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Summary
Background Social health markers, including marital status, contact frequency, network size, and social support, have 
been shown to be associated with cognition. However, the mechanisms underlying these associations remain poorly 
understood. We investigated whether depressive symptoms and inflammation mediated associations between social 
health and subsequent cognition.

Methods In the English Longitudinal Study of Ageing (ELSA), a nationally representative longitudinal study in 
England, UK, we sampled 7136 individuals aged 50 years or older living in private households without dementia at 
baseline or at the intermediate mediator assessment timepoint, who had recorded information on at least one social 
health marker and potential mediator. We used four-way decomposition to examine to what extent depressive symptoms, 
C-reactive protein, and fibrinogen mediated associations between social health and subsequent standardised cognition 
(verbal fluency and delayed and immediate recall), including cognitive change, with slopes derived from multilevel 
models (12-year slope). We examined whether findings were replicated in the Swedish National Study on Aging and 
Care in Kungsholmen (SNAC-K), a population-based longitudinal study in Sweden, in a sample of 2604 individuals 
aged 60 years or older living at home or in institutions in Kungsholmen (central Stockholm) without dementia at 
baseline or at the intermediate mediator assessment timepoint (6-year slope). Social health exposures were assessed at 
baseline, potential mediators were assessed at an intermediate timepoint (wave 2 in ELSA and 6-year follow-up in 
SNAC-K); cognitive outcomes were assessed at a single timepoint (wave 3 in ELSA and 12-year follow-up in SNAC-K), 
and cognitive change (between waves 3 and 9 in ELSA and between 6-year and 12-year follow-ups in SNAC-K).

Findings The study sample included 7136 participants from ELSA, of whom 3962 (55·5%) were women and 
6934 (97·2%) were White; the mean baseline age was 63·8 years (SD 9·4). Replication analyses included 
2604 participants from SNAC-K, of whom 1604 (61·6%) were women (SNAC-K did not collect ethnicity data); the 
mean baseline age was 72·3 years (SD 10·1). In ELSA, we found indirect effects via depressive symptoms of network 
size, positive support, and less negative support on subsequent verbal fluency, and of positive support on subsequent 
immediate recall (pure indirect effect [PIE] 0·002 [95% CI 0·001–0·003]). Depressive symptoms also partially 
mediated associations between less negative support and slower decline in immediate recall (PIE 0·001 [0·000–0·002]) 
and in delayed recall (PIE 0·001 [0·000–0·002]), and between positive support and slower decline in immediate recall 
(PIE 0·001 [0·000–0·001]). We did not observe mediation by inflammatory biomarkers. Findings of mediation by 
depressive symptoms in the association between positive support and verbal fluency and between positive support 
and change in immediate recall were replicated in SNAC-K.

Interpretation The findings of this study provide new insights into mechanisms linking social health with cognition, 
suggesting that associations between interactional aspects of social health, especially social support, and cognition are 
partly underpinned by depressive symptoms.
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Introduction
Social health, an umbrella term encompassing aspects of 
social relationships, ranging from the individual level to 

wider sociocultural factors,1 is increasingly recognised as 
a crucial component of health across the life course but 
especially in older age. Multiple aspects of social health, 
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such as marital status, social isolation, and loneliness, 
have been linked with diverse health-related outcomes, 
including mental health,2 cardiovascular disease,3 and 
mortality.4 Distinct markers of social health have also 
been associated with subsequent cognitive decline and 
dementia.5,6 Our previous cross-cohort research revealed 
that positive aspects of social health were associated with 
lower risk of dementia7 and with better subsequent 
cognitive functioning, including slower cognitive decline, 
in people without dementia.8 Structural social health 
markers, such as marital and cohabitation status, 
network size and frequency of contact,6,9 and interactional 
aspects of social health, such as perceived social support,5 
have been shown to be associated with cognitive 
outcomes and dementia risk.

However, substantial gaps remain in understanding 
the mechanisms underpinning the relationships 
between social health and cognition. Several pathways 
have been posited to underlie these relationships, 
including depressive symptoms, given the potential for 
social relationships to provide feelings of security and 
emotional support and to buffer against stress.10 In line 

with this, social disconnectedness and perceived isolation 
have been shown to have bidirectional relationships with 
depression and anxiety in older people,11 and psychiatric 
symptoms are, in turn, associated with increased risk of 
cognitive decline and dementia.12 Both late-life depression 
and social isolation were identified as modifiable risk 
factors in the Lancet Commission on dementia 
prevention, intervention, and care.13

Inflammation has also been proposed as a pathway 
that could underlie associations between social health 
and cognition. Chronic inflammation has been 
implicated in a range of age-related health conditions.14 
Berkman and colleagues15 suggested that physiological 
pathways, including inflammation, are key mechanisms 
through which social relationships influence subsequent 
health outcomes, and that the stress associated with 
social disconnectedness could lead to accelerated ageing. 
In addition, the social bonding pathway proposed by 
Perry and colleagues16 posits that having a cohesive 
network of close ties can have downstream benefits for 
the neuroendocrine system, thereby positively affecting 
cognitive ageing. Social health markers, such as social 
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Research in context

Evidence before this study
Previous studies have shown links between social health markers, 
including marital status and social support, and subsequent 
cognition. However, the mechanisms underlying these 
relationships are underexamined, including the potential roles of 
depressive symptoms and inflammation. We searched PubMed 
for studies published from database inception until Oct 19, 2023, 
using terms pertaining to “social relationships”, “cognition”, 
“depression” or “inflammation”, and “mediation”. We retrieved 
507 papers, with eight relevant studies identified. Although 
several previous studies indicated a possible mediating role of 
depressive symptoms, these studies were cross-sectional or had 
relatively short follow-up periods (4–10 years), and few studies 
examined cognitive change over time. Studies examined a variety 
of social health markers, including loneliness, friendship, 
cohabitation, and social support, but all focused on global 
cognition rather than individual cognitive domains. Few studies 
examined inflammation as a mediator, and findings of these 
studies were mixed. Two studies found no evidence of mediation 
by inflammatory biomarkers in associations between loneliness 
and cognition, whereas another study found that inflammatory 
biomarkers mediated the association between social isolation 
and cognition in men only. To clarify these relationships, further 
research is needed involving representative samples and longer 
follow-up periods, including a wider range of social health 
markers and individual cognitive domains, for which distinct 
relationships may be present. 

Added value of this study
We investigated the mediating role of depressive symptoms 
and inflammation in associations between social health and 

subsequent cognition in two cohort studies: the English 
Longitudinal Study of Ageing and the Swedish National Study 
on Aging and Care in Kungsholmen. Our findings provide new 
insights into the mediating roles of depressive symptoms and 
inflammation in the relationships between multiple structural 
and interactional social health markers and subsequent 
cognition. In one of the first longitudinal investigations in 
this area, we show that depressive symptoms are a pathway 
through which social health, particularly positive and 
negative aspects of social support, could influence 
subsequent cognition, including cognitive trajectories. In 
contrast, inflammatory biomarkers (C-reactive protein and 
fibrinogen) were not found to mediate associations between 
social health and cognition. We examined whether findings 
were replicated across two longitudinal studies, allowing 
more robust inference and comparison of findings across 
settings.

Implications of all the available evidence
Taken together, these findings indicate that interactional 
aspects of social health, especially social support, may have 
positive effects on cognition, partly by helping to reduce 
depressive symptoms. In contrast, our findings do not 
support inflammation as a mediator, although further 
research is needed to examine a wider range of inflammatory 
biomarkers. These insights into underlying mechanisms could 
contribute to the development of interventions and 
preventive strategies targeting social health, with potential 
downstream benefits for mental health and cognitive 
functioning in older people. 
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isolation and loneliness, have been associated with 
inflammatory biomarkers,17 including with C-reactive 
protein (CRP), an acute phase protein, and with 
fibrinogen, a crucial aspect of coagulation, both of which 
are markers of systemic inflammation and have been 
implicated in ageing-related processes. Inflammatory 
biomarkers have, in turn, been linked with increased risk 
of cognitive decline and implicated in the pathophysiology 
of dementia.18

However, there is sparse evidence to date of the 
possible mediating roles of depressive symptoms or 
inflammation in the relationships between social health 
and cognitive functioning. Although several previous 
studies have indicated a possible mediating role of 
depressive symptoms,19–23 most of these studies were 
cross-sectional. Previous longitudinal studies have also 
shown evidence of mediation. For instance, the Irish 
Longitudinal Study on Ageing21 found that depressive 
symptoms, but not anxiety, mediated the association 
between loneliness and subsequent cognitive 
functioning, although the direct effect was larger than 
the indirect effect. A further study using data from the 
National Social Life, Health and Aging Project19 also 
showed that depressive symptoms mediated associations 
between loneliness and subsequent general cognitive 
ability. However, these studies had relatively short 
follow-up periods (4–10 years) and focused on 
assessments of cognition at a single timepoint, rather 
than cognitive change. Previous studies also examined a 
variety of social health markers, including loneliness,19,21 
friendship,20 cohabitation,22 and social support,23 and 
mainly focused on global cognition rather than 
individual cognitive domains. As a result, the literature 
to date does not provide comprehensive insight into 
whether social health markers are associated with 
subsequent cognition in general or whether domain-
specific effects are present.24 Researchers have 
highlighted the importance of examining social health 
markers in relation to individual cognitive outcomes to 
allow for a more nuanced understanding of possible 
pathways through which social relationships may affect 
cognition,24,25 and the previous literature has been 
critiqued for not examining domain-specific effects of 
social health on cognition.24 Cognitive processes are 
typically dependent on the integrity of specific cortical or 
subcortical regions. Social stimulation might have a 
global influence on the brain, which would be reflected 
in global cognition measures, or could benefit specific 
brain regions, which would be reflected in measures of 
specific cognitive domains. Therefore, examining global 
cognition alone might dilute different patterns of 
association between social health and individual 
cognitive domains.

Previous studies have shown distinct patterns of 
association between individual social health markers 
and cognitive domains.21,24 For instance, having a larger 
social network was associated specifically with better 

executive function and memory in the Sydney Memory 
and Ageing Study.26 Nonetheless, the hypothesis that 
social health markers show distinct relationships with 
individual cognitive domains requires further research 
involving corroboration with neuroimaging data. Fewer 
studies to date have examined inflammation as a 
mediator, with two studies finding no evidence of 
inflammation mediating the association between 
loneliness and cognitive function19,27 and one study 
finding a mediating role of inflammation in the 
association between social isolation and cognition in 
men only.28 These studies were cross-sectional or had 
relatively short follow-up periods and did not examine 
cognitive trajectories, and one study combined 
inflammatory biomarkers with other physiological 
markers.19 Further research is therefore required to 
investigate the mediating role of depressive symptoms 
and inflammation in representative samples using 
longer follow-up periods, including examination of 
cognitive trajectories and a range of social health 
markers and individual cognitive domains. Although 
depressive symptoms and inflammation could mediate 
links between social health and cognition, it is also 
possible that there is interplay between social health, 
depressive symptoms, and inflammation, whereby 
relationships between social health and cognition vary 
according to levels of depressive symptoms or 
inflammation. Further examination of the potential 
interplay between these factors is required.

To address these gaps in knowledge, we used the 
English Longitudinal Study of Ageing (ELSA) to 
investigate whether and to what extent depressive 
symptoms and inflammation mediated or modified 
associations between social health and subsequent 
cognitive functioning, including cognitive trajectories. 
We examined whether findings from ELSA were 
replicated in the Swedish National Study on Aging and 
Care in Kungsholmen (SNAC-K) to ascertain whether 
findings are similar across studies and settings, which 
would thereby enhance confidence in the replicability of 
findings, or whether findings differ, which would suggest 
that a more cautious interpretation may be needed.29 We 
focused on both structural aspects of social health—
including marital and cohabitation status, network size, 
and frequency of contact—and interactional aspects, 
such as perceived social support.

Methods
Study design and participants
In this examination of two European national 
longitudinal studies, we conducted the primary analysis 
using data from ELSA and the replication analysis 
using SNAC-K. ELSA is an ongoing nationally 
representative survey of participants aged 50 years and 
older living in private households in England, UK. 
Participants were initially recruited from households 
that had previously responded to the Health Survey for 
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England from 1998 to 2001. Baseline data for ELSA were 
collected between March 1, 2002, and March 1, 2003 
(individual response rate 67%), with eight subsequent 
waves taking place every 2 years. For this study, we 
included participants without recorded dementia at 
baseline or at any of the intermediate timepoints at 
which mediators were assessed (appendix 2 p 28), and 
who had recorded information on at least one social 
health marker and potential mediator (inflammation or 
depressive symptoms) and three assessments of the 
same cognitive outcome between waves 3 and 9 (with 
the first assessment at wave 3). Ethical approval for all 
ELSA waves was granted by the London Multicentre 
Research Ethics Committee, and all participants 
provided full informed written consent.

SNAC-K is an ongoing population-based longitudinal 
study, which recruited people aged 60 years and older 
living at home or in institutions in Kungsholmen 
(central Stockholm), Sweden. Baseline data were 
collected between March 21, 2001, and Aug 30, 2004. 
3027 (90·0%) of the sample were born in 
Sweden, 101 (3·0%) in Finland, 44 (1·3%) in Germany, 
and 191 (5·7%) in other regions. Younger age cohorts 
(60 to <78 years) were followed up every 6 years and 
older age cohorts (≥78 years) were followed up every 
3 years. SNAC-K was approved by the Ethical Review 
Board in Stockholm, and written informed consent was 
obtained from all participants or from their next of kin. 
For this study, we included SNAC-K data from baseline 
and from 3-year, 6-year, 9-year, and 12-year follow-up 
examinations. Participants with dementia at baseline or 
at the timepoint of mediator assessment were excluded.

Procedures and outcomes
We used comparable measures across ELSA and 
SNAC-K wherever possible, although not all variables 
included in ELSA were available in SNAC-K; hence, the 
replication analysis is limited to available variables. Full 
information about social health exposures, mediators, 
cognitive outcomes, and covariates is provided in 
appendix 2 (pp 36–42).

Social health markers were assessed at baseline in 
ELSA and SNAC-K. Structural social health markers 
included: marital or cohabitation status; network size 
based on the number of children, family, and friends 
with whom participants reported having a close 
relationship (capped at 30 people); and frequency of 
contact with children, friends, and family members in 
person, by telephone, or through writing or email (never 
to every few months, once or twice a month, or at least 
weekly). Interactional social health markers included 
perceived positive social support from partners, children, 
friends, and other family members. For each of these 
relationship types, participants were asked, “How much 
do they really understand the way you feel about things?”, 
“How much can you rely on them if you have a serious 
problem?”, and “How much can you open up to them if 

you need to talk about your worries?”, with each item 
rated as “a lot”, “some”, “a little”, or “not at all”. Items 
were reverse coded and we computed the mean of each 
question across relationship types. Scores were summed 
across questions to generate a total score, with higher 
scores indicating more positive support. To assess 
negative support across the same relationship types, 
participants were asked, “How much do they criticise 
you?”, “How much do they let you down when you are 
counting on them?”, and “How much do they get on your 
nerves?”, with each question rated as “a lot”, “some”, “a 
little”, or “not at all”. We computed the mean of each 
question across relationship types and summed scores to 
generate a negative support variable, with higher scores 
indicating less negative support. We also created a 
composite social health variable, which has been used 
previously in SNAC-K30 and is described in 
appendix 2 (p 38). The composite variable combined 
information on structural markers and interactional 
markers to create an overall variable grouped into tertiles 
based on the distribution (low, moderate, or high social 
health).

Mediators were assessed at an intermediate timepoint 
(wave 2 in ELSA and 6-year follow-up in SNAC-K) 
between social health exposures and cognitive outcomes. 
Depressive symptoms were measured using the eight-
item Center for Epidemiologic Studies Depression 
Scale (CES-D),31 and inflammation (CRP [mg/L] and 
fibrinogen [g/L]) were measured using blood 
concentrations obtained from fasted blood samples. We 
log-transformed CRP for analysis (appendix 2 p 42).

We examined cognitive outcomes at a single timepoint 
(wave 3 in ELSA and 12-year follow-up in SNAC-K), and 
cognitive change (between waves 3 and 9 in ELSA and 
between 6-year and 12-year follow-ups in SNAC-K). 
Cognitive outcomes included verbal fluency and 
immediate recall in ELSA and SNAC-K, and delayed 
recall, which was only available in ELSA; tasks are 
described in appendix 2 (p 36). We selected verbal fluency 
and recall as cognitive outcomes because these are 
important and commonly assessed cognitive domains 
that were available with repeated measurements at 
multiple timepoints after exposure and mediator 
measurement in both datasets. Recall and verbal fluency 
tests are frequently used in neuropsychological assess-
ments of older adults. Impairments in recall and verbal 
fluency are both features of Alzheimer’s disease. Verbal 
fluency has been found to be predictive of progression 
from mild cognitive impairment to Alzheimer’s-type 
dementia,32 and a systematic review and meta-analysis 
found that recall tests were the most effective tests in 
detecting mild cognitive impairment from a range of 
cognitive assessments.33 We standardised each test across 
timepoints and within studies on a common SD-based 
scale, with a mean of 0 and an SD of 1.

Covariates were self-reported and included age (years), 
sex (male or female), educational attainment (lower than 

See Online for appendix 2



Articles

www.thelancet.com/healthy-longevity   Vol 5   May 2024 e360

secondary or none, secondary, or higher education), 
occupational class (manual or non-manual), total non-
pension household wealth quintiles, vascular-related 
health conditions (0 or ≥1), other comorbidities 
(including cancer, chronic lung disease, asthma, arthritis, 
osteoporosis, and Parkinson’s disease; 0 or ≥1), basic and 
instrumental activities of daily living (0 or ≥1), smoking 
status (never smoked, or previous or current smoker), 
physical activity (inactive, moderately active, or vigorous), 
alcohol consumption (not at all in the last year, monthly 
or less, around weekly, or almost daily), self-reported 
hearing ability (excellent or very good, good, or poor), 
baseline cognition (measured using verbal fluency and 
recall tests), and baseline depressive symptoms measured 
using the CES-D. Directed acyclic graphs are presented 
in appendix 2 (pp 29–30).

Statistical analysis
We examined the mediating roles of depressive symptoms 
and inflammation using a causal mediation approach 
based on the counterfactual framework.34 Before 
completing mediation analysis, we examined associations 
between exposures, mediators, and outcomes. We only 
tested for mediation where we observed associations 
between a given exposure and mediator, and between a 
given mediator and outcome.35 We did not require an 
overall exposure–outcome association, as recent method-
ological developments have shown that mediation can be 
examined where there is theoretical interest even when 
there is no significant total effect.36

First, we examined associations between social health 
markers and potential mediators using linear regression 
models. Second, we tested associations of social health 
exposures and mediators with subsequent cognition at a 
single timepoint, and cognitive trajectories derived from 
mixed-effects multilevel models. The date of each 
individual’s interview (month and year) at each wave was 
used as the time metric, centred to date at baseline. To 
enable inclusion in mediation analyses, we extracted 
individual-level predicted slopes as indicators of cognitive 
change over time, expressed as standardised change per 
decade. Associations between exposures, mediators, and 
extracted cognitive trajectories were tested using linear 
regression models before completing mediation analysis. 
We applied three levels of adjustment: first, for age and 
sex; second, adding sociodemographic and health-related 
covariates; and third, further adjusting for baseline 
cognition and depressive symptoms. 

Next, we completed a four-way decomposition of the 
total effect into the controlled direct effect, the reference 
interaction effect, the mediated interaction effect, and the 
pure indirect effect (PIE).37 The controlled direct effect 
refers to the portion of the total effect of social health 
markers on cognitive outcomes that is due to pathways 
not involving depressive symptoms or inflammatory 
markers (neither mediation nor interaction). The 
reference interaction effect is the portion of the total 

ELSA (n=7136) ELSA weighted 
(n=7068)

SNAC-K (n=2604)

Baseline age, years 63·8 (9·4) 63·6 (9·7) 72·3 (10·1)

Sex

Female 3962 (55·5%) 3831 (54·2%) 1604 (61·6%)

Male 3174 (44·5%) 3237 (45·8%) 1000 (38·4%)

Occupational class

Manual 2702 (37·9%) 2755 (39·0%) 441 (16·9%)

Non-manual 4210 (59·0%) 4065 (57·5%) 2087 (80·2%)

Missing 224 (3·1%) 248 (3·5%) 76 (2·9%)

Education

Lower or none 2605 (36·5%) 2604 (36·8%) 359 (13·8%)

Secondary 2053 (28·8%) 2038 (28·8%) 1282 (49·2%)

Higher 1841 (25·8%) 1806 (25·6%) 963 (37·0%)

Other 634 (8·9%) 617 (8·7%) ··

Missing <10 (<0·5%) <10 (<0·5%) ··

Wealth quintile

1 (lowest) 1095 (15·3%) 1105 (15·6%) ··

2 1298 (18·2%) 1286 (18·2%) ··

3 1439 (20·2%) 1437 (20·3%) ··

4 1537 (21·5%) 1526 (21·6%) ··

5 (highest) 1659 (23·3%) 1609 (22·8%) ··

Missing 108 (1·5%) 107 (1·5%) ··

Basic and instrumental activities of daily living

None 3121 (43·7%) 3150 (44·6%) 2189 (84·1%)

At least one 4015 (56·3%) 3918 (55·4%) 338 (13·0%)

Missing ·· ·· 77 (3·0%)

Cardiovascular disease

No 6340 (88·9%) 6294 (89·0%) 1971 (75·7%)

Yes 795 (11·1%) 773 (10·9%) 633 (24·3%)

Missing <10 (<0·5%) <10 (<0·5%) ··

Depression symptoms at baseline (binary)

No depression 6085 (85·3%) 6032 (85·4%) 2159 (82·9%)

Depression 1043 (14·6%) 1026 (14·5%) 370 (14·2%)

Missing <10 (<0·5%) <10 (<0·5%) 75 (2·9%)

Smoking status

Never smoked 2636 (36·9%) 2607 (36·9%) 1171 (45·0%)

Previous or current smoker 4500 (63·1%) 4461 (63·1%) 1420 (54·5%)

Missing ·· ·· 13 (0·5%)

Alcohol intake

Monthly or less (ELSA), no or occasional 
(SNAC-K)

2101 (29·4%) 2084 (29·5%) 800 (30·7%)

Around weekly (ELSA), light-to-
moderate (SNAC-K)

2276 (31·9%) 2261 (32·0%) 1356 (52·1%)

Almost daily (ELSA), heavy drinking 
(SNAC-K)

2064 (28·9%) 2035 (28·8%) 440 (16·9%)

Not at all in last 12 months (ELSA) 694 (9·7%) 686 (9·7%) ··

Missing <10 (<0·5%) <10 (<0·5%) <10 (<0·5%)

Physical activity

Vigorous activity at least once a week 2198 (30·8%) 2174 (30·8%) 680 (26·1%)

Moderate activity at least once a week 3479 (48·8%) 3445 (48·7%) 1321 (50·7%)

Inactive (no moderate or vigorous 
activity)

1456 (20·4%) 1445 (20·5%) 603 (23·2%)

Missing <10 (<0·5%) <10 (<0·5%) ··

(Table 1 continues on next page)
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effect that is due to interaction, but not mediation, and 
the mediated interaction effect is the portion due to both 
interaction and mediation. PIE is the effect only due to 
mediation that does not involve interaction.

Associations between exposures, mediators, and 
outcomes, and mediation analyses are presented overall 
and stratified by sex, given the potential for different 
relationships in men and women. We completed the first 
sensitivity analysis in both datasets, and further 
sensitivity analyses in ELSA only. First, we assessed 
associations with depression as a binary variable in 
associations indicating high levels of depressive 
symptoms (cutoff scores 4 or above in CES-D in ELSA, 
and higher than 6 in the Montgomery–Åsberg Depression 
Rating Scale in SNAC-K) using logistic regression. 
Second, in ELSA, we examined associations after 
excluding participants with CRP levels higher than 
10 mg/L, which may indicate an acute infection or 
serious illness. Finally, we assessed associations after 
survey design weights were applied in ELSA. Replication 
in SNAC-K was examined by qualitative comparison of 
effect estimates and 95% CIs.

We completed all analyses in Stata version 17.0, using 
the Med4way package for four-way decomposition.

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 manuscript.

Results
Baseline characteristics of eligible participants from 
ELSA are presented in table 1 and appendix 2 (p 2). 
In ELSA, of the 11 391 participants aged 50 years and 
older at baseline, 4155 were excluded due to missing data 
on social health markers, mediators, or cognitive 
outcomes and 100 participants were excluded due to 
having recorded dementia at baseline or at any 
intermediate timepoints (appendix 2 p 3). This resulted 
in a final sample of 7136 participants included in the 
analysis. 3962 (55·5%) were women, 6934 (97·2%) were 
White, and the mean baseline age was 63·8 years 
(SD 9·4). The median follow-up time from assessment of 
social health exposures to assessment of cognitive 
outcomes was 14·4 years (IQR 8·5–16·3). Participants 
included in the analysis differed on socioeconomic and 
health-related factors from those excluded; for instance, 
those excluded were more likely to have lower education, 
to be in the lower wealth quintile group, to have 
comorbidities, and to have negative health behaviours.

Before conducting mediation analyses, we examined 
associations between social health and cognition in ELSA 
(tables 2, 3). After partial adjustment, all social health 
markers were associated with cognition across most 
domains; most associations were attenuated and no 
longer significant after full adjustment. However, less 
negative support remained associated with higher verbal 

ELSA (N=7136) ELSA weighted 
(N=7068) 

SNAC-K (N=2604)

(Continued from previous page)

Hearing ability

Excellent or very good 3551 (49·8) 3519 (49·8%) ··

Good 2159 (30·3%) 2140 (30·3%) ··

Fair or poor 1424 (20·0%) 1407 (19·9%) ··

Missing <10 (<0·5%) <10 (<0·5%) ··

Additional comorbidities

None 3824 (53·6%) 3852 (54·5%) ··

One or more 3311 (46·4%) 3214 (45·5%) ··

Missing <10 (<0·5%) <10 (<0·5%) ··

Marital or cohabitation status

Unmarried and alone 1494 (20·9%) 1458 (20·6%) 1297 (49·8%)

Married or cohabiting 5642 (79·1%) 5610 (79·4%) 1304 (50·1%)

Missing ·· ·· <10 (<0·5%)

Contact frequency with family and friends

Never to every few months 3347 (46·9%) 3322 (47·0%) 312 (12·0%)

Once or twice a month 2555 (35·8%) 2519 (35·7%) 1117 (42·9%)

One to three or more times per week 907 (12·7%) 889 (12·6%) 1047 (40·2%)

Missing 327 (4·6%) 338 (4·8%) 128 (4·9%)

Social network size (continuous)

Range 0–30 0–30 ··

Mean 7 (5·3) 7 (5·3) ··

Missing 370 (5·2%) 380 (5·4%) ··

Social network size (categorical)

None 165 (2·3%) 169 (2·4%) 37 (1·4%)

1–2 people 814 (11·4%) 811 (11·5%) 404 (15·5%)

3–6 people 2832 (39·7%) 2785 (39·4%) 1098 (42·2%)

>6 people 2955 (41·4%) 2922 (41·4%) 876 (33·6%)

Missing 370 (5·2%) 380 (5·4%) 189 (7·3%)

Positive support (higher scores indicate more positive support)

Range 0–9 0–9 0–6

Mean 6·8 (1·6) 6·8 (1·6) 5·3 (1·4)

Missing 337 (4·7%) 347 (4·9%) 172 (6·6%)

Negative support (higher scores indicate less negative support)

Range 0–9 0–9 ··

Mean 7·1 (1·4) 7·1 (1·4) ··

Missing 346 (4·9%) 355 (5·0%) ··

Overall social support tertiles

Lowest tertile 2218 (31·1%) 2179 (30·8%) 719 (27·6%)

Middle tertile 2235 (31·3%) 2218 (31·4%) 867 (33·3%)

Highest tertile 2133 (29·9%) 2114 (29·9%) 915 (35·1%)

Missing 550 (7·7%) 557 (7·9%) 103 (4·0%)

Verbal fluency*

Range 0–50 0–50 1–50

Mean 20·1 (6·2) 20·2 (6·2) 21·3 (6·5)

Missing <10 (<0·5%) <10 (<0·5%) <10 (<0·5%)

Rate of decline β† –0·016 
(–0·018 to –0·013)

·· –0·057 
(–0·065 to –0·049)

(Table 1 continues on next page)
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fluency (β=0·02 [95% CI 0·00–0·03]) and with slower 
decline in immediate recall (β=0·005 [0·000–0·009]), 
higher contact frequency was associated with slower 
decline in immediate recall (β=0·014 [0·001–0·026]), and 
positive support was associated with slower decline in 
delayed recall (β=0·007 [0·002–0·012]). 

Depressive symptoms were associated with all social 
health markers after full adjustment, except for contact 
frequency (appendix 2 p 5), and with lower cognitive 
scores and faster decline across domains 
(appendix 2 pp 6–7). Therefore, depressive symptoms 
were tested as potential mediators.

Inflammatory biomarkers were not tested as mediators 
due to their weak association with exposures and 
outcomes.

Mediation analyses were first done with cognitive 
outcomes assessed at a single timepoint. In fully adjusted 
models in ELSA, we found a total effect of network size 
on subsequent standardised verbal fluency of 0·01 
(0·00–0·03), indicating an overall positive effect of larger 
network size on verbal fluency. There was also an indirect 
effect via depressive symptoms of 0·001 (0·000–0·001), 
showing the effect of network size on verbal fluency due 
to mediation but not interaction. The proportion 
mediated was small (0·04; figure 1, appendix 2 pp 8–9). 
We found indirect effects of positive support via 
depressive symptoms on verbal fluency and immediate 
recall of 0·002 (0·001–0·003, proportion mediated 0·14). 
Negative support had a total effect on verbal fluency 
of 0·02 (0·00–0·03), and an indirect effect via 
depressive symptoms of 0·002 (0·00–0·01, proportion 
mediated 0·10). Associations between high overall social 
health (relative to low or middle tertiles) and subsequent 
verbal fluency and immediate recall were partly mediated 
by depressive symptoms (PIE=0·01 [0·00–0·01], 
proportion mediated 0·02). Mediation of associations 
between network size and negative support with recall 
outcomes, and of marital or cohabitation status on 
cognition in all domains, were not observed.

We then did mediation analyses with cognitive 
trajectories as outcomes. We found indirect effects of 
positive support on change in immediate recall via 
depressive symptoms of 0·001 (0·000 to 0·001, 
proportion mediated 0·39; figure 2, appendix 2 pp 10–11), 
a total effect of positive support on change in delayed 
recall of 0·005 (0·001 to 0·009), and a controlled direct 
effect of positive support on change in delayed recall of 
0·005 (0·001 to 0·009). There was no evidence of 
mediation in the association between positive support 
and change in delayed recall. Less negative support had a 
total effect on change in immediate recall of 0·006 
(0·001 to 0·011), with an indirect effect via depressive 
symptoms of 0·001 (0·000 to 0·002, proportion 
mediated 0·12) that was also observed for delayed recall. 
Associations between high overall social health, relative 
to low or middle tertiles, and subsequent change in 
delayed recall were partly mediated by depressive 

symptoms (PIE=0·002 [0·000 to 0·003]; proportion 
mediated 0·05). We found reference interactions 
indicating combined effects of network size and 
depressive symptoms on change in immediate (–0·001 
[–0·003 to –0·000]) and delayed recall (–0·002 
[–0·003 to 0·000]), although no total effects were found.

Sensitivity analyses showed that social health remained 
associated with lower depressive symptoms as a binary 
variable (appendix 2 p 12), and binary depression 
remained associated with lower cognitive scores and 
faster decline for all domains in relation to cognitive 
change (appendix 2 pp 6–7). Similar patterns of 
association were observed between CRP, social health 
exposures, and cognitive outcomes when excluding 
participants with CRP levels greater than 10 mg/L 
(appendix 2 pp 6–7, 13). Associations between exposures, 
mediators, and outcomes were similar when survey 
design weights were applied (appendix 2 pp 14–16).

Sex-stratified associations between exposures, 
mediators, and outcomes in ELSA are reported in 
appendix 2 (p 17). In men but not in women, depressive 
symptoms mediated associations of positive and negative 
support with subsequent verbal fluency and immediate 
recall. Depressive symptoms also mediated associations 
between marital or cohabitation status and verbal fluency, 
and between high social health with verbal fluency and 
immediate recall in men (eg, negative support–verbal 
fluency PIE=0·01 [0·00–0·01]) but not in women 
(appendix 2 pp 24–25).

For women only, depressive symptoms mediated 
associations between negative support and delayed recall 
trajectories (PIE=0·002 [0·000–0·003]; appendix 2 
pp 26–27). Total effects of negative support on immediate 
and delayed recall trajectories (0·011 [0·002–0·021]) with 
no mediation were found in men only. The relationships 
between positive support and overall social health with 

ELSA (N=7136) ELSA weighted 
(N=7068) 

SNAC-K (N=2604)

(Continued from previous page)

Immediate recall*

Range 0–10 0–10 0–16 

Mean 5·7 (1·7) 5·7 (1·7) 7·1 (2·4)

Missing <10 (<0·5%) <10 (<0·5%) 40 (1·5%)

Rate of decline β† –0·028 
(–0·031 to –0·026)

·· –0·057 
(–0·066 to –0·047)

Delayed recall*

Range 0–10 0–10 ··

Mean 4·3 (2·0) 4·3 (2·0) ··

Missing <10 (<0·5%) <10 (<0·5%) ··

Rate of decline β† –0·036 
(–0·038 to –0·034)

·· ··

Data are n (%), mean (SD), range, or β (95% CI). ELSA=English Longitudinal Study of Ageing. SNAC-K=Swedish 
National Study on Aging and Care in Kungsholmen. *Raw cognitive scores are presented for baseline descriptives. 
Standardised outcomes are used in the main analysis. †Rate of decline from linear mixed models. 

Table 1: Baseline characteristics of ELSA and SNAC-K
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immediate recall trajectories (PIE=0·002 [0·000–0·004]) 
were mediated by depressive symptoms in men only.

Baseline characteristics of participants in 
SNAC-K (n=2604) are provided in table 1 and 
appendix 2 (p 2). Compared with ELSA, the SNAC-K 
cohort was older at baseline (72·3 years [SD 10·1] vs 
63·8 years [9·4]), had a greater proportion of women 
(1604 [61·6%] vs 3962 [55·5%] of 7136), and had a greater 
proportion of participants with non-manual occupations 
(2087 [80·2%] vs 4210 [59·0%] of 7136). Associations 
between exposures, mediators, and outcomes in SNAC-K 
are reported in tables 2 and 3 and appendix 2 (pp 5–7).

The indirect effects of positive support on verbal 
fluency, measured at a single timepoint, via depressive 
symptoms observed in ELSA were replicated in SNAC-K 
(PIE=0·003 [95% CI 0·00–0·01]; appendix 2 pp 8–9, 31). 
In contrast, indirect effects of positive support on 
immediate recall and of network size on verbal fluency 
via depressive symptoms found in ELSA were not 
replicated in SNAC-K. In SNAC-K, there was an indirect 
effect of marital or cohabitation status on verbal fluency 
via depressive symptoms (PIE=0·02 [0·00–0·04]), which 
was not found in ELSA. It was not possible to examine 
replication of associations relating to negative support or 

delayed recall because these were not available in 
SNAC-K.

The indirect effect of positive support on change in 
immediate recall via depressive symptoms that was 
observed in ELSA was replicated in SNAC-K 
(PIE=0·0003 [0·000–0·001]; appendix 2 pp 10–11, 32). 
We also found indirect effects of positive support on 
verbal fluency change via depressive symptoms 
(PIE=0·001 [0·000–0·001]; appendix 2 pp 10–11) and of 
marital or cohabitation status on verbal fluency change 
(PIE=0·005 [0·001–0·012]), which were not found 
in ELSA. Mediation by depressive symptoms of 
associations of marital and cohabitation status, positive 
support, and high social health with verbal fluency (both 
assessed at a single timepoint and as cognitive 
trajectories) was stronger for women than for men in 
SNAC-K.

Discussion
Although positive social health markers have been 
posited to protect against cognitive decline, the pathways 
underpinning these associations are underexamined. 
We investigated the mediating roles of depressive 
symptoms and inflammation in associations between 

Verbal fluency* Immediate recall* Delayed recall*

ELSA 
Adj1

ELSA 
Adj2

ELSA 
Adj3

SNAC-K 
Adj1

SNAC-K 
Adj2

SNAC-K 
Adj3

ELSA 
Adj1

ELSA 
Adj2

ELSA 
Adj3

SNAC-K 
Adj1

SNAC-K 
Adj2

SNAC-K 
Adj3

ELSA 
Adj1

ELSA 
Adj2

ELSA 
Adj3

Married or cohabiting 
(reference: unmarried and 
alone)

0·11 
(0·06 to 
0·16)†

0·05 
(–0·01 to 
0·10)

0·02 
(–0·03 
to 0·06)

0·14 
(0·02 to 
0·26)†

0·06 
(–0·06 
to 0·17)

0·01 
(–0·10 
to 0·11)

0·09 
(0·04 to 
0·15)†

0·01 
(–0·05 
to 0·06)

0·01 
(–0·04 
to 0·06)

0·15 
(0·03 to 
0·27)†

0·10 
(–0·03 
to 0·22)

0·10 
(–0·02 
to 0·22)

0·09 
(0·03 to 
0·14)†

0·00 
(–0·05 
to 0·06)

0·00 
(–0·05 to 
0·05)

Contact frequency (reference: never to every few months)

Once or twice per month 0·08 
(0·03 to 
0·12)†

0·05 
(0·01 to 
0·10)†

0·02 
(–0·02 
to 0·06)

0·26 
(0·06 to 
0·46)†

0·19 
(–0·01 
to 0·38)

0·12 
(–0·05 
to 0·29)

0·05 
(0·00 to 
0·10)†

0·02 
(–0·03 
to 0·06)

0·01 
(–0·03 
to 0·06)

0·13 
(–0·08 
to 0·34)

0·09 
(–0·12 
to 0·30)

0·06 
(–0·14 
to 0·25)

0·03 
(–0·01 
to 0·08)

0·01 
(–0·03 
to 0·06)

0·01 
(–0·04 to 
0·05)

Once to three or more 
times per week

0·00 
(–0·07 to 
0·07)

0·04 
(–0·03 to 
0·01)

0·01 
(–0·05 
to 0·07)

0·19 
(–0·02 
to 0·39)

0·13 
(–0·07 
to 0·34)

0·11 
(–0·07 
to 0·29)

–0·03 
(–0·10 
to 0·04)

0·03 
(–0·04 
to 0·09)

0·03 
(–0·03 
to 0·09)

0·16 
(–0·06 
to 0·37)

0·14 
(–0·07 
to 0·36)

0·13 
(–0·07 
to 0·33)

–0·07 
(–0·13 
to 0·00)

–0·02 
(–0·08 
to 0·05)

0·01 
(–0·06 to 
0·07)

Network size 0·01 
(0·00 to 
0·01)†

0·01 
(0·00 to 
0·01)†

0·00 
(0·00 to 
0·01)

0·07 
(0·01 to 
0·13)†

0·01 
(–0·05 
to 0·07)

–0·01 
(–0·06 
to 0·04)

0·01 
(0·00 to 
0·01)†

0·01 
(0·00 to 
0·01)†

0·00 
(0·00 to 
0·01)

0·10 
(0·04 to 
0·16)†

0·06 
(0·00 to 
0·12)

0·05 
(–0·01 
to 0·11)

0·01 
(0·00 to 
0·01)†

0·00 
(0·00 to 
0·01)

0·00 
(0·00 to 
0·01)

Positive social support 0·01 
(0·00 to 
0·03)

0·00 
(–0·01 to 
0·02)

0·00 
(–0·02 
to 0·01)

0·04 
(–0·01 
to 0·10)

0·01 
(–0·05 
to 0·07)

0·01 
(–0·04 
to 0·06)

0·02 
(0·01 to 
0·04)†

0·01 
(0·00 to 
0·03)†

0·01 
(0·00 to 
0·03)

0·05 
(–0·02 
to 0·11)

0·01 
(–0·05 
to 0·07)

0·01 
(–0·06 
to 0·07)

0·02 
(0·00 to 
0·03)†

0·01 
(–0·01 
to 0·02)

0·00 
(–0·01 to 
0·02)

Less negative social support 0·04 
(0·02 to 
0·05)†

0·02 
(0·01 to 
0·04)†

0·02 
(0·00 to 
0·03)†

·· ·· ·· 0·03 
(0·02 to 
0·05)†

0·01 
(0·00 to 
0·03)

0·01 
(–0·01 
to 0·02)

·· ·· ·· 0·04 
(0·02 to 
0·06)†

0·02 
(0·01 to 
0·04)†

0·01 
(0·00 to 
0·03)

Social health (reference: lowest tertile)

Middle tertile 0·09 
(0·04 to 
0·14)†

0·05 
(0·00 to 
0·10)

0·03 
(–0·02 
to 0·08)

0·08 
(–0·09 
to 0·24)

0·03 
(–0·13 
to 0·20)

0·07 
(–0·07 
to 0·22)

0·07 
(0·01 to 
0·12)†

0·02 
(–0·03 
to 0·07)

0·02 
(–0·03 
to 0·07)

0·07 
(–0·10 
to 0·25)

0·04 
(–0·13 
to 0·22)

0·02 
(–0·15 
to 0·19)

0·10 
(0·05 to 
0·15)†

0·06 
(0·01 to 
0·11)†

0·03 
(–0·02 to 
0·08)

Highest tertile 0·04 
(–0·01 to 
0·09)

0·01 
(–0·04 to 
0·06)

0·01 
(–0·04 
to 0·05)

0·25 
(0·10 to 
0·41)†

0·12 
(–0·05 
to 0·28)

0·05 
(–0·10 
to 0·19)

0·06 
(0·01 to 
0·12)†

0·02 
(–0·04 
to 0·07)

0·02 
(–0·03 
to 0·07)

0·31 
(0·15 to 
0·48)†

0·22 
(0·05 to 
0·39)†

0·15 
(–0·02 
to 0·32)

0·08 
(0·02 to 
0·13)†

0·03 
(–0·02 
to 0·08)

0·02 
(–0·03 to 
–0·07)

Data are β (95% CI). ELSA=English Longitudinal Study of Ageing (primary sample). SNAC-K=Swedish National Study on Aging and Care in Kungsholmen (replication sample). Adj1=adjustment for age and sex. 
Adj2=adjustment for age, sex, education, occupational class, cardiovascular disease, basic and instrumental activities of daily living, wealth quintiles (ELSA only), smoking status, alcohol intake, and physical 
activity. Adj3=adjustment for age, sex, education, occupational class, cardiovascular disease, basic and instrumental activities of daily living, wealth quintiles (ELSA only), smoking status, alcohol intake, physical 
activity, baseline depression and cognition, hearing ability, and additional comorbidities (ELSA only). *Standardised cognitive outcomes assessed in wave 3 of ELSA and 12-year follow-up of SNAC-K. †p<0·05. 

Table 2: Associations between social health markers and subsequent cognition (single timepoint)
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social health and subsequent cognition in ELSA and 
examined whether findings were replicated in SNAC-K. 
Using causal mediation analysis, we found indirect 
effects via depressive symptoms of network size and of 
positive and negative support on subsequent verbal 
fluency, and of positive support on immediate recall. 
The mediation by depressive symptoms of the 
association between positive support and verbal fluency 
was replicated in SNAC-K, whereas the other 
relationships were not replicated or could not be tested. 
In SNAC-K, depressive symptoms mediated associations 
between marital or cohabitation status and verbal 
fluency, both measured at a single timepoint and 
trajectories, which was not observed in ELSA.

In ELSA, depressive symptoms also partially mediated 
the effects of positive and negative support on 
immediate recall trajectories, and of negative support 
on delayed recall trajectories. Although we observed 
total and controlled direct effects of positive support on 
delayed recall trajectories, we did not observe mediation, 
suggesting that this relationship is not underpinned by 
depressive symptoms. The finding of mediation by 

depressive symptoms of positive support on immediate 
recall trajectories was replicated in SNAC-K, whereas, 
because delayed recall and negative support variables 
were not available in SNAC-K, it was not possible to test 
for associations or mediation in relation to these 
variables in SNAC-K. Different relationships observed 
across cognitive domains and social health markers 
highlight the importance of examining associations 
individually.24

The proportion mediated by depressive symptoms for 
associations between social health and cognition at a 
single timepoint varied widely, from 4% to 89%, whereas 
the proportion mediated for associations with cognitive 
trajectories ranged from 12% to 64%. Mediation by 
depressive symptoms was observed for both men and 
women, with variation by social health marker and 
cognitive domain. In ELSA, mediation by depressive 
symptoms of associations between social health and 
cognition at a single timepoint was generally stronger in 
men, whereas this mediation was stronger in women 
in SNAC-K. These findings could reflect sex differences 
in the psychological effects of social relationships and the 

Verbal fluency* Immediate recall* Delayed recall*

ELSA 
Adj1

ELSA 
Adj2

ELSA 
Adj3

SNAC-K 
Adj1

SNAC-K 
Adj2

SNAC-K 
Adj3

ELSA 
Adj1

ELSA 
Adj2

ELSA 
Adj3

SNAC-K 
Adj1

SNAC-K 
Adj2

SNAC-K 
Adj3

ELSA 
Adj1

ELSA 
Adj2

ELSA 
Adj3

Married or cohabiting 
(reference: unmarried 
and alone)

0·000 
(–0·020 
to 0·020)

–0·011 
(–0·031 
to 0·010)

–0·012 
(–0·033 
to 0·008)

0·011 
(–0·016 
to 0·037)

–0·001 
(–0·028 
to 0·026)

–0·008 
(–0·035 
to 0·019)

0·010 
(–0·005 
to 0·026)

–0·004 
(–0·019 
to 0·012)

–0·004 
(–0·019 
to 0·012)

0·023 
(0·006 to 
0·041)†

0·015 
(–0·002 
to 0·033)

0·012 
(–0·005 
to 0·029)

0·007 
(–0·011 
to 0·026)

–0·005 
(–0·024 
to 0·014)

–0·006 
(–0·025 
to 0·013)

Contact frequency (reference: never to every few months)

Once or twice per 
month 

0·017 
(–0·001 
to 0·034)

0·009 
(–0·008 
to 0·027)

0·009 
(–0·009 
to 0·026)

0·041 
(–0·003 
to 0·086)

0·031 
(–0·015 
to 0·076)

0·018 
(–0·026 
to 0·062)

0·021 
(0·009 to 
0·034)†

0·014 
(0·002 to 
0·027)†

0·014 
(0·001 to 
0·026)†

0·021 
(–0·008 
to 0·050)

0·013 
(–0·016 
to 0·043)

0·005 
(–0·022 
to 0·033)

0·019 
(–0·004 
to 0·035)

0·012 
(–0·003 
to 0·028)

0·012 
(–0·004 
to 
0·028)

Once to three or 
more times per 
week 

–0·005 
(–0·032 
to 0·022)

–0·003 
(–0·030 
to 0·025)

–0·003 
(–0·030 
to 0·025)

0·039 
(–0·006 
to 0·085)

0·032 
(–0·015 
to 0·076)

0·023 
(–0·022 
to 0·068)

0·001 
(–0·017 
to 0·020)

0·003 
(–0·016 
to 0·022)

0·002 
(–0·016 
to 0·021)

0·023 
(–0·007 
to 0·052)

0·018 
(–0·012 
to 0·049)

0·014 
(–0·014 
to 0·042)

–0·009 
(–0·032 
to 0·015)

–0·008 
(–0·032 
to 0·015)

–0·007 
(–0·031 
to 0·016)

Network size 0·002 
(0·000 to 
0·004)†

0·001 
(–0·001 
to 0·003)

0·001 
(–0·001 
to 0·003)

0·006 
(–0·007 
to 0·018)

–0·004 
(–0·017 
to 0·009)

–0·005 
(–0·018 
to 0·007)

0·001 
(0·000 to 
0·002)

0·000 
(–0·001 
to 0·002)

0·000 
(–0·001 
to 0·002)

0·014 
(0·006 to 
0·022)†

0·007 
(–0·001 
to 0·016)

0·006 
(–0·002 
to 0·014)

0·001 
(–0·001 
to 0·002)

0·000 
(–0·001 
to 0·002)

0·000 
(–0·001 
to 0·002)

Positive social 
support 

0·008 
(0·003 to 
0·013)†

0·006 
(0·001 to 
0·011)†

0·005 
(0·000 to 
0·010)

0·008 
(–0·004 
to 0·021)

0·003 
(–0·010 
to 0·016)

0·001 
(–0·012 
to 0·014)

0·005 
(0·001 to 
0·009)†

0·003 
(–0·001 
to 0·007)

0·002 
(–0·002 
to 0·006)

0·008 
(0·000 to 
0·016)†

0·003 
(–0·006 
to 0·011)

0·001 
(–0·007 
to 0·009)

0·009 
(0·005 to 
0·014)†

0·007 
(0·002 to 
0·012)†

0·007 
(0·002 to 
0·012)†

Less negative social 
support 

0·009 
(0·003 to 
0·014)†

0·005 
(–0·001 
to 0·011)

0·004 
(–0·003 
to 0·010)

·· ·· ·· 0·009 
(0·005 to 
0·014)†

0·006 
(0·002 to 
0·011)†

0·005 
(0·000 to 
0·009)†

·· ·· ·· 0·008 
(0·003 to 
0·014)†

0·005 
(0·000 to 
0·011)

0·005 
(–0·001 
to 0·010)

Social health (reference: lowest tertile)

Middle tertile 0·011 
(–0·010 
to 0·031)

0·007 
(–0·014 
to 0·028)

0·005 
(–0·016 
to 0·026)

0·006 
(–0·029 
to 0·041)

–0·001 
(–0·038 
to 0·035)

0·003 
(–0·033 
to 0·039)

0·017 
(0·003 to 
0·032)†

0·011 
(–0·003 
to 0·026)

0·011 
(–0·004 
to 0·025)

0·022 
(–0·001 
to 0·045)

0·014 
(–0·009 
to 0·038)

0·012 
(–0·011 
to 0·034)

0·014 
(–0·004 
to 0·032)

0·007 
(–0·012 
to 0·025)

0·004 
(–0·014 
to 0·022)

Highest tertile 0·018 
(–0·002 
to 0·038)

0·010 
(–0·011 
to 0·030)

0·007 
(–0·014 
to 0·027

0·034 
(0·000 to 
0·068)†

0·011 
(–0·024 
to 0·047)

0·002 
(–0·033 
to 0·038)

0·005 
(–0·009 
to 0·019)

–0·002 
(–0·016 
to 0·013)

0·002 
(–0·017 
to 0·012)

0·053 
(0·031 to 
0·076)†

0·037 
(0·014 to 
0·060)†

0·027 
(0·004 to 
0·049)†

0·022 
(0·005 to 
0·040)†

0·016 
(–0·002 
to 0·034)

0·015 
(–0·003 
to 0·033)

Data are β (95% CI). ELSA=English Longitudinal Study of Ageing (primary sample). SNAC-K=Swedish National Study on Aging and Care in Kungsholmen (replication sample). Adj1=adjustment for age and 
sex. Adj2=adjustment for age, sex, education, occupational class, cardiovascular disease, basic and instrumental activities of daily living, wealth quintiles (ELSA only), smoking status, alcohol intake, and physical 
activity. Adj3=adjustment for age, sex, education, occupational class, cardiovascular disease, basic and instrumental activities of daily living, wealth quintiles (ELSA only), smoking status, alcohol intake, physical 
activity, baseline depression and cognition, hearing ability, and additional comorbidities (ELSA only). *Standardised cognitive outcomes. Individual predicted slopes for cognitive change between waves 3 and 9 
(ELSA) and between 6-year and 12-year follow-ups (SNAC-K) extracted from mixed-effects models. Therefore, a positive coefficient indicates slower decline in cognition for those with higher levels of social 
health markers. †p<0·05.

Table 3: Associations between social health markers and subsequent cognitive change
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pathways through which social health markers relate to 
subsequent cognition. However, sex-stratified results 
differed between datasets, suggesting that the 
sociocultural context may further modulate these sex-
specific pathways.

Our findings correspond with a previous study,21 which 
found that depressive symptoms, but not anxiety, 
mediated the association between loneliness and 
subsequent cognitive functioning in participants from 
the Irish Longitudinal Study on Ageing, although the 
indirect effect was small relative to the direct effect. 
Similarly, using data from the National Social Life, 
Health and Aging study,19 a longitudinal study found that 
depressive symptoms, among other factors such as 
functional ability, mediated associations between 
loneliness and general cognitive ability 10 years later.

Our results provide new insights into potential 
mechanisms linking social health with cognition, 
suggesting that interactional aspects of social health in 
particular, including more positive and less negative 

social support, may help to buffer against cognitive 
decline partly by lowering depressive symptoms. This 
supports the social bonding theory, which posits that 
closer social connections can affect health, including 
cognitive outcomes, by providing psychological benefits, 
which then positively affect cognition.16

Establishing mechanisms linking social health and 
cognition is crucial for identifying possible targets for 
interventions to mitigate cognitive decline, which is a 
high priority for public health. Despite the modest effect 
sizes observed in this study, our findings could have 
notable implications at a population level,38 particularly 
given the high prevalence of depression and cognitive 
impairment in the population. Given that depressive 
symptoms did not fully mediate associations between 
social support and cognition, and given the mixed 
findings regarding structural social health markers, 
further research is needed to examine other potential 
pathways through which social health could affect 
cognition.

Figure 1: Four-way decomposition of total effects of social health on subsequent cognition (single timepoint) in ELSA—role of depressive symptoms
ELSA=English Longitudinal Study of Ageing.
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Several key findings observed in ELSA were replicated 
in SNAC-K, particularly in relation to mediation by 
depressive symptoms of associations between positive 
support and cognition. This replication suggests 
consistency in depressive symptoms as a mechanism 
linking social support, an interactional social health 
marker, and cognition across two settings, adding 
robustness to the role of depressive symptoms in this 
relationship. However, findings differed between samples 
regarding mediation of associations between structural 
social health markers (marital or cohabitation status and 
network size) and cognition. These discrepancies could 
reflect differences across settings in relationships 
between social health, depression symptoms, and 
cognition. For instance, it is possible that the perception 
of the value, function, and meaning ascribed to 
relationship structures, and the perceived adequacy of 
structures such as network size, are interpreted and 
experienced differently across countries, thereby altering 
downstream relationships with subsequent depression 

and cognition. Findings could also be influenced by 
different social policies across countries, which could 
affect structural social health markers, such as network 
size, and their effect on people’s mental health and 
subsequent cognition. The observed discrepancies 
suggest the importance of considering distinct 
sociocultural contexts when examining the mechanisms 
linking structural markers with cognition across different 
settings. However, discrepant findings could also reflect 
methodological differences between SNAC-K and ELSA, 
as described below.

We found no evidence of mediation by inflammatory 
biomarkers. These results align with two previous 
studies,19,27 which did not find a mediating role of 
inflammatory biomarkers in associations between 
loneliness and global cognition. An additional study28 
involving older people in the USA found that CRP and 
fibrinogen partially mediated the association between 
social isolation and cognition in men only. These findings 
contrast with our hypothesis and diverge from conceptual 

Figure 2: Four-way decomposition of total effects of social health on cognitive change in ELSA—role of depressive symptoms
ELSA=English Longitudinal Study of Ageing.
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models, such as the social bonding theory and Berkman 
and colleagues’ model,15 which posit that physiological 
pathways such as inflammation are a key mechanism 
underpinning links between social relationships and 
health. Further research is needed to investigate a wider 
range of inflammatory biomarkers and other possible 
physiological mechanisms, particularly those that may be 
influenced by the stress-buffering qualities of social 
relationships, such as hypothalamic–pituitary–adrenal 
axis abnormalities.16

Strengths of the study include the use of data from two 
large, representative longitudinal cohorts, which allowed 
examination of prospective associations and replication 
across samples. Few previous studies have investigated 
mediators of longitudinal associations between social 
health and cognition, despite long-standing hypotheses 
about mechanisms including mental health and 
physiological markers.

We applied causal mediation analysis to overcome 
some of the limitations of traditional mediation 
approaches, such as the assumed absence of exposure–
mediator interaction. We investigated a range of 
structural and interactional social health exposures, and 
multiple cognitive domains. In contrast to most previous 
studies in this area, we examined mediation in relation to 
cognitive trajectories, in addition to cognition measured 
at a single timepoint. ELSA and SNAC-K included rich 
sociodemographic and health-related data, which enabled 
adjustment for a range of potential confounders, and had 
relatively long follow-up periods, which mitigates the 
risk of reverse causality.

Nonetheless, we note several limitations. First, some 
measurements were not available in both samples. 
SNAC-K had a lower sensitivity measure of CRP 
than ELSA and did not include measures of the fibrinogen 
mediator, the negative support exposure, the delayed 
recall outcome, or the wealth quintiles covariate. Although 
we sought to include comparable exposure, mediator, and 
outcome measures across studies, it is possible that 
differences in results observed between ELSA 
and SNAC-K reflect variation in measurement between 
studies. Participants in SNAC-K were also older at 
baseline, compared to participants in ELSA, and durations 
between assessment of exposures, mediators, and 
outcomes differed between samples. Differences in 
participants excluded from analysis on sociodemographic 
and health-related characteristics, and our use of complete 
case analysis—despite the relatively low proportion of 
missing data (generally ≤5%)—could have introduced 
bias into our results. Further, given that we investigated 
multiple social health markers and cognitive outcomes, it 
remains possible that some of the observed differences 
between studies arose due to chance.

In addition, causal mediation analysis relies on 
assumptions about identification of and adjustment for 
confounders in the association between exposures, 
mediators, and outcomes. Although we adjusted for a 

range of important sociodemographic and health-related 
confounders, we were not able to account for other 
potential confounders, such as traumatic brain injury, 
and we cannot exclude the possibility of unmeasured 
confounders resulting in biased estimates. Further, we 
did not adjust for other potentially relevant variables, 
such as personality traits (eg, neuroticism), which were 
only measured in ELSA after social health marker, 
mediator, and cognitive assessments. Personality traits 
such as neuroticism have been found to be associated 
with depressive and anxiety symptoms39 as well as with 
cognitive decline,40 and future studies could consider 
including these traits as covariates. We also made several 
assumptions about the temporal order of associations 
between social health markers and inflammation and 
depressive symptoms, as set out in our directed acyclic 
graphs. In addition, despite relatively long follow-up 
periods and adjustment for baseline depression and 
cognition, reverse causality remains a potential issue, 
whereby depressive symptoms, inflammation, and 
changes in social health could reflect early signs, rather 
than causes, of cognitive decline.

Although we investigated a range of social health and 
cognitive domains, further research is needed to examine 
other outcomes, such as executive functioning, and other 
social health markers, including loneliness (which was 
not available at baseline in the present study). Although 
our replication analysis was a strength, we were only able 
to compare results qualitatively due to a lack of available 
methods to quantitatively assess replication across the 
two studies. Further examination of replication is 
required across a wider range of settings, including in 
non-European cohorts.

Our findings indicate that depressive symptoms are a 
pathway through which social health, particularly 
positive and negative aspects of social support, can 
influence subsequent cognitive outcomes, including 
cognitive decline. These insights into underlying 
mechanisms could contribute to the development of 
interventions and preventive strategies targeting social 
health, with potential downstream benefits for both 
mental health and cognitive functioning in older people.
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