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Abstract

Background. Different aspects of social relationships (e.g., social network size or loneliness)
have been associated with dementia risk, while their overlap and potentially underlying path-
ways remain largely unexplored. This study therefore aimed to (1) discriminate between dif-
ferent facets of social relationships by means of factor analysis, (2) examine their associations
with dementia risk, and (3) assess mediation by depressive symptoms.
Methods. Thirty-six items from questionnaires on social relationships administered in Wave 2
(2004/2005) of the English Longitudinal Study of Ageing (n = 7536) were used for exploratory
and confirmatory factor analysis. Factors were then used as predictors in Cox proportional
hazard models with dementia until Wave 9 as outcome, adjusted for demographics and car-
diovascular risk factors. Structural equation modeling tested mediation by depressive symp-
toms through effect decomposition.
Results. Factor analyses identified six social factors. Across a median follow-up time of 11.8
years (IQR = 5.9–13.9 years), 501 people developed dementia. Higher factor scores for fre-
quency and quality of contact with children (HR = 0.88; p = 0.021) and more frequent social
activity engagement (HR = 0.84; p < 0.001) were associated with lower dementia risk. Likewise,
higher factor scores for loneliness (HR = 1.13; p = 0.011) and negative experiences of social
support (HR = 1.10; p = 0.047) were associated with higher dementia risk. Mediation analyses
showed a significant partial effect mediation by depressive symptoms for all four factors.
Additional analyses provided little evidence for reverse causation.
Conclusions. Frequency and quality of social contacts, social activity engagement, and feel-
ings of loneliness are associated with dementia risk and might be suitable targets for dementia
prevention programs, partly by lowering depressive symptoms.

Introduction

Dementia is an ongoing public health concern that will affect 153 million people worldwide by
2050 (Nichols et al., 2022). Global efforts to lower the number of future cases are twofold and
consist of developing curative treatments as well as identifying behavioral targets for primary
prevention and risk reduction. In this regard, research into modifiable risk factors has gained
momentum, and it is suggested that a substantial proportion of future dementia cases could
theoretically be delayed or prevented by addressing such factors (Livingston et al., 2020).
Potential targets include the management of health conditions, such as hypertension, obesity,
and hearing loss, but also lifestyle-related factors, including physical inactivity, unhealthy diet,
or low social contact (Deckers et al., 2015; Livingston et al., 2020).

With regard to the latter, research suggests that different aspects of social relationships may
be protective against cognitive decline and dementia. For example, studies have shown that
people who frequently engage in social leisure activities or are members of clubs/organizations
have a lower risk of developing dementia, independent of other dementia risk factors
(Almeida-Meza, Steptoe, & Cadar, 2021; Duffner et al., 2022). Similarly, larger social networks,
higher quality of social relationships, and lower levels of loneliness and social isolation have
been associated with lower dementia risk (Amieva et al., 2010; Kuiper et al., 2015; Samtani
et al., 2022). Some of those ‘social relationship constructs’ are ill-defined, based on face validity
and highly overlapping, but so far, no studies have addressed this potential overlap psychomet-
rically by studying the existence of overarching latent constructs.
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Insight into possible pathways of the association between social
relationship factors and dementia risk may help identify the most
beneficial ‘social targets’ and is thus of major relevance for the
design of future prevention programs and health initiatives.
However, relatively few studies have addressed the putative causal
structure between different social relationship factors and dementia
risk. For instance, while socio-emotional factors, such as depressive
symptoms, have been suggested as potential mediators of the asso-
ciation between social relationship factors and dementia risk, no
study has formally tested these pathways (John, Patel, Rusted,
Richards, & Gaysina, 2019; Qiao et al., 2022). This also includes
the possibility of reverse causation, in that impending dementia
is the cause rather than the result of changes in social relationships
(Bielak & Gow, 2022; Floud et al., 2021).

There is thus a need to examine which and how social relation-
ship factors might explain dementia risk. The current study,
therefore, aims to identify meaningful constructs of social rela-
tionships using factor analysis (research question 1); to examine
the association between identified constructs and incident demen-
tia (research question 2), and to determine whether depressive
symptoms mediate these associations (research question 3).
It also aims to assess the possibility of reverse causation between
identified factors and incident dementia (research question 4).

Methods

Study design and participants

Study participants were drawn from the English Longitudinal
Study of Ageing (ELSA), a multi-center, observational cohort
study launched in 2002 (Steptoe, Breeze, Banks, & Nazroo,
2013a). Data collection took place in bi-annual waves and
included information about health status, socioeconomic position,
social well-being, lifestyle, and cognition. Details about the sam-
pling procedure and data collection have been published previ-
ously (Steptoe et al., 2013a). Participants have been initially
selected to be representative of the general English population
aged 50 years and older. The current study used data from
Wave 2 (2004/2005) as baseline, as this is the first wave where
an in-depth assessment of social relationship variables was con-
ducted. Participants were followed up biannually until Wave 9
(2018/2019), resulting in a maximum observational period of 15
years. Of the initial 8780 participants, those with prevalent
dementia at baseline (until Wave 2; n = 45) and without follow-up
(n = 1199) were excluded. The analytical sample thus included
7536 participants. All participants provided their informed con-
sent and the ELSA data collection protocol was approved by the
National Research Ethics Service, in accordance with the
Declaration of Helsinki.

Measures

Dementia ascertainment
Dementia was ascertained by a combination of either self-
reported physician-diagnosed dementia (possible/probable
Alzheimer’s disease or an unspecified subtype) or a score of
3.38 or higher on the Informant Questionnaire on Cognitive
Decline in the Elderly (IQCODE; Jorm, 1994). In the IQCODE,
a close contact person of the participant rates changes (from 1-
much improved to 5-much worse) in everyday cognitive function-
ing over a period of two years, based on 16 questions (e.g., ‘Ability
to remember what day/month it is compared to last interview’),

responses to which are averaged to arrive at the final rating.
The IQCODE has been well-validated across several populations
and has shown good psychometric properties with regard to the
chosen cutoff. More specifically, the IQCODE has been found
to discriminate between people with a clinical diagnosis of
dementia and those without with a sensitivity of 0.80 and a spe-
cificity of 0.84 (Quinn et al., 2021).

Social relationship items
A set of 36 items pertaining to various aspects of social relation-
ships, including loneliness, was selected for factor analysis from
questionnaires administered at Wave 2 based on their use in the
operationalization of several social constructs in previous ELSA
publications (Duffner et al., 2022; Fancourt, Steptoe, & Cadar,
2020; Khondoker, Rafnsson, Morris, Orrell, & Steptoe, 2017;
Rafnsson, Orrell, D’Orsi, Hogervorst, & Steptoe, 2020). Table 1
contains an overview of all included items, along with the over-
arching constructs used in such previous studies. Items were
phrased either in a dichotomous (yes/no) fashion or on a Likert
scale with four to six response options.

Depressive symptoms
The eight-item version of the Center for Epidemiological Studies–
Depression (CES-D) questionnaire was used to assess depressive
symptoms. The CES-D assesses affective and somatic symptoms
in the general population and has shown excellent psychometric
properties (Radloff, 1977). Items are rated in a dichotomous man-
ner and then added up, resulting in a theoretical range of 0–8,
with higher scores indicating more symptoms related to depres-
sion. A detailed overview of the symptoms assessed by the
CES-D is included in online Supplementary Table 1.

Demographics and health conditions
Baseline age and gender were used as covariates in all analyses.
Furthermore, we incrementally controlled for the socioeconomic
and cardiovascular risk factors outlined below. The selection of cov-
ariates was based on a pragmatic choice of factors having a known
association with both social relationship factors and dementia.

Education. Self-reported levels of education (i.e., the highest
educational level achieved) were clustered into high (college/uni-
versity education), medium (ordinary level or secondary educa-
tion), and low (no formal education).

Wealth. Household net-wealth was estimated by subtracting
open payments and mortgages from all self-reported possessions,
including the value of the participant’s home, physical wealth, and
other assets. Tertiles were subsequently created, representing high,
medium, and low wealth.

Coronary heart disease. Self-reported, diagnosed angina pec-
toris, or myocardial infarction up to Wave 2 were used as mea-
sures of coronary heart disease. Both measures were collected
retrospectively at the Wave 3 (2006/2007) assessment.

Hypertension. A combination of self-reported, diagnosed
hypertension (assessed retrospectively at Wave 3), and mean sys-
tolic and diastolic blood pressure, measured at the Wave 2 nurse
visit, were used. In line with guidelines of the World Health
Organization and the International Society of Hypertension, a
mean systolic blood pressure of ⩾140 mmHg or mean diastolic
blood pressure of ⩾90 mmHg were regarded as indicative of
hypertension (Unger et al., 2020; Whitworth, 2003).

Diabetes. Self-reported, diagnosed type-1 or type-2 diabetes or
high blood glucose levels (assessed at Wave 3) or a blood glycated
hemoglobin level of ⩾6.5% (48 mmol/mol) at the Wave 2 nurse
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Table 1. Items assessing social relationship factors as presented in the ELSA Wave 2 dataset, along with their operationalization in previous ELSA publications

Construct
Item
name Description Measurement scale

Having a partner (Fancourt
et al., 2020)

SCPTR Whether has a husband, wife or partner with whom they live Dichotomous (yes/no)

Social isolation (Rafnsson
et al., 2020; Steptoe et al.,
2013b)

SCCHDG How often the respondent meets up with their children Seven-point Likert scale from 0
(never) to 6 (three or more
times per week)SCCHDH How often the respondent speaks on the phone to their children

SCCHDI How often the respondent writes to or emails their children

SCFAMG How often the respondent meets up with other relatives

SCFAMH How often the respondent speaks with other relatives on the phone

SCFAMI How often the respondent writes to or emails other relatives

SCFRDG How often the respondent meets up with their friends

SCFRDH How often the respondent speaks with their friends on the phone

SCFRDI How often the respondent writes to or emails their friends

SCORG09 Organizational membership: none Dichotomous (yes/no)

Social activities (Duffner
et al., 2022)

SCACTA How often respondent goes to the cinema Six-point Likert scale from 1
(never) to 6 (twice per month or
more)SCACTB How often respondent eats out of the house

SCACTC How often respondent goes to an art gallery or museum

SCACTD How often respondent goes to the theatre, a concert or the opera

WPACTVW Whether volunteered last month Dichotomous (yes/no)

Social support by children
(Khondoker et al., 2017)

SCCHDA How much the children understand the way the respondent feels
about things

Four-point Likert scale from 1
(not at all) to 4 (a lot)

SCCHDB How much the respondent can rely on their children if they have a
problem

SCCHDC How much the respondent can open up to their children about their
worries

SCCHDD How much their children criticize the respondent

SCCHDE How much their children let the respondent down when they are
counting on them

Social support by other
family (Khondoker et al.,
2017)

SCFAMA How much do family members understand how respondent feels
about things

Four-point Likert scale from 1
(not at all) to 4 (a lot)

SCFAMB How much respondent can rely on other relatives if they have a
serious problem

SCFAMC How much respondent can open up to these other relatives if they
need to talk

SCFAMD How much other relatives criticize the respondent

SCFAME How much other relatives let the respondent down

Social support by friends
(Fancourt et al., 2020;
Khondoker et al., 2017)

SCFRDA How much these friends understand how respondent feels about
things

Four-point Likert scale from 1
(not at all) to 4 (a lot)

SCFRDB How much respondent can rely on these friends if they have a serious
problem

SCFRDC How much respondent can open up to these friends if they need to
talk

SCFRDD How much these friends criticize the respondent

SCFRDE How much these friends let the respondent down

Loneliness (Rafnsson et al.,
2020; Steptoe et al., 2013b)

SCFEELA How often respondent feels they lack companionship Three-point Likert scale from 1
(hardly ever or never) to 3
(often)SCFEELB How often respondent feels left out

SCFEELC How often respondent feels isolated from others

SCFEELD How often respondent feels in tune with the people around them

PSCEDE Whether respondent felt lonely much of the time during the past week Dichotomous (yes/no)
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visit were used in conjunction for inferring diabetes (World
Health Organization, 2011).

Statistical analysis

Baseline differences in demographic characteristics between people
with and without dementia were assessed using t-tests or χ2-tests.

Factor analyses
To study the overlap between different social relationship mea-
sures and to identify meaningful latent constructs (i.e.,
data-reduction; research question 1), factor analyses were con-
ducted in Mplus (Muthén & Muthén, 2017). For this, we first fol-
lowed an unrestrained (exploratory factor analysis; EFA)
approach, with the goal of identifying a maximum number of
social constructs. Based on the results of this EFA, we then con-
ducted a confirmatory factor analysis (CFA). Unlike EFA, where
items are allowed to load across all factors, CFA imposes further
restrictions. More specifically, items were initially restrained to
load only the factors with the highest factor loadings in EFA.
While in a traditional sense, a CFA may imply the replication
of findings in a different sample, here we refer to a factor analysis
with the imposition of further restrictions in the same sample.

In both EFA and CFA, model fit was assessed through χ2

values, the root mean square error of approximation (RMSEA),
the comparative fit index (CFI), and the non-normed fit index
(i.e., Tucker–Lewis Index; TLI). A non-significant χ2 value,
RMSEA ⩽0.07 and CFI and TLI ⩾0.90 were used as indicative
of acceptable model fit for both exploratory and confirmatory fac-
tor analyses (Hooper et al., 2008).

Exploratory factor analysis. After the examination of zero-
order correlations, all social relationship items were imported into
Mplus (Muthén & Muthén, 2017). Given the expected non-
orthogonal (i.e., interrelated) factor structure, an OBLIMIN rotation
was chosen. The minimally significant factor loading for an item to
be retained was set to |0.4|, reflecting a rather liberal approach in
conformity with previous studies (Peterson, 2000). Items below
this threshold were dropped iteratively, starting with the
lowest-loading item, and loadings were re-examined after removal.
Eigenvalues were then examined, and factor solutions with a
value of ⩾1.0 were retained for individual inspection. Following a
parsimonious approach, the solution with the lowest number of fac-
tors that was theoretically sound and had an acceptable model fit
was subsequently used for confirmatory factor analysis.

Confirmatory factor analysis. The EFA factor solution was then
tested in a CFA. In this CFA, depression was included as a latent
factor, comprised of the eight items of the CES-D, to reduce
measurement error. With the aim of improving model fit, modi-
fication indices were inspected, and cross-loadings or residual
correlations between individual items were added wherever this
was also theoretically sound. Weighted least square means and
variance (WLSMV) adjusted estimators were chosen in light of
the individual items being measured on both nominal and ordinal
scales. Factor scores were then created and standardized into
z-scores (mean = 0, standard deviation = 1) for use as predictors
in further analyses. In case of missing values for individual
items, factor scores were estimated based on all other available
information.

Cox proportional hazard regression
To study associations between the social relationship constructs
identified by factor analysis and incident dementia (research

question 2), Cox-proportional hazard regression analyses
(survival analysis) were conducted. More specifically, factor
z-scores generated by the CFA were used as main predictors in
the survival analyses, resulting in hazard ratios (HRs) and
their 95% confidence intervals (CI’s). Incident dementia up to
Wave 9 was regarded as failure event, and cases were recorded
at every wave. Survival time was defined as period from the
start of the observation period (i.e., the Wave 2 interview) until
the time dementia was reported or until censoring (i.e., the
last available interview). The midpoint between the previous
and last available Wave was chosen as date of diagnosis.
Covariates were added incrementally, starting with a minimally
(age and gender) adjusted model (Model 1), with additional
adjustments for education (Model 2), wealth (Model 3), and
cardiovascular risk factors (hypertension, coronary heart disease,
and diabetes; Model 4). The fully adjusted model (Model 4)
thus included all socio-demographic and cardiovascular risk
factors.

The proportional hazard assumption was assessed both
numerically using Schoenfeld residuals (Schoenfeld, 1982) and
through visual inspection of clog–log plots. As ELSA participants
could also be selected from the same household, we additionally
adjusted for household clusters using a sandwich estimator.
Furthermore, baseline cross-sectional weights were used to reduce
selection bias by back-weighting estimates from the analytical
sample to the full ELSA sample. The threshold level for
statistical significance was chosen at p⩽ 0.05 using two-sided
tests. Survival analyses were conducted in Stata (StataCorp,
2021; version 17).

Structural equation modeling (mediation analyses)
Next, we examined whether depressive symptoms may explain
the association between social relationship factors and incident
dementia (research question 3). First, standardized factor scores
of the depression factor as derived from CFA were added to
Model 4 of the survival analyses as continuous variable, and
changes in HRs and their p-values examined. Whenever (partial)
mediation was suggested in these additional survival analyses,
structural equation modeling was used to decompose associations
into total, direct, and indirect (depression-mediated) associations.
In these mediation analyses, we controlled for the same
covariates as in Model 4 of the survival analyses. The percentage
of effect mediation was calculated by dividing the total
indirect effect estimates by those of the total effect. Structural
equation modeling was conducted in Mplus (Muthén &
Muthén, 2017).

Assessing the possibility of reverse causation
The possibility of reverse causation (research question 4) was
assessed in three ways. First, we added a composite score of base-
line cognition as an additional covariate to Model 4 of the survival
analyses. This entailed averaging z-scores of tests of memory
(delayed recall of a word list), semantic fluency (animal naming),
and temporal orientation. Next, we excluded people who devel-
oped dementia in the first 24 months after baseline. This step
was subsequently repeated for dementia cases of the first 48
months. Finally, the analytical sample was stratified based on
follow-up times (⩽5 years v. >5 years), and the main analyses
were repeated for each follow-up stratum separately. In view of
the resulting reduction in sample sizes and thus statistical
power, only changes in HRs (rather than levels of significance)
were assessed.
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Results

Sample characteristics

At baseline, participants were on average 66.3 years old (S.D. = 9.7)
and 55.5% were female. Across a median follow-up time of 11.8
years (IQR = 5.9–13.9 years), 501 people developed dementia
(67.9 cases per 10 000 person-years, 95%CI 62.2–74.1 cases).
Compared to people who did not develop dementia during the
study period, those who did were significantly older (t = 19.1;
p < 0.001), more likely to be female (χ2 = 6.3; p = 0.012), had
lower education (χ2 = 49.0; p < 0.001) and net-wealth (χ2 = 25.1;
p < 0.001), more likely had hypertension (χ2 = 21.4; p < 0.001),
coronary heart disease (χ2 = 27.0; p < 0.001) and diabetes
(χ2 = 11.5; p = 0.003), and reported more depressive symptoms
(t = 5.0; p < 0.001). Table 2 contains a summary of sample char-
acteristics stratified by dementia status. An overview of incident
dementia cases per study Wave is presented in online
Supplementary Table 2.

Factor analysis of social relationship items (research question 1)

Step 1 – EFA. There were 58 people with missing information on
all social relationship items and were thus excluded from the EFA.
Zero-order correlations between individual items ranged from

0 to |.8|. After inspection of eigenvalues >1.0, as well as visual
inspection of the scree plot for points of inflexion, the 6-, 7-,
8-, and 9-factor solutions were retained for further scrutiny.
Online Supplementary Table 3 contains the fit indices of all exam-
ined solutions. One item (‘How often respondent feels in tune with
the people around them’) had a factor loading below the threshold
of |.4| for all solutions and was not included in further analyses.
A 7-factor solution showed adequate model fit (RMSEAEFA =
0.061; CFIEFA = 0.93; TLIEFA = 0.89). Standardized factor loadings
for this solution are presented in online Supplementary Table 4.
Items relating to meeting up with/speaking on the phone with
children and other families cross-loaded on factors reflecting
positive experiences of support with the respective relationship
type. For contact with friends, this was not the case, but all
items pertaining to contact with friends loaded on a single factor.
In the subsequent CFA, those items were loaded on only one fac-
tor specific to relationship type, in order to aid interpretability.

Step 2 – CFA. The structure of the resulting six-factor model
was as follows; Three factors related to items on both frequency
of contact and positive experiences of social support with children
(factor called: Fchildren), other family (Ffamily), and friends
(Ffriends). Items relating to the engagement in social leisure activ-
ities loaded on a fourth factor (Factivity). Finally, items pertaining
to negative experiences of social support (regardless of

Table 2. Baseline (Wave 2–2004/2005) characteristics of ELSA participants, stratified by incident dementia status up to Wave 9 (2018/2019)

Overall sample No dementia Dementia p-Value

N 7536 7035 501

Age, mean (S.D.) 66.3 (9.7) 65.8 (9.5) 74.1 (8.7) <0.001a

Sexb

Male, n (%) 3353 (44.5) 3157 (44.9) 196 (39.1) 0.012a

Female, n (%) 4183 (55.5) 3878 (55.1) 305 (60.9)

Educationb

Low, n (%) 2583 (34.3) 2345 (33.3) 238 (47.5) <0.001a

Medium, n (%) 1647 (21.9) 1557 (22.1) 90 (17.9)

High, n (%) 2788 (37.0) 2656 (37.8) 132 (26.4)

Missing, n (%) 518 (6.9) 477 (6.8) 41 (8.2)

Wealth tertileb

Low, n (%) 2384 (31.6) 2177 (40.0) 207 (41.3) <0.001a

Medium, n (%) 2639 (35.0) 2475 (35.2) 164 (32.7)

High, n (%) 2513 (33.4) 2383 (33.9) 130 (26.0)

Missing, n (%) N/A N/A N/A

Hypertension, n (%)b 3026 (40.2) 2772 (39.5) 247 (49.9) <0.001a

Missing, n (%) 124 (1.7) 116 (1.7) 8 (1.6)

Coronary heart disease, n (%)b 923 (12.5) 825 (11.7) 98 (19.6) <0.001a

Missing, n (%) 383 (5.1) 357 (5.1) 26 (5.2)

Diabetes, n 332 (4.4) 301 (4.3) 31 (6.2) 0.003a

Missing, n (%) 457 (6.1) 413 (5.6) 44 (8.9)

Depressive symptoms, mean (S.D.) 1.6 (0.02) 1.5 (0.02) 2.0 (0.10) <0.001a

Missing, n (%) 122 (1.6) 104 (1.5) 18 (3.6)

aStatistically significant ( p⩽ 0.05).
bDue to rounding, percentages may not add up to 100.
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relationship type) and feelings of loneliness loaded on factors
Fneg.exp. and Floneliness, respectively. The model fit of this solution
was suboptimal (RMSEA = 0.10; CFI = 0.62; TLI = 0.60). Model
modification indices suggested the addition of cross-loadings
between items relating to contact frequency between relationship
types, as well as between contact frequency and social activity
items, incorporation of which significantly improved model fit
(RMSEA = 0.04; CFI = 0.93; TLI = 0.92). Depression was then
included as additional latent factor using all items of the CES-D
(Fdepression). The item ‘Whether respondent felt lonely much of
the time during the past week’ was cross-loaded on both
Floneliness and Fdepression. This final 7-factor (six social factors
plus Fdepression) solution showed good fit (RMSEA = 0.04; CFI =
0.93; TLI = 0.92). Figure 1 contains a simplified visual depiction
of the factor structure derived from CFA. Subsequent analyses
involving Fchildren, Ffamily and Ffriends were restricted to those
reporting to have children (n = 5881), other family (n = 6285),
and friends (n = 6464), respectively.

Associations between social relationship constructs and
incident dementia (research question 2)

Multivariable Cox regression then studied the relation between
the social relationship factors and incident dementia (Table 3).
Higher z-scores of Fchildren were associated with lower dementia
risk (Model 4: HR = 0.88; 95%CI 0.79–0.98; p = 0.021), as were
higher z-scores of Factivity (Model 4: HR = 0.84; 95%CI 0.74–
0.94; p < 0.001). In contrast, higher z-scores of Floneliness (Model
4; HR = 1.13; 95%CI 1.03–1.25; p = 0.011) and Fneg.exp. (Model
4: HR = 1.10; 95%CI 1.00–1.20; p = 0.047) were associated with
higher dementia risk. Neither of the other two social factors sig-
nificantly predicted dementia risk in Model 4.

Mediation by depressive symptoms (research question 3)

Structural equation modeling identified significant indirect effects
(mediation) by depressive symptoms (Fdepression) for Fchildren
(40.7% mediation; HR = 0.82; p = 0.006), Factivity (50.7% medi-
ation; HR = 0.84; p = 0.010), Fneg.exp. (47.6% mediation; HR =
1.16; p = 0.009), and Floneliness (78.8% mediation; HR = 1.49; p =
0.016; online Supplementary Figures 1-4).

In the opposite direction (i.e., using the individual factor
scores as mediators), no significant indirect (mediated) effects
of depressive symptoms via Fchildren, Factivity, Fneg.exp., or
Floneliness on incident dementia were observed (results not shown).

The possibility of reverse causation (research question 4)

The results observed in the Cox proportional hazard regression
remained virtually unchanged after adding baseline cognition
and excluding incident dementia cases of the first 24 and 48
months. When assessing those with ⩽5 and >5 years of follow-up
separately, associations remained directionally similar, though
significant only for those with >5 years of follow-up for z-scores
of Factivity. In the analyses only including those with ⩽5 years of
follow-up, associations were not statistically significant and atte-
nuated for z-scores of Fchildren and Floneliness. For z-scores of
Factivity, an inverse association was found (HR = 1.13) in those
with ⩽5 years of follow-up. Detailed results of analyses for
assessing the possibility of reverse causation can be found in
Table 4.

Discussion

In this study, we examined the presence of different social rela-
tionship constructs and their associations with incident dementia
across 15 years of follow-up in the general English population.
Factor analysis suggested six distinct social relationship factors.
Higher scores on factors pertaining to the frequency and the qual-
ity of contact with children, social leisure activity engagement, as
well as lower scores on factors concerning negative experiences of
social support and loneliness were associated with lower dementia
risk. These associations were independent of age, gender, educa-
tion, wealth, and cardiovascular risk factors. Furthermore,
for all four factors, associations were partly mediated by
depressive symptoms. In additional analyses aiming to assess
the possibility of reverse causation, associations remained largely
unchanged.

Social relationship factors and dementia risk

The finding that the quality and quantity of contact with the
respondent’s children (as opposed to other family and friends)
was predictive for incident dementia aligns with some studies sug-
gesting the potential protective role of some structural aspects of
intergenerational contact for cognition and dementia risk
(Fratiglioni, Wang, Ericsson, Maytan, & Winblad, 2000; Meister
& Zahodne, 2022; Zahodne, Ajrouch, Sharifian, & Antonucci,
2019). Other studies also found associations between contact
with family and/or friends and cognitive decline and dementia
(Meister & Zahodne, 2022; Sharifian, Kraal, Zaheed, Sol, &
Zahodne, 2020; Sommerlad, Sabia, Singh-Manoux, Lewis, &
Livingston, 2019; Zahodne et al., 2019). While directionally simi-
lar, these associations were not significant in the current study. In
general, a disaggregation of social relationship types, as suggested
by our factor analysis and in line with the social convoy model
(Antonucci, Ajrouch, & Birditt, 2014), may be useful in light of
the different functions and resources offered by different people
in someone’s social network (Antonucci et al., 2014; Gurung,
Taylor, & Seeman, 2003; Meister & Zahodne, 2022; Sharifian
et al., 2021).

The finding that more social leisure activity engagement was
associated with lower dementia risk aligns with a growing body
of literature suggesting its potential role in curbing age-related
cognitive decline and lowering dementia risk (Duffner et al.,
2022; Su et al., 2022). Likewise, the finding that lower levels of
negative experiences of social support and loneliness were asso-
ciated with lower dementia risk, is in line with some studies
(Khondoker et al., 2017; Kuiper et al., 2015). However, evidence
for the role of loneliness as a risk factor for dementia is generally
more mixed. This may be due to heterogeneity in study popula-
tions and the operationalization of loneliness (Kuiper et al.,
2015; Penninkilampi, Casey, Singh, & Brodaty, 2018; Qiao et al.,
2022; Samtani et al., 2022).

Notably, we found little evidence for reverse causation. A large
prospective study with modestly longer follow-up times of up to
20 years suggested that reverse causation might explain the asso-
ciation between social leisure activity engagement and dementia
(Floud et al., 2021). In that study, authors found weaker associa-
tions with longer follow-up duration, which was not the case in
ELSA. It was, however, conducted in a women-only cohort,
which may hamper comparability with the current study.
Likewise, while Floud et al. (2021) did include a range of activities
with a social component (e.g., attending groups for art, craft, or
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Figure 1. Simplified diagram of factor structure derived from confirmatory factor analysis of items pertaining to social relationship factors and depression in ELSA. Squares represent measured variables and circles indicate latent
variables. Single headed arrows indicate variables loading on another variable. Double-headed arrows represent statistically significant correlations. All factor loadings are standardized. Note: for reasons of visibility, correlations
between residuals of individual items are not shown.
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music), the only overlap with activities included in the current
study was voluntary work.

Another study assessed reverse causation in the association
between trajectories of loneliness and cognition using cross-
legged panel models. While cognition predicted changes in lone-
liness, there was no evidence for the pathway being the other way
around (Okely, Deary, & Gutchess, 2019). However, in the current
study, adding baseline cognition as a covariate or excluding inci-
dent dementia cases of the first 24 and 48 months did not weaken
associations between the social relationship factors and incident
dementia. Also splitting follow-up time, while lowering the num-
ber of incident cases per stratum and thus reducing statistical
power, was not suggestive of reverse causation. Yet, in light of
the observational nature of the current study, the possibility of
reverse causation can never be entirely disregarded. It must also
be noted that explanations are not mutually exclusive but that a
bi-directional relationship might exist, in which poor social rela-
tionships increase dementia risk while impending dementia low-
ers social participation and contact frequency (Xiang et al., 2021).

Potential socioemotional and neurobiological pathways

The significant associations between the social relationship factors
and dementia risk, as suggested by survival analyses, may align
with the concept of cognitive reserve. This heuristic concept pos-
tulates that life experiences may lead to more flexibility in cogni-
tive processes, which may help maintain mental functioning in
light of neuropathology (Stern, 2002; Stern et al., 2018). In add-
ition to a potential effect on cognition via such functional
mechanisms, different aspects of social relationships may also
be directly related to brain structure. More specifically, larger
social network size, more social support, lower levels of loneliness,
and more social activity engagement have been positively asso-
ciated with brain volumes and microstructural integrity, also in
brain areas implicated in cognitive aging (Duffner et al., 2023).

This study also explored a potential indirect socioemotional
pathway by which social relationship factors may affect dementia
risk, in addition to the postulated direct effects on brain structure
and function. Specifically, mediation analyses showed that a sig-
nificant proportion of the association between identified social
relationship factors and dementia risk was explained by differ-
ences in depressive symptoms, ranging from 41% for contact
with children to 79% for loneliness. While the role of social rela-
tionships in mood regulation, including the prevention and treat-
ment of depression, has been recognized by the scientific
community, this study is the first to structurally assess this in rela-
tion to long-term dementia risk (Campos-Paíno et al., 2023; Lee,
Lee, & Yu, 2022). Social relationships serve as a source of instru-
mental, informational, and emotional support and may thus play
a role in actively coping with psychological distress and depressive
symptoms. Some studies proposed a potential ‘social buffering’ of
the hypothalamic-pituitary-adrenocortical (HPA) axis, which is
suggested to be especially responsive to psychological stressors
(Hennessy, Kaiser, & Sachser, 2009). Long-term exposure to
such stressors, in turn, has been associated with Alzheimer’s dis-
ease pathology (Bisht, Sharma, & Tremblay, 2018). However, dif-
ferent types of chronic stressors (e.g., poverty) have also been
identified as risk factors for depression itself (Chung et al.,
2018; McDonald, Thompson, Perzow, Joos, & Wadsworth,
2020). In addition, depressed individuals also show a heightened
vulnerability to psychological stressors in general, which may cre-
ate a vicious cycle (Leonard, 2010). While some studies haveTa
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suggested a potential mediating role of social relationship factors
in the association between broader life stressors and depression,
their potential role in breaking such a vicious cycle, also in light
of dementia risk, should be further examined in future studies
(McDonald et al., 2020).

Implications and further directions

This study adds to the theoretical foundation concerning the
interconnectedness of social relationship constructs and their
potential pathways to dementia. In addition to this, it may also
have practical implications. Our findings support the idea that
dementia risk reduction programs might benefit from addressing
broader socioemotional factors, such as feelings of loneliness as
well as social activity engagement and intergenerational contact,
in addition to a brain-healthy lifestyle in general. The stimulation
of social interaction has also become a central element in ongoing
multi-component lifestyle intervention trials, such as worldwide
equivalents of the Finnish Geriatric Intervention Study to
Prevent Cognitive Impairment and Disability (WW-FINGER;
Kivipelto et al., 2013, 2020). The specific contribution of social
relationship factors in such trials, however, should be subject to
further research, as should be the identification of subpopulations
that could benefit most from a more socially active lifestyle.
Furthermore, social relationships are likely subject to change
over time. To better capture such changes, studies with multiple
measurement points over an extended period of time are
necessary. Taking such a life-course perspective of social relation-
ships may help identify possible ‘windows of opportunity’ for
prevention.

Strengths and limitations

This study has several strengths, including a large cohort that is
representative of the general English population and a long
follow-up. Social relationship factors were derived from compre-
hensive factor analysis rather than face validity or single items,
and putative mediation was tested in structural equation model-
ing. Yet, it also has some limitations. Firstly, most data used in
the current study is based on self-report, which can be subject
to social desirability and other sources of information bias

(Althubaiti, 2016). This may also concern information about
dementia status and, even though in the current study we resorted
to a combination of self- and informant-report, the number of
people with dementia within ELSA may still be underestimated.

Furthermore, due to missing values on some covariates, the
sample in the Cox analyses was restricted to those with complete
information on included variables. However, comparisons
between those with and without missing information did not sug-
gest the selection of a generally healthier sample. Notably, missing
information on the main predictors could be restricted to those
with missing values on all of the social relationship items included
in the factor analysis (n = 58), as otherwise missing factor scores
were imputed in factor analysis by means of maximum likelihood.

Next, model selection following EFA and CFA was, in part,
based on known fit indices. The appropriateness of such scaled
indices in models using WLSMV estimators has been questioned.
More specifically, it has been proposed that they may be too lib-
eral and likely to not identify model-data misfit, especially when
data is of a categorical nature (Xia & Yang, 2019). Given the
absence of viable alternatives, a factor analytical approach to
studying social relationship constructs may still be superior to
merely relying on face validity.

Lastly, the associations between factor scores and incident
dementia might have been driven by variables not considered in
the current analyses, such as mobility factors, occupational com-
plexity, or parental socioeconomic status.

Conclusion

In the current study, the frequency and quality of social relation-
ships were associated with lower dementia risk and may be suit-
able targets for dementia risk reduction initiatives in addition to
social activity engagement. Mediation analyses suggested that
these factors are partly associated with dementia risk via depres-
sive symptoms. Additional analyses provided little evidence for
reverse causation.

Supplementary material. The supplementary material for this article can
be found at https://doi.org/10.1017/S0033291724001272.

Data availability statement. ELSA data is freely accessible via the UK data
service (https://beta.ukdataservice.ac.uk/datacatalogue/series/series?id=200011)

Table 4. Analyses assessing the possibility of reverse causation

Original model
(HR)a

Adding baseline
cognition (HR)

Excluding cases of <24
months (HR)a

Excluding cases of <48
months (HR)a

Splitting up FU-time
(HR)a

⩽5
years >5years

Fchildren
b 0.88c 0.87c 0.87c 0.89 0.94 0.89

Ffamily
d 0.94 0.92 0.92 0.91 1.15 0.93

Ffriends
e 0.97 0.96 0.97 0.96 1.11 0.97

Factivity 0.84c 0.83c 0.83c 0.80c 1.13 0.80c

Fneg.exp. 1.10c 1.12c 1.11c 1.07 1.16 1.08

Floneliness 1.13c 1.15c 1.14c 1.13c 1.06 1.11

Abbreviations: HR, hazard ratio; FU, follow-up.
aModel 4;
bSample restricted to those reporting to have children;
cStatistically significant ( p⩽ 0.05);
dSample restricted to those reporting to have other family;
eSample restricted to those reporting to have friends.
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