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Abstract
Introduction: In this study, we examine whether social
health markers measured at baseline are associated with
differences in cognitive capability and the rate of cognitive

decline over an 11-to-18-year period among older adults
and compare results across studies.Methods:We applied an
integrated data analysis approach to 16,858 participants
(mean age 65 years; 56% female) from the National Survey
for Health and Development (NSHD), the English Longitu-
dinal Study of Aging (ELSA), the Swedish National Study on
Aging and Care in Kungsholmen (SNAC-K), and the Rot-
terdam Study. We used multilevel models to examine social
health in relation to cognitive capability and the rate of
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cognitive decline. Results: Pooled estimates show distinct
relationships betweenmarkers of social health and cognitive
domains, e.g., a large network size (≥6 people vs. none) was
associated with higher executive function (0.17 standard
deviation [SD] [95% CI: 0.00, 0.34], I2 = 27%) but not with
memory (0.08 SD [95% CI: −0.02, 0.18], I2 = 19%). We also
observed pooled associations between being married or
cohabiting, having a large network size, and participating in
social activities with slower decline in cognitive capability.
However, estimates were close to zero, e.g., 0.01 SD/year
(95% CI: 0.01, 0.02) I2 = 19% for marital status and executive
function. There were clear study-specific differences: results
for average processing speed were the most homogenous,
and results for average memory were the most heteroge-
neous. Conclusion: Overall, markers of good social health
have a positive association with cognitive capability. How-
ever, we found differential associations between specific
markers of social health and cognitive domains and dif-
ferences between studies. These findings highlight the
importance of examining between-study differences and
considering the context specificity of findings in developing
and deploying interventions. © 2023 The Author(s)

Published by S. Karger AG, Basel

Introduction

Cognitive capability, the capacity to undertake the
mental tasks of daily living, is an important aspect of
healthy ageing [1–3]. Numerous factors across the life
course can affect cognitive capability and decline [4–7].
Most research has focused on biological and medical
correlates [8]. Understanding if and how aspects of an
individual’s social environment and well-being can affect
cognitive capability may provide cost-effective comple-
mentary targets to support interventions to delay cog-
nitive decline.

Our paper draws upon recent conceptual advance-
ments to better understand the role of social environment
and well-being in the context of dementia research [9].
Vernooij-Dassen et al. [9] use the term social health to
denote the capacity to engage in meaningful social in-
teractions, maintain supportive and fulfilling social re-
lationships, and experience a sense of belonging and
connectedness to one’s community or social group. This
evokes a relational concept at the individual and social-
environmental level. The inclusion of the term health in
this context emphasises that social well-being and the
ability to adapt to challenges is a crucial component of
overall health, alongside physical and mental health, in
the context of dementia research.

Empirical research may encounter challenges when
attempting to operationalise certain aspects of social
health, like the ability to fulfil one’s potential [9].
However, some aspects of the immediate social envi-
ronment have been operationalised for empirical ex-
amination. Social network models have previously
identified structural and functional domains of the im-
mediate social environment [10, 11]. As Vernooij-Dassen
et al. [9] outline, structure refers to the social ties between
individuals within networks (e.g., marital status, social
network size, and frequency of social contact), while
function refers to the actual exchanges between network
members (e.g., social engagement and social support).
Previous research has used this classification of structural
and functional domains when examining aspects of social
networks with health outcomes [12–15].

There is empirical evidence that markers of social health
contribute to cognitive capability, the rate of cognitive
decline and risk of dementia [15–20]. A systematic review
highlighting the complexities of associations between so-
cial health and cognition [18] reported that social activity,
larger social networks, and greater social support were
associated with higher global cognitive capability, with
mixed findings for domain-specific cognitive abilities and
less evidence for associations with cognitive decline.
Further systematic reviews and meta-analyses focusing on
cognitive decline found that poor social health (as mea-
sured by, small social network size, low social engagement,
and loneliness) was associated with faster rates of decline,
but there was heterogeneity between the studies and ev-
idence for publication bias [15, 20].

A recent study using data from Sweden has shown that
a composite measure of social health can offer valuable
insights into the relationship between overall social health
and cognitive capability [21]. However, associations be-
tween different markers of social health may differ across
cognitive domains depending on the pathway evoked and
the cognitive demand involved. Researchers have the-
orised that markers of social health can influence cog-
nition through a combination of physiological, psycho-
logical, or behavioural pathways. For example, partici-
pating in social activities involves cognitive and mental
stimulation [22]. Positive aspects of social support may
act as a buffer against stress, which itself can impair
cognition [23, 24]. Further, health-related behaviours can
be influenced by the normative behaviours of a social
environment, a phenomenon known as the social control
theory [24].

For several reasons, it is difficult to ascertain the exact
nature of the association between social health and
cognitive capability. Firstly, the term social health refers
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to a multitude of markers that have been variously de-
fined, operationalised, assessed, and analysed. Secondly,
cognitive capability has often been examined as a com-
posite measure in relation to markers of social health, and
differential effects between specific cognitive domains
(e.g., memory, processing speed) observed in some
previous studies are worth exploring [18, 25]. Thirdly,
results of earlier meta-analyses may have overlooked
important between-study differences by combining re-
sults from different types of studies that measured and
analysed data in different ways.

The current study sought to overcome some of these
challenges. We used a clear framework to operationalise
markers of social health and examined both specific
cognitive domains (memory, executive function, and
processing speed) and global or composite cognitive
function where possible. Importantly, we applied inte-
grative data analyses across four large European longitu-
dinal studies. Integrated data analysis involves coordina-
tion of measurement and analytical protocols between
independent studies which maximises comparability be-
tween results, while accounting for study-specific strengths
and design features [26]. The studies and countries chosen
are part of the SHARED consortium (https://www.shared-
dementia.eu/), sampled from the general population,
containing the necessary exposure and outcome measures
and multiple time points required to examine decline, and
were homogeneous enough to pool findings and analyse
replication. This paper further builds on a recent study that
examined a similar question in different studies involving
fewer time points and greater heterogeneity of populations
sampled from the COSMIC consortium [27]. Our overall
aim was to examine whether social health markers mea-
sured at baseline are associated with differences in cog-
nitive capability and the rate of cognitive decline over an
11- to-18-year period among older adults and compare
results across studies.

Materials and Methods

Participants
Participants came from four European population-based lon-

gitudinal studies located in the UK, Sweden, and the Netherlands:
the National Survey of Health and Development (NSHD) [28] and
the English Longitudinal Study of Ageing (ELSA) [29] in the UK,
the Swedish National Study on Aging and Care-Kungsholmen
(SNAC-K) [30] in Sweden, and the Rotterdam Study [31] in the
Netherlands (online suppl. Fig. 1 for details; for all online suppl.
material, see https://doi.org/10.1159/000531969). Briefly, NSHD is
a British birth cohort where participants of the same age have been
followed up 24 times since birth in 1946. Cognitive capability was
measured in 1999, 2006–2010, and 2014–2015 when participants

were aged 53, 60–64, and 68–69 years. ELSA is a study of adults
aged 50 years and over living in private households in England.
The original sample was contacted in 2002–2003 and participants
are followed up every 2 years. Cognitive capability was measured in
waves 1–9. SNAC-K is a study of people aged 60 years and older
living at home or in nursing homes in Kungsholmen (central
Stockholm). Baseline assessment took place between 2001 and
2004. Those aged between 60 and 72 years were followed every
6 years, and those aged 78 years and older every 3 years, up until a
maximum follow-up period of 12 years. The Rotterdam Study is a
study of adults aged 45 years or older that began in 1990–1993.
Participants are followed up every 4 years. For each of these
studies, our analytical sample consisted of participants with in-
formation on at least one social health variable at baseline and
cognitive capability from at least two time points in one domain.
Participants with dementia at baseline and those with missing
covariate data (<9%) were excluded (see online suppl. File 1).
Table 1 outlines the analytical sample size for each study.

Measures
We harmonised all measures across studies as much as possible.

We provide full details of the harmonisation process and the
original questions in online supplementary File 1. We briefly
describe variables used in analyses in the following sections. Note
that some studies did not include every outcome and exposure of
interest (Table 1).

Cognitive Capabilities
We included three tests of cognitive capability that were

similarly measured across studies. Memory was assessed in all
cohorts using an immediate word list recall. In ELSA, SNAC-K,
and the Rotterdam Study, executive function was assessed using a
semantic verbal fluency test. Processing speed was assessed in
NSHD and ELSA using a letter cancellation task, a digit cancel-
lation task in SNAC-K and letter-digit substitute task in the
Rotterdam Study. We standardised each test across time points
and within studies on a common standard deviation (SD)-based
scale with mean of 0 and SD of 1. This enhances comparability of
estimates between studies while allowing examination of changes
over time within studies. Total follow-up time in each study ranged
between 11 and 18 years (online suppl. File 1 provides detailed
follow-up time for each cognitive outcome within each study).
Study-specific global or composite cognitive scores were con-
structed for sensitivity analyses (full details in online suppl. File 1).

Social Health: Structural and Functional Markers
We focus on the social environment aspects of social health. As

outlined in the introduction, we distinguish between structural and
functional domains. Structural social health markers at baseline
included: marital or cohabitation status (married or cohabiting vs.
unmarried and alone); social network size (1–2 people, 3–6 people,
or ≥6 people vs. none); contact frequency (more than once a year,
about once to twice a month, weekly or more than twice a month, at
least 2 to 3 times per week vs. never or almost never). Functional
social relationship variables included: participation in social activ-
ities (moderate or high vs. low); perceived received positive support
(coded as a standardised score and categorised as −1 SD to 0 SD,
0 to 1 SD and >1 SD vs. <−1 SD); and perceived received negative
support (coded as a standardised score and categorised as −1 SD
to 0 SD, 0 to 1 SD and >1 SD vs. <−1 SD). We categorised the
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Table 1. Descriptive statistics across studies

NSHD ELSA SNAC-K Rotterdam study

N 2,109 8,460 1,892 4,397
Total follow-up time, years 16 18 12 11
Age at baseline, years (SD) 53.4 (0.17) 64.3 (9.8) 71.4 (9.6) 72.2 (7.3)

Demographics
Female, % (n) 53 (1,116) 55 (4,625) 62 (1,182) 56 (2,466)
Occupational social class, % (n)

Manual 33 (699) 44 (3,732) 15 (279) 27 (1,193)
Non-manual 67 (1,410) 56 (4,728) 85 (1,613) 73 (3,204)

Education, % (n)
Lower 39 (820) 47 (4,018) 12 (222) 11 (484)
Secondary 50 (1,053) 28 (2,390) 49 (928) 43 (1,909)
Higher 11 (236) 24 (2,052) 39 (742) 46 (2,004)

IADL, % (n)
None N/A 93 (7,841) 91 (1,722) 55 (2,436)
At least one 7 (619) 9 (170) 45 (1,961)

Vascular-related health conditions, % (n)
None 96 (2,029) 87 (7,334) 74 (1,397) 67 (2,954)
At least one 4 (80) 13 (1,126) 26 (495) 33 (1,443)

Structural social health variables
Marital/cohabitation status, % (n)

Unmarried and alone 9 (189) 24 (2,011) 48 (907) 31 (1,386)
Married or cohabiting 91 (1,920) 76 (6,449) 52 (983) 68 (3,010)
Missing 0 0 0.001(2) 0.02 (1)

Network size, % (n)
None 4 (78) 2 (145) 1 (21) N/A
1–2 people 13 (269) 12 (975) 14 (273)
3–6 30 (626) 39 (3,330) 42 (799)
≥6 54 (1,136) 40 (3,443) 37 (690)
Missing 0 7 (567) 6 (109)

Contact frequency, % (n)
Never or almost never 0.9 (18) 1 (49) 0.6 (11) N/A
More than once a year 8 (161) 15 (1,271) 10 (181)
About once to twice a month 12 (261) 55 (4,618) 45 (853)
Weekly or more than twice a
month

48 (1,013) 20 (1,722) 36 (682)

At least two to three times
per week

29 (620) 4 (311) 5 (97)

Missing 2 (36) 6 (489) 4 (68)

Functional social health variables
Participation in social activities, % (n)

Low (≤1 activity) N/A 21 (1,751) 3 (56) N/A
Moderate (2–3 activities) 33.3 (2,816) 9 (160)
High (≥4 or more activities) 46 (3,893) 82 (1,557)
Missing 0 6 (119)

Positive support*
Range 0–9 0–9 0–10 0–10
Median (IQR range) 6.0 (5.0–8.0) 7.0 (5.8–8.0) 10 (9–10) 10 (9–10)
Missing, % (n) 3 (70) 6 (516) 4 (91) 0.1 (5)

Negative support*
Range 0–9 0–9 N/A N/A
Median (IQR range) 8.0 (6.0–8.0) 7.3 (6.3–8.0)
Missing, % (n) 3 (70) 6 (479)
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standardised scores for support since positive support in the Rot-
terdam Study and SNAC-K had a skewed distribution, i.e., most
participants reported very high levels of support (Table 1).

Confounders
We defined baseline confounders a priori (based on prior

literature and knowledge): sex (female vs. male); occupational-
based social class (non-manual vs. manual occupation); education
(secondary or higher vs. lower); impairment in instrumental ac-
tivities of daily living (at least one vs. none); and vascular-related
health conditions excluding hypertension, e.g., diabetes, stroke,
heart disease. Mental health may be considered a mediator or
confounder; therefore, we have not included it in our main models.
However, we adjusted for standardised mental health scores in
sensitivity analyses. For details of mental health measurement in
each study, see online supplementary File 1.

Analyses
We applied integrated data analysis in this paper [26]. Fol-

lowing harmonisation of all variables after agreement between
authors (online supplementary File 1), JM wrote an exemplar
script using Stata 17 and an analyst within each country (J.M., F.G.,
and F.J.W.) adapted and ran the script for their study. Within each
study, change in each cognitive domain and individual social
health marker was modelled using linear mixed-effects models
with random intercepts, slopes, and time centred on baseline date
and coded as years. This method accounts for within-person
correlation between repeated cognitive scores over time. We
used two main approaches when applying these linear mixed-
effects models. Firstly, we included the social health marker and
time in the model and interpreted the coefficient for social health
as the association with levels of cognitive capability on average over

time, hereinafter referred to as average cognitive capability. Sec-
ondly, we included an interaction term between the social health
marker and time and interpreted the coefficient as association with
rate of cognitive decline.

We applied three levels of adjustment to the specified linear
mixed-effects models. After estimating associations adjusted for
sex and age at baseline, we adjusted first for socio-demographic
information (social class and education) and second for health-
related information at baseline (instrumental activities of daily and
vascular-related health conditions). We decided to use three levels
of adjustment as the identity of key confounding variables remains
uncertain. We also wanted to explicitly show the effect of health-
related information above socio-demographic information on the
observed associations. It is plausible that associations between
social health and cognitive capability might vary by sex [32, 33];
therefore, each model was repeated stratifying by sex.

Within-study analyses were conducted using Stata. Overall and
stratified results from each study were sent to J.M. who pooled the
estimates using random effects meta-analysis with restricted maxi-
mum likelihood (meta command in Stata 17). Sex-differences were
tested using the subgroup option in the meta command in Stata 17.
We report heterogeneity using the I2 statistic, where 0% indicates
estimates were similar across studies and values closer to 100%
represent greater heterogeneity. Figures 1 and 3 were created using R.

Sensitivity Analyses
In sensitivity analyses, we examined if associations were robust to

additional adjustment for depressive symptoms. We also repeated
analyses with a global or composite measure of cognitive function.

Table 1 (continued)

NSHD ELSA SNAC-K Rotterdam study

Cognitive capability
Memory*

Range 0–15 0–10 0–16 0–15
At baseline, mean (SD) 6.0 (2.0) 5.6 (1.7) 7.3 (2.3) 6.8 (2.0)
**Rate of decline, β (95% CI) −0.025

(−0.028, −0.022)
−0.03
(−0.04, 0.03)

−0.049
(−0.054, −0.045)

−0.007
(−0.011, −0.003)

Executive function*
Range N/A 0–50 2–50 2–47
At baseline, mean (SD) 19.9 (6.2) 22.0 (6.3) 20.6 (5.3)
**Rate of decline, β (95% CI) −0.01

(−0.02, −0.01)
−0.046
(−0.050, −0.042)

−0.021
(−0.025, −0.017)

Processing speed*
Range 0–780 0–780 2–34 1–55
At baseline, mean (SD) 283.9 (73.9) 309.7 (94.3) 18.0 (4.1) 26.8 (7.0)
**Rate of decline, β (95% CI) −0.020

(−0.023, −0.017)
−0.03
(−0.04, −0.03)

−0.045
(−0.049, −0.041)

−0.056
(−0.059, −0.053)

Full details on how each variable was coded are in the online supplementary File 1. IADL: Instrumental Activities of Daily Living.
*Raw scores presented for descriptive purposes; standardised scores used in analyses. For negative support, higher scores indicate
less feelings of negative support. **Based on standardised outcomes from mixed-effects multilevel models, e.g., −0.03 indicates a
0.03 SD lower cognitive score per year.
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Results

Our analyses included 16,858 participants (mean age
65.3 years; 56% female) with follow-up times ranging from
11 to 18 years across four studies (Table 1). Most partic-
ipants came from a non-manual social class, particularly in
SNAC-K (85%). The proportion of married or cohabiting
participants was somewhat higher in the two UK studies
(NSHD and ELSA) than in SNAC-K and the Rotterdam
Study, which included on average older participants. Most
people had extensive social networks (>37% hadmore than
six people in their network) and reported having high
positive support (median ranged from 6 to 10 across studies
where scales ranged from 0–9 to 0–10). A large proportion
of SNAC-K participants (82%) had high levels of social
participation. Markers of social health were weakly cor-
related within studies (p < 0.03, online suppl. File 2).

Cognitive domains were moderately correlated within
studies (r > 0.3) except formemory and processing speed in
NSHD, ELSA, and SNAC-K (r < 0.3, online suppl. File 2).
We observed decline in all cognitive domains across all
studies ranging from −0.001 to −0.06 SD per year (Table 1).

Results for the linear mixed-effects models are dis-
cussed in the following sections. We organise results by
cognitive domain. We report results within each sub-
section for structural social health markers and then
functional social health markers. We focus on the fully
adjusted models as we did not observe large differences
in results between different adjustment levels (online
suppl. File 2). We did not observe any statistically sig-
nificant sex-differences, however when stratifying by
sex, estimates tended to be stronger for married males
than for married females (all sex-stratified results are
found in online suppl. File 2).
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Model 1

Model 2

Model 3

I2=81 I2=0 I2=8 I2=19 I2=50 I2=73 I2=60 I2=51

I2=79 I2=62 I2=18 I2=27 I2=0 I2=0 I2=0 I2=0

I2=75 I2=0 I2=0 I2=0 I2=0 I2=73 I2=0 I2=0

Fig. 1. Associations between baseline structural social relationship variables and standardised cognitive capability on
average over time. Size of the estimate markers represents study weight. See online supplementary File 2 for this in-
formation in table format. Model 1: sex, age at baseline. Model 2: sex, age at baseline, social class, education.Model 3: sex,
age at baseline, social class, education, Instrumental Activities of Daily Living, and vascular-related health conditions.
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Memory

Structural Social Health Markers
Being married or cohabiting was associated with 0.05

(95% CI: 0.02, 0.08) and 0.13 (95% CI: 0.06, 0.2) SD
higher average memory scores in ELSA and SNAC-K,
respectively. As seen in Figure 1 and online supple-
mentary file 2, estimates were opposite in sign and
confidence intervals crossed the null in NSHD and the
Rotterdam Study, and a relationship was not observed
in the pooled results (0.04 [95% CI: −0.03, 0.11]). This
heterogeneity was reflected in the high I2 statistic
(81%). We observed a similar degree of heterogeneity
(I2 = 76%) when examining how being married or
cohabiting associated with the rate of memory decline.
As shown in Figure 2 and online supplementary file 2,
clear associations were observed in ELSA and SNAC-K
where being married or cohabiting at baseline was
associated with a slower rate of memory decline, al-
though the effect size was small (e.g., 0.02 SD/year 95%
CI: 0.01, 0.02 in ELSA).

There were no clear associations between having a
large network size and average memory scores in
NSHD or SNAC-K (Fig. 1 and online suppl. file 2). In
ELSA, only a very large network size (≥6 people
compared with none) was associated with 0.11 (95% CI:
0.02, 0.21) SD higher memory score. The Rotterdam
Study did not have information about network size.
Overall, results across studies were less heterogeneous
than for marital or cohabitation status (I2 = ≤19%) with
effect sizes being similar in ELSA and SNAC-K and
opposite in sign in NSHD (Fig. 1 and online suppl. file
2). Results were also relatively homogeneous across
studies when examining the rate of decline in memory
(I2 = ≤0.09%). Pooled results from NSHD, ELSA, and
SNAC-K suggest that having a larger network size was
associated with a slower rate of decline in memory (e.g.,
0.02 SD/year [95% CI: 0.01, 0.03] for 3–6 people
compared with none).

Overall pooled estimates suggest no association between
frequent social contact and average memory, however,
results were heterogenous (I2 = ≥50%). In ELSA, having
frequent social contact was associated with higher memory
scores (Fig. 1; online suppl. file 2). Estimates in SNAC-K
were smaller and confidence intervals crossed the null and
were opposite in sign in NSHD. The Rotterdam Study did
not have information about social contact frequency.
Results from analyses examining decline in memory were
less heterogenous (I2 = ≤0.08%, Fig. 2; online suppl. file 2).
Overall, there was no evidence that frequency of social
contact was associated with the rate of memory decline.

Functional Social Health Markers
Among the two studies with relevant information

(ELSA and SNAC-K), participation in social activities was
associated with higher average memory scores (Fig. 3 and
online suppl. file 2). Effect sizes were similar across the
two studies (I2 = ≤8%), with pooled estimates indicating
that participating in ≥4 social activities was associated
with 0.32 (95% CI: 0.28, 0.35) SD higher average memory
score compared with not participating in any social ac-
tivities. Effect sizes were also similar (I2 = ≤0.09%) across
the studies when examining rate of memory decline
(Fig. 4 and online suppl. file 2). Pooled estimates suggest a
slower rate of decline in memory for those participating
in ≥4 social activities compared with none (0.01 SD/year
95% CI: 0.01, 0.02, I2 = 0%).

Pooled estimates in Figure 3 and online supplementary
file 2, show that compared with participants who reported
having low levels of positive social support (i.e., <−1 SD)
those in the middle of the distribution (between −1 SD to
0 SD and 0 SD to 1 SD) had higher average memory.
Estimates were relatively consistent across all studies
(I2 =≤ 0.02%). However, results were more heterogeneous
(I2 = 89%) when comparing individuals reporting high
levels of positive support (>1 SD vs. <−1 SD). Participants
from the Rotterdam Study did not contribute to this due
to the distribution of positive social support in the
sample. Unexpectedly, estimates were smaller compared
with people in the middle of the distribution for ELSA
and SNAC-K. There was no strong evidence for an as-
sociation between positive social support and rate of
memory decline across studies (I2 =< 0.02%, Fig. 4; online
suppl. File 2).

Only theUK studies (ELSA andNSHD) had information
about perceived negative aspects of social support. Overall
pooled results show that those in the middle of the dis-
tribution (i.e., −1 SD to 0 SD and 0 SD to 1 SD) had 0.12
(95% CI: 0.08, 0.16) and 0.16 (0.11, 0.20) SD higher average
memory scores compared with participants reporting high
negative social support (i.e., <−1 SD) (Fig. 3 and online
suppl. file 2). Estimates attenuated to 0.05 (95% CI: 0.00,
0.10) for those in reporting low levels of negative social
support (>1 SD vs. < −1 SD). Estimates were similar be-
tween studies (I2 < 11%). There was no clear evidence for an
association between negative social support and rate of
memory decline across studies (Fig. 4; online suppl. file 2).

Executive Function

NSHD did not have information about executive
function over the follow-up period.
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Structural Social Health Markers
Being married or cohabiting was associated with

higher average executive function scores in ELSA and
SNAC-K, with the largest estimate found in SNAC-K
(0.15 SD [95% CI: 0.08, 0.22]) as seen in Figure 1 and
online supplementary file 2. The smallest estimate was
found in the Rotterdam Study where the confidence
interval crossed the null (0.02 [95% CI: −0.05, 0.08]). The
difference in effect sizes was reflected in the high I2

statistic (79%). Being married or cohabiting was also
associated with slower rate of decline in executive
function (0.01 SD/year [95% CI: 0.01, 0.02]) with similar
results observed across all studies (I2 = 0.01%) as shown
in Figure 2 and online supplementary File 2.

Only ELSA and SNAC-K had information on network
size and executive function. A larger network size was

associated with higher average executive function in
ELSA, but estimates were in the opposite direction and
crossed the null for SNAC-K (I2 ≥ 18%, Fig. 1 and online
suppl. File 2). There was little evidence for an association
between network size and the rate of decline in executive
function, with results being slightly more homogenous
(I2 = ≤20.9%) than for average executive function (Fig. 2;
online suppl. File 2).

Frequent social contact was associated with higher
average executive function (Fig. 1; online suppl. File 2).
Only ELSA and SNAC-K contributed to these analyses
and findings were similar across the studies (I2 = 0%),
although estimates were larger and more precise for
ELSA. The largest pooled estimate was observed for
participants who had social contact once to twice a
month compared with never or almost never (0.43
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Fig. 2.Association between (a) marital and cohabitation status (b) social network size (c) social contact frequency
and decline in cognitive function in each study. Estimates are adjusted for sex, age at baseline, social class,
education, Instrumental Activities of Daily Living, vascular-related health conditions. Overall result reflects the
meta-analysed value for decline. Where there is more than one exposure category, the overall value reflects the
result from the final category.
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[95% CI: 0.28, 0.59]). We did not observe associations
between frequency of social contact and the rate of
decline in executive function (I2 = ≤0.06%).

Functional Social Health Markers
Pooled results showed participating in social activ-

ities was associated with higher average executive
function (e.g., 0.30 [95% CI: 0.16, 0.44] for ≥4 activities
vs. none, Fig. 3, online suppl. File 2). ELSA and SNAC-
K contributed to these analyses and results were ho-
mogeneous (I2 = 0%), however, estimates from ELSA
tended to be larger and more precise. More social
participation at baseline slowed the rate of decline in
executive function (e.g., 0.01 [95% CI: 0.01, 0.02], I2 =
0.09%) (Fig. 4 and online suppl. File 2).

Pooled results in Figure 3 showed that compared with
those reporting low levels of perceived positive social

support, those in the middle of the distribution (i.e., −1
SD to 0 SD and 0 SD to 1 SD) had higher average ex-
ecutive function (0.04 [95% CI: 0.00, 0.08] and 0.07 [95%
CI: 0.04, 0.11], I2 < 0.01%). The association was no longer
observed when comparing those in the highest end of the
distribution (e.g., >1 SD) with those in the lowest (<−1
SD): −0.05 (95% CI: −0.1, 0.00, I2 = 0.01%). Similarly,
those in the middle of the distribution at baseline had a
slower decline in executive function, which was not
observed among those at the top of the distribution
(Fig. 4; online suppl. File 2).

ELSA was the only study with information on perceived
negative social support and executive function. Results from
this study showed that those in the middle of the distribution
had higher average executive function which attenuated for
those in the top endof the distribution (Fig. 3).While therewas
no evidence for perceived negative social support at baseline
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and the rate of decline in executive function, those in the top
end of the distribution tended to have a faster decline (−0.01
SD/year 95% CI: −0.01, −0.00, Fig. 4; online suppl. File 2).

Processing Speed

Structural Social Health Markers
Being married or cohabiting was associated with higher

average processing speed scores in SNAC-K only (0.14 SD
[95% CI: 0.06, 0.21], Fig. 1). Other estimates crossed the null
and overall, results were heterogenous (I2 = 75%). Results were
also slightly heterogeneous for the rate of decline (I2 = 32%),
with ELSA showing the clearest associations between being
married or cohabiting at baseline and 0.01 SD/year (95% CI:
0.00, 0.02) slower rate of decline in processing speed with
small estimates fromother studies (Fig. 2; online suppl. File 2).

There was some evidence for pooled associations
between having large network size (i.e., ≥6 people) and

average processing speed (Fig. 1, I2 ≤ 0.01%). Confidence
intervals from individual studies examining network size
and decline in processing speed cross the cross the null,
however, pooled analyses found having a larger network
size was associated with slower rate of decline in pro-
cessing speed (Fig. 2, e.g., 0.01 SD/year [95% CI: 0.00,
0.03] for ≥6 people vs. none, I2 = 0.18%)

There was no evidence for associations between fre-
quency of social contact and average processing speed
scores among included studies (Fig. 1, I2 = 0%). Similarly,
there was no evidence for frequency of social contact and
rate of decline in processing speed (Fig. 2, I2 ≤ 0.02%).

Functional Social Health Markers
Only ELSA and SNAC-K contributed to analyses

examining social participation and processing speed.
In ELSA, high social participation (≥4 activities) was
associated with 0.14 SD (95% CI: 0.03, 0.19) higher
average processing speed scores. Estimates were
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smaller and confidence intervals crossed the null for
SNAC-K (Fig. 3; online suppl. File 2). We did not
observe that social participation at baseline was
associated with the rate of decline of processing
speed (Fig. 4; online suppl. File 2); however, this was
heterogenous for those participating in ≥4 activities
with SNAC-K showing a 0.03 SD/year (95% CI: 0.00,
0.06) slower rate of decline that was not observed
in ELSA.

While confidence intervals for estimates in all
studies, expect for the Rotterdam Study, crossed the
null, pooled results indicated that those in the middle of
the distribution for perceived positive social support
had higher average processing speed (Fig. 3; online
suppl. File 2, I2 < 36%). Like memory and executive
function, this attenuated for those at the highest end of
the distribution. There was no clear evidence for as-
sociations between perceived social support and rate of
decline in processing speed, however, for those in the
middle of the distribution, results were heterogenous
(I2 ≥ 59%, Fig. 3l; online suppl. File 2).

We did not observe evidence for associations between
perceived negative social support and average processing
speed, which only included the twoUK studies (Fig. 3; online
suppl. File 2). Those in the middle of the distribution tended
to have slower decline in processing speed, but this was not
observed for those in the highest (Fig. 4; online suppl. File 2).

Sensitivity Analyses

Overall, additional adjustment for depressive symp-
toms slightly attenuated estimates but did not change
general interpretation (online suppl. File 2). Estimates
for the global or composite measures of cognitive ca-
pability were of a similar magnitude as the domain-
specific estimates and showed similar heterogeneity
between studies (online suppl. File 2). Being married or
cohabiting was associated with 0.07 SD (95% CI: 0.01,
0.15, I2 = 81%) higher average composite or global score
and slower rate of decline (0.01 SD/year [95% CI: 0.00,
0.02], I2 = 84%) decline per year, with the average as-
sociation being stronger for males (0.15 SD [95% CI:
0.06, 0.25]) than for females (0.03 SD [95% CI: −0.05,
0.11]; p value for subgroup difference = 0.05). Having a
larger network size (≥6 people vs. none) was associated
with a 0.15 SD (95% CI: 0.05, 0.24, I2 = 0%) higher
average composite or global score and a slower rate of
decline (0.02 SD/year [95% CI: 0.01, 0.03], I2 = 0.02%).
We observed no associations between frequency of
contact and the composite or global score of cognitive

capability. More frequent participation in social activ-
ities was associated with 0.37 SD (0.32, 0.41, I2 = 0.01%)
higher average composite score and a slower rate of
decline (0.02 SD/year [95% CI: 0.01, 0.02], I2 = 0.09%).
Compared with participants who reported having low
levels of positive social support or high levels of negative
support, those in the middle of the distribution (be-
tween −1 SD and 1 SD) had a higher average composite
or global score (e.g., 0.09 [95% CI: 0.05, 1.12, I2 = 0.2%]
for positive support and 0.14 [95% CI: 0.09, 0.18, I2 =
0.01%] for negative support), but we did not observe
associations with high positive support and low negative
support, nor with rate of decline for either of the support
measures.

Discussion

We applied an integrated analysis approach to data
from participants aged 50 years and older from four
longitudinal European studies. Overall, we found that
markers of good social health were associated with
higher average cognitive capability and slower rate of
cognitive decline. However, despite harmonisation of
measures and application of the same analytic protocol,
associations varied across studies, exposure type, and
cognitive domains.

When focusing on pooled estimates from our study,
findings support conclusions from previous research
suggesting distinct relationships between markers of
social health and cognitive domains [18, 27]. Findings
for structural markers of social health (marital or co-
habitation status, social network size, contact frequency)
were mixed — all were associated with executive
function, and network size was also associated with
processing speed. We did not observe associations be-
tween structural markers of social health and memory.
We did find associations between functional aspects of
social health (social participation, perceived received
positive and negative social support) across all cognitive
domains (except for negative social support and pro-
cessing speed). This result may reflect distinct mecha-
nisms underlying the associations between social health
and cognitive capability.

Active engagement and quality of interpersonal rela-
tionships are key components in our definition of
functional aspects of social health. While engagement
may be beneficial for cognitive capability through cog-
nitive stimulation [34], positive interpersonal relation-
ships may act as a buffer against stressful life events [23,
24]. This implies that functional aspects of social health
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may affect different aspects of cognitive capability
through several pathways. Our research also suggests that
social health may have distinct effects on specific cog-
nitive domains. We found that the functional aspects of
social health have a universal effect across all cognitive
domains, while the structural aspects of social health may
not be as relevant to aspects of memory.

One specific result requires further discussion. For
both positive and negative aspects of perceived received
social support, we observed non-linear relationships.
Compared to those in the lower end of the distribution
(<−1 SD), those in the middle scored higher on cognitive
tests, but this effect attenuated for the higher part of the
distribution (>1 SD). There are several potential expla-
nations for this. There may be a threshold for the ben-
eficial effects of social support on cognitive capability.
Alternatively, this could reflect reverse causality; partic-
ipants with lower cognitive capability at baseline may
already receive higher social support at baseline.

We also observed pooled associations between marital
or cohabitation status, network size, and social partici-
pation with the rate of decline in cognitive capability;
however, estimates were close to zero. It is possible that,
although the follow-up time in our study ranged from 11
to 18 years, it may take longer for many participants,
especially those who were younger at baseline, to expe-
rience the effect of social health on cognitive decline.
Alternatively, specific social health markers may convey a
protective effect on the baseline level of cognitive capa-
bility, namely by affecting its peak levels during the life
course, but less on the rate of its decline. US researchers
observed a similar association between education and
initial levels of global cognition but not with the rate of
cognitive change among older participants [35].

The goal of pooling estimates from different studies is
to provide a unified and precise estimate to support clear
conclusions [36]. There are several reasons why estimates
may not be the same between studies; variables may be
measured differently, statistical analyses might be dif-
ferent, characteristics of study populations may be dif-
ferent, and there might be a true difference in the effect of
interest between studies. A random effects meta-analysis
aims to incorporate the underlying between-study
variation [36]. With the coordinated approach taken,
we minimised heterogeneity due to measurement and
analytical approaches and focused our interpretation
on heterogeneity between studies as well as the pooled
estimate. NSHD is a birth cohort, and, therefore, is an
age homogeneous sample (all 53 years at baseline). A
noteworthy observation from our analyses is the ab-
sence of associations between social health and cog-

nitive capability in this cohort. This may be attributed
to the fact that participants were slightly younger at
baseline compared to those in other studies. Overall,
results for average processing speed were the most
homogenous and results for average memory were the
most heterogenous. We found heterogenous estimates
across studies for marital or cohabitation status and all
cognitive domains. Being married or cohabiting was
associated with higher average cognitive capability in
ELSA and SNAC-K. This was not observed in NSHD or
the Rotterdam Study. Conversely, we observed rela-
tively consistent associations between positive social
support and average cognitive capability. Similarly, we
observed associations participating in social activities
and higher average cognitive capability across all in-
cluded studies, although this may be because NSHD
and the Rotterdam Study did not contribute data to
these analyses. Results for social health and decline in
cognitive capability were relatively homogeneous
across studies, except for marital and cohabitation
status.

A major strength of our study was the inclusion of four
European studies, resulting in a large sample size and the
ability to examine replication of findings across datasets.
We applied a single framework and coordinated analyses
to multiple datasets, selected outcomes that were similarly
measured across studies, and harmonised variables as far
as possible. This approach has the advantage of reducing
conceptual and analytical heterogeneity. Associations
that are consistently observed across all studies support
the existence of a true effect (or lack thereof). This ap-
proach also highlights the importance of not relying on
single datasets. Where findings diverge between studies,
further exploration of study-specific or context-specific
consideration is needed, and caution is required when
interpreting the overall pooled effect. However, there are
limitations to our study. Assuming that attrition pre-
dominantly affected people with poor social health and
poor cognition, this could have led to an underestimation
of the relationships of interest. Despite our efforts to
harmonise measures, some of the heterogeneity in
findings between studies observed could be due to dif-
ferences in the wording of social health questions and the
distribution of social relationship variables. Importantly,
while we examine social health markers at baseline and
cognitive capability over a long follow-up, a bidirectional
association between social health and cognitive capability
cannot be ruled out. Although impairments in social
functioning have been described as part of the dementia
prodrome [37], few previous studies have directly ex-
amined this. Several studies have made inferences about
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reverse causality based on the length of follow-up, with
mixed findings. For example, in their paper examining
social contact and dementia risk, Sommerlad et al. [38]
argue that the 28-year follow-up in the Whitehall II study
is unlikely to be explained by reverse causality. Con-
versely, in the Betula study, a Swedish population-based
cohort, the protective effect of social relationships on
dementia risk was no longer observed after excluding
those with a survival time of less than 3 years. This
suggests that the association may reflect reverse causality
[39]. While further studies examining the direction of the
relationship between social health and cognitive capa-
bility are needed, it is also likely that the way in which
social health and cognitive capability are related will
depend on the dementia disease phase.

Inconsistencies in previous research exploring how
various facets of social health relate to cognitive ability
may be due to differences in methodology or analytical
techniques. While our study has progressed the subject by
reducing this methodological noise as much as possible
through the integrated data analysis approach, we focused
primarily on two domains of social health due to data
constraints. We undertook these analyses through the
lens of the social health framework. However, further
work exploring different aspects such as reciprocity and
autonomy are required to fully understand the role of
social health in cognitive capability.

In conclusion, we provide evidence that markers of
good social health have a positive association with
cognitive capability in later life. However, we found
differential associations between specific markers of
social health and cognitive domains, and not all
findings replicated consistently across datasets, high-
lighting the importance of examining between-study
differences and considering context specificity of
findings in developing and deploying any interven-
tions. Social contact is recognised as a key component
in dementia prevention, intervention, and care [40].
Understanding the mechanisms through which
markers of social health can affect cognitive capability
is a key next step to identify effective policy-level in-
terventions that target social health. As such, our
findings may guide future studies to determine if
promoting social health at old age may delay cognitive
decline.
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