%)

408 (12%)

590 (17%)

755 (22%)

782 (23%)

410 (48%)

448 (52%)

246 (29%)

612 (71%)

98 (12%)

411 (50%)

309 (38%)

605 (71%)

245 (29%)

159 (20%)

156 (20%)

154 (20%)

142 (18%)



No Chronic physical  Chronic physical

Characteristic Overall, N = 4,793

iliness, N = 3,935 illness, N = 858

5 (wealthiest) 1,057 (25%) 886 (26%) 171 (22%)
Alcohol use
Most days 1,661 (40%) 1,413 (41%) 248 (34%)

Once or twice a week
Once or twice a month

Less than monthly/none in last

1,138 (27%)

491 (12%)

930 (27%)

399 (11%)

208 (29%)

93 (13%)

904 (22%) 7.7 171%) 177 (24%)
year
Smoking
Previous or current smoker 2,806 (60%) 2,286 (60%) 520 (65%)
Never smoked 1,836 (40%) 1,550 (40%) 286 (35%)
Age in years 63,70) 62 (10) 66 (10)
Total cognitive function score 20 (6) 30 (6) 28 (7)
Body Mass Index (kg/m?) 27.5 (4.6) 27.4 (4.6) 27.8 (4.5)
Wave two depressive sympt-m
1.21(1.72) 1.13 (1.67) 1.61 (1.90)
score (range 0-8)
Wave two depressive sym tom
score without loneliness item 1.11 (1.59) 1.04 (1.54) 1.48 (1.73)
(range 0-7)
Wave two loneliness score (range
3.91(1.35) 3.89 (1.33) 3.99 (1.47)

3-9)

Categorical variables are presented as n (%) and continuous variables as means (standard deviation)



Highlights

- Chronic physical illness increases the risk of depression but the mechanisms
underlying this relationship are unknown, which limits the scope of interventions

- We found that loneliness is not a mediator of the relationship between chronic
physical illness and depression in our analysis

- Interventions aiming to reduce the risk of depression in people with chronic physical
iliness should target other factors that loneliness



