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Introduction: Previous meta-analyses have linked social connections and mild cogni-

North America and Europe and examined a limited number of social connection

markers.

Methods: We used individual participant data (N = 39271, M,,, = 70.67 (40-102),

58.86% female, Meycation = 843 years, Myyjon-yp = 3.22 years) from 13 longitudinal

ageing studies. A two-stage meta-analysis of Cox regression models examined the

association between social connection markers with our primary outcomes.

Results: We found associations between good social connections structure and quality

and lower risk of incident mild cognitive impairment (MCI); between social structure

and function and lower risk of incident dementia and mortality. Only in Asian cohorts,

being married/in a relationship was associated with reduced risk of dementia, and

having a confidante was associated with reduced risk of dementia and mortality.

Discussion: Different aspects of social connections - structure, function, and quality -

are associated with benefits for healthy aging internationally.

KEYWORDS
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Highlights

* Social connection structure (being married/in a relationship, weekly community
group engagement, weekly family/friend interactions) and quality (never lonely)
were associated with lower risk of incident MCI.

* Social connection structure (monthly/weekly friend/family interactions) and func-
tion (having a confidante) were associated with lower risk of incident dementia.

* Social connection structure (living with others, yearly/monthly/weekly community
group engagement) and function (having a confidante) were associated with lower

risk of mortality.
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mortality.

1 | INTRODUCTION

The 2020 Lancet Commission estimated that eliminating social isola-
tion, one of 12 key modifiable risk factors for dementia, would reduce
global dementia prevalence by 4%. Social isolation is only one com-
ponent of the umbrella term social health, which encompasses an
individual’s social connections, as well as their capacity and capability
to interact meaningfully with others.23 Social connections are grouped
into three distinct domains: structure (e.g., relationship status, liv-
ing with others, frequency of interactions with friends, frequency of
community group engagement), function (e.g., social support, having a
confidante), and quality (e.g., relationship satisfaction, loneliness).*>

Social connections are theorized to provide neuroprotection and
compensation in the face of pathology.® A person’s social network
can influence their behavior, and have flow-on health effects.” For
example, social contagion theory states that health behaviors such as
smoking or exercise tend to cluster within social networks.8 Social con-
trol, through processes such as positive reinforcement or disapproval,
may also influence health behavior.? Another theory states that social
connections impact health via bridging and bonding pathways.1° The
bridging pathway involves having loose ties with the community pro-
viding cognitive stimulation and promoting cognitive reserve, while
bonding involves social support from close ties buffering against the
harmful effects of stress.'? The bonding pathway involves social con-
nection structure, function, and quality markers such as relationship
status, social support, and loneliness. Loneliness is a perceived lack of
social connection quality, as compared to the objective lack defining
social isolation.!?

Good social connections have been associated with lower risk
of incident mild cognitive impairment (MCI),'213 dementia,’*-1¢ and

mortality, 1721

and the results of numerous longitudinal studies have
been subjected to meta-analysis.'3-1621 A meta-analysis of six low-
and middle-income country (LMIC) cohorts found that loneliness was
a strong predictor of MCL.1® One meta-analysis of 12 longitudinal
studies found that living alone was associated with an elevated risk
of incident dementia (risk ratio = 1.30).14 Another meta-analysis of
19 longitudinal studies reported that low social participation, less
frequent social contact, and more loneliness, but not relationship satis-
faction, were associated with incident dementia.1® In contrast, another
meta-analysis of 31 cohort studies and 2 case-control studies found

that social isolation (i.e., small social network size) and social disen-

» Evidence from 13 longitudinal cohort studies of ageing indicates that social connec-

tions are important targets for reducing risk of incident MCl, incident dementia, and

* Only in Asian cohorts, being married/in a relationship was associated with reduced
risk of dementia, and having a confidante was associated with reduced risk of

dementia and mortality.

gagement, but not loneliness, were associated with increased risk of
dementia.’® In a meta-analytic review of 148 studies, social isolation,
living alone, and loneliness were associated with higher odds of mor-
tality compared to obesity and these findings were consistent across
sex, follow-up time, and region of the world.%!

Previous meta-analyses of the relationship between social connect-
edness, MCI and dementia have several limitations. These include
primarily using data from only high-income countries (HIC), princi-
pally North America and Europe, using aggregate data with estimates
obtained from models accounting for different sets of covariates,
and using inconsistent definitions of social connection markers. In
the current study, we used meta-analytic techniques to investigate
social connections and their associations with the risk of incident
MCI, incident dementia, and mortality (our primary outcomes) using
individual participant level data from low-, middle-, and high-income
countries across six continents, harmonized social connection markers,
and controlling for the same set of covariates across studies.

We hypothesized that good social connection structure (i.e., living
with others, being married, frequent community group engagement,
and frequent interactions with family and friends), function (i.e., social
support, having a confidante), and quality (i.e., high relationship satis-
faction, low levels of loneliness) would be associated with decreased
risk of incident MClI, incident dementia, and mortality.

Older adults’ social connections differ across world regions. The
2017 United Nations Report on Living Arrangements of Older Persons
found the proportions of older adults living alone was the highest in
Europe (27%) and North America (25%), and the lowest in Asia (7%).22
Additionally, the number of older adults in intergenerational house-
holds was the lowest in North America (19%) and Europe (20%) and
the highest in Asia (64%).22 Among the Organisation for Economic Co-
operation and Development (OECD) countries, a lower percentage of
people report having someone to rely on in Korea (79.4%) and in Japan
(88.4%) than in most OECD countries (90.4%).23 Additionally, people
socialize for fewer hours per week in Japan (4.9 h) and Korea (2 h)
compared to people in most OECD countries (6 h).23 While the Lancet
2020 Commission attributed 4% of dementia cases worldwide to social
isolation,! lower population attributable fractions for social isolation
have been reported for India (2%) and China (0.7%).2* Unlike existing
meta-analyses, we ran comparative exploratory analyses to investigate
ethnoregional differences in associations between social connections
and the risk of incident MCI, dementia and mortality.
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RESEARCH IN CONTEXT

1. Systematic Review: We searched for relevant meta-
analyses using platforms such as Web of Science and
PsycINFO. Social connections are associated with
increased risk of MCI, dementia, and mortality. Most
meta-analytic research relies on aggregate estimates
from North America and Europe.

2. Interpretation: Our results reveal that good social con-
nections (structure, function, and quality) reduced risk of
incident MCI, dementia, and mortality. Being married/in
a relationship reduced risk of dementia. Having a con-
fidante reduced risk of dementia and mortality only in
Asian cohorts.

3. Future Directions: Our study highlights the association
between good social connections and preservation or
enhancement of cognitive and physical health. We need
further research on mechanisms such as bridging and
bonding pathways, social contagion and social control to
better understand how social connections impact health.
We also need to develop interventions aimed at enhanc-
ing and preserving the social connections of older adults.

2 | METHODS

This study is presented using STROBE guidelines (Table S1). The cur-
rent study is a collaborative cohort meta-analytic study, rather than a

meta-analysis based on a systematic review.

2.1 | Ethics

This study was approved by the UNSW Human Rights Ethics Commit-
tee (HC200268). All cohort studies contributing data to this study had
prior ethics approval (Table S2).

2.2 | Sample

Individual participant level data (N = 39271, Mg, = 70.67 (40-102),
58.86% female, Megycation = 8.43 years, Myjion-up = 3.22 years) were
obtained from 13 longitudinal studies of ageing comprising 12 stud-
ies from the Cohort Studies of Memory in an International Consortium
(COSMIC)?> and the English Longitudinal Study of Ageing (see Table 1
for detailed characteristics and acronyms). COSMIC member cohorts
are independent studies using different methodologies and collecting
different types of data (beyond the core membership requirement of
cognitive data or dementia diagnoses). The cohorts included in this
study were those who responded to the data call and had appropri-
ate social connection data. All participants had at least two waves of

data, and almost all were community dwelling, with a small percentage

THE JOURNAL OF THE ALZHEIMER'S ASSOCIATION

of participants from LEILA75+ (11.7% from LEILA75+; 0.38% of whole
sample) in assisted living facilities.

2.3 | Measures

Social Connections Markers. Social connections markers addressed
structure (i.e., relationship status, living situation, community group
engagement, interactions with family/friends), function (i.e., having a
confidante, degree of social support), and quality (i.e., loneliness and
relationship satisfaction); all were harmonized in accordance with
previous COSMIC research.2é All harmonized social variables were
ordinal, categorical variables except for relationship status, living sit-
uation, and having a confidante, for example, degree of social support
was coded as 0 = None, 1 = Some, and 2 = Significant. Further informa-
tion related to the harmonization of these variables and their coding
can be found in Tables S3-510.

Loneliness data were only available in four studies (ELSA, LEILA75+,
the H70 Study, LRGS TUA), and only LRGS TUA used a validated lone-
liness scale (UCLA three-item loneliness scale). Similar single items for
loneliness were compared across each study (Table S10). The descrip-
tive statistics for the harmonized social connections markers can be
found in Table S11.

Covariates. We adjusted for age, sex, and education at baseline
in partially adjusted models featuring all 13 cohorts, and additionally
for depression, history of diabetes, hypertension, smoking, and car-
diovascular risk at baseline in fully adjusted models featuring the 10
cohorts with these data. All covariates were harmonized in accordance
with previous COSMIC research® (Tables $12-516). The descriptive
statistics for the harmonized covariates can be found in Table S17.

Outcome Variables. Our primary outcome variables were the risk of
all-cause incident MClI, incident dementia, and mortality. MCl was clas-
sified as scoring at least 1.5 SD below the mean of a cognitively normal
sample on one or more cognitive tests, and without a current diagnosis
of dementia.?” Not all studies captured subjective complaints, a core
diagnostic feature of MCI,28 so we were unable to include this criterion.
Descriptive statistics and standardization of cognitive tests addressing
global cognition and cognitive domains (i.e., memory, language, exec-
utive functioning, perceptual motor, and attention/processing speed)
used are described in Tables S18-519 and Text S1. Dementia was iden-
tified using consensus diagnoses or, where unavailable, established

cutoff scores for cognitive tests (see Table S20).

2.4 | Statistical analyses

All statistical analyses were conducted using R software?’ and R
packages survival®® for Cox regression models, mice®! for multiple
imputation, and metafor3? for meta-analyses.

We conducted two-stage individual participant level data (IPD)
meta-analyses® to pool estimates across studies. In the first stage, Cox
regressions3* were conducted for incident MCI, incident dementia, and
mortality with each social connection marker, adjusting for age, sex,
and education within each study.
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TABLE 1 Cohort characteristics—demographic variables.

Study Country
Bambui Cohort Study of Ageing (BAMBUI)3® Brazil
Chinese Longitudinal Study of Ageing (CLAS)®? China
English Longitudinal Study of Ageing (ELSA)*° England

Central African
Republic and
Republic of Congo

Epidemiology of Dementia in Central Africa
(EPIDEMCA)*!

Gothenberg H70 Birth Cohort Studies (the H70 Sweden
study)*?
Hellenic Longitudinal Investigation of Ageing & Greece

Diet (HELIAD)*®

Korean Longitudinal Study on Cognitive Agingand South Korea
Dementia (KLOSCAD)**

Leipzig Longitudinal Study of the Aged Germany
(LEILA75+)%°]

Neuroprotective Model for Healthy Longevity Malaysia
among Malaysian Older Adults Towards Using
Ageing (LRGS TUA)*¢]

Sydney Memory and Ageing Study (MAS)*7->0 Australia

Monongahela-Youghiogheny Healthy Aging Team  USA
(MYHAT)*8

Puerto Rican Elderly Health Conditions Study Puerto Rico
(PREHCO)*?

Singapore Longitudinal Study of Ageing (SLAS)*°  Singapore

Overall N/A

Years of
Sample Baseline and final Age at Sex (%  education at
size assessment waves baseline (SD) Female) baseline (SD)
1602 1997,2011 69.3(7.40) 60.05 2.70(2.95)
3059 2011,2018 71.11(7.86) 54.23 8.36(5.34)
9300 2014,2016-17 66.72(9.54)  55.39 11.43(1.82)
2001 2011-12,2015 73.68(6.71) 61.82 1.92(3.81)
1221 2000-04,2009-11 75.29(5.69) 78.38 9.58(4.09)
2032 2009-16,2013-18 73.12(5.75)  60.13 8.05 (5.04)
6749 2010-12,2017-18 70.46(7.08) 57.34 8.2(5.37)
1263 1996-98,2011-14 82.48 (5.30) 76.25 11.93(1.79)
2322 2013-14,2018-19 69.05(6.23)  52.02 5.14(3.99)
1037 2005-07,2011-14 78.84(4.82) 55.16 11.60(3.47)
1919 2006-08,2017-18 77.66(7.45)  60.97 10.85 (2.40)
3962 2002-03,2006-07 71.71(8.47) 59.84 7.84(4.65)
2804 2003-05,2007-09 66.02(7.69) 63.16 6.64 (4.60)
39271 N/A 70.67(8.73)  58.86 8.43(4.91)

Note: Sample size includes participants with MCl or Dementia at baseline (except for CLAS, ELSA).

These Cox regression models were used to determine hazard ratios
(HRs) for MCI, dementia, and mortality (see Table S21). We used time
in study (years) to compute event times and adjusted for age, sex,
and education at baseline. The proportional hazards assumption was
satisfied via Schoenfeld residuals. Participants’ mortality data were
censored at the final study wave if dying after this. Fully adjusted mor-
tality models were run with eight cohorts. Sensitivity analyses (partially
and fully adjusted models) were conducted using cause-specific mod-
els for incident MCI and dementia using cohort studies with mortality
data.

We explored ethnoregional differences between Western (ELSA,
The H70 Study, HELIAD, LEILA75+, MAS, MYHAT, PREHCO) and Asian
(CLAS, KLOSCAD, LRGS TUA, SLAS) cohorts using subgroup meta-
analyses. With only single studies from Africa and South America, we
did not include these in our ethnoregional analyses.

In the second stage, we used a random-effects meta-analysis with a
restricted maximum likelihood estimator (REML) to obtain a weighted
average of the HRs from all studies. Heterogeneity was measured using
72 and I2, and publication bias using Egger’s test and funnel plots.

Missing data. Under the missing at random assumption, missing
data for covariates and social connections markers with fewer than
50% missing data were imputed using multiple imputation by chained

equations, which was informed using auxiliary variables.3>3¢ The impu-
tation process produced 20 imputed data sets and results were pooled
using Rubin’s rules.3¢ Patterns of missing data were inspected visually
to confirm that missing data were related to auxiliary variables and to

reduce the impact of non-random missingness on the results.

3 | RESULTS

Baseline demographic and other characteristics of the cohort stud-
ies are summarized in Table 1. Incident MCI, incident dementia, and

mortality rates after baseline are presented in Table 2.

3.1 | Associations between social connections and
incident MCI, dementia, and mortality

Across both partially and fully adjusted models (see Figures 1-3 for
forest plots, Figures S1-S3 for funnel plots, and Table 3 for results),
being married/in a relationship, weekly community group engagement,
weekly interactions with friends/family, and never feeling lonely were
associated with lower MCI risk. Monthly/weekly interactions with

85U01 7 SUOWLLIOD) BATIE8ID 8|ceo![dde 8y Ag pausenob afe Sajoile O ‘88N JO Se|n Joj Akeiqi auljuo A3|1/ UO (SUONIPUOD-pUR-SWISIW0D" A8 | 1M AIg U1 UO//:SA1Y) SUORIPUOD pue Swis | 8U1 89S *[7202/90/20] Uo Areiq1 aulluO /8|1 ‘[1UN0D YoJessay [e2IPS Il PUY YIfesH [euoiieN Aq ZZ0ET Z[e/200T OT/I0p/wiod 8| im Ake.qipuljuo's feunol-ze//:sdny wouy pspeojumoqd ‘TT ‘€202 '6.252SST



MAHALINGAM ET AL.

Alzheimer’s &Dementia® | s

THE JOURNAL OF THE ALZHEIMER'S ASSOCIATION

TABLE 2 Annual Incidence of MCI, dementia, and mortality (per 1000 people per year) for each study.

Annual incidence

Annual incidence
of dementia per

Annual incidence
of mortality per

Study Country of MCI per 1000* 1000* 1000*
Bambui Cohort Study of Ageing (BAMBUI) Brazil 68.5 11.3 49.8
Chinese Longitudinal Study of Ageing (CLAS) China 134 26.3 N/A
English Longitudinal Study of Ageing (ELSA) England 34.5 5.6 N/A
Epidemiology of Dementia in Central Africa (EPIDEMCA) Central African 23 27.9 66.6
Republic and
Republic of Congo
Gothenberg H70 Birth Cohort Studies (the H70 study) Sweden 78.1 19.7 88.7
Hellenic Longitudinal Investigation of Ageing & Diet Greece 104 19.6 24.5
(HELIAD)
Korean Longitudinal Study on Cognitive Aging and South Korea 534 10 24.5
Dementia (KLOSCAD)
Leipzig Longitudinal Study of the Aged (LEILA75+) Germany 136 52.8 105
Neuroprotective Model for Healthy Longevity among Malaysia 182 8.37 41.7
Malaysian Older Adults Towards Using Ageing (LRGS
TUA)
Sydney Memory and Ageing Study (MAS) Australia 136 22.6 325
Monongahela-Youghiogheny Healthy Aging Team (MYHAT)  USA 117 11.9 48.9
Puerto Rican Elderly Health Conditions Study (PREHCO) Puerto Rico 48.2 3.42 38.6
Singapore Longitudinal Study of Ageing (SLAS) Singapore 36.2 11.5 18.0
Overall N/A 70.3 12.6 46

Note: *These rates are not age-adjusted.

friends/family and having a confidante were associated with lower
dementia risk. Living with others, yearly/monthly/weekly community
engagement, and having a confidante were associated with lower
mortality risk.

Sensitivity analyses (cause-specific models), as presented in Table
S22, largely replicated the main model results, exceptions being mar-
ried/in a relationship and incident MCI (not replicated in the partially
or fully adjusted models); and never feeling lonely and incident MCI
(replicated only in the partially adjusted models).

Some results were inconsistent between the partially and fully
adjusted models. Results found only in the partially adjusted models
were monthly interactions with family and friends and a high degree
of social support being associated with a decreased risk of MCI; never
feeling lonely decreasing the risk of dementia; being married/in a rela-
tionship, monthly, weekly interactions with family and friends, and high
degree of social support decreasing the risk of mortality. Results found
only in the fully adjusted models were being married/in a relationship,
and weekly engagement with community groups were associated with
lower risk of MCl and having a confidante with lower risk of mortality.

Although estimates of heterogeneity were low (12 = 0.00-34.02%),
we explored ethnoregional differences between Asian and Western
countries in the associations between social connection markers and
each of MCI, dementia, and mortality. Figure 4 shows the significant
estimates within each set of cohorts. We estimated each association
separately for both subgroups and compared these estimates (see
Table S23). While estimates for Asian cohorts were not significantly

different from those in Western cohorts, some effects were significant
within one set of cohorts but not the other. Estimates significant only in
Asian cohorts were weekly interactions with family and friends and a
high degree of social support reducing risk of MCI; being married or in
a relationship, a high degree of social support, having a confidante and
never feeling lonely reducing risk of dementia; and monthly/weekly
interactions with family and friends and having a confidante reducing
risk of mortality. Estimates significant only in Western cohorts were
never feeling lonely reducing risk of MCI; monthly/weekly commu-
nity group engagement, and high degree of social support reducing
risk of mortality. For both Western and Asian cohorts, monthly/weekly

interactions with family and friends reduced risk of dementia.

4 | DISCUSSION

We investigated the associations between social connection markers
and incident MCI, incident dementia and mortality in 13 longitudinal
studies of ageing. The results support our hypotheses that all three out-
comes are negatively associated with social connection structure (i.e.,
being in a relationship/married, living with others, frequent interac-
tions with family/friends, and frequent community group engagement),
function (i.e., social support, having a confidante), and quality (i.e., high
relationship satisfaction, never feeling lonely) markers.

Good social connections, that is, structure and quality, were asso-
ciated with lower risk of incident MCI. Specifically, lower risk of MCI
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Estimate [95% CI]

Study

STRUCTURE

Estimate [95% CI]

BAMBUI
ELSA

The H70 Study

KLOSCAD
LEILA
LRGSTUA
MAS
MYHAT

0.65 [0.48, 0.90]
0.76 [0.56, 1.05]
1.07 [0.64, 1.78]
1.4 [0.46, 4.52]
0.92[0.53, 1.60]
1.18[0.65, 2.17]
0.78[0.54, 1.12]
1.00 [0.66, 1.50]

Cox Model (Q =

Combined

88

6.67,df =7, p = 0.46; I” = 4.5%); 1 = 0.00
0.84[0.72, 0.98]

I
0 2 4
Effect Size

Being married or in a relationship

vs. single/never married

Weights (%) Estimate [95% CI]

BAMBUI
CLAS

ELSA

The H70 Study
HELIAD
KLOSCAD
LEILA
LRGSTUA
MAS

MYHAT

0.73[0.59, 0.92]
1.09[0.69, 1.70]
1.01[0.82, 1.25]
0.75[0.45, 1.25]
1.21[0.76, 1.93]
0.91[0.74, 1.12]
0.71[0.52,0.97]
1.20[0.89, 1.62]
0.270.07, 1.11]
0.93[0.79, 1.10]

%oémg?ﬁgg =15.93,df=9,p = 0.07; I =‘

72001 0.91[0.81,1.02]

T
o 1 2

Effect Size

Living with others

vs. living alone

Study

Weights (%) Estimate [95% CI]

BAMBUI

The H70 Study

MAS

061045, 0.82]
1.97 [0.60, 6.40]

0.76 [0.53, 1.09]

Cox Model (Q =3.98, df =2, p = 0.14; I = 17.6%); 1*=0.01

Combined

- 0.70[0.54,0.92]

Effect Size

Weekly community group engagement

Vs. never engaging

Weights (%) Estimate [95% CI]

BAMBUI

0.60 4.18 [0.58, 30.05]

ELSA
The H70 Study
HELIAD
KLOSCAD
MYHAT .

3.67 0.57[0.25, 1.26]
0.57 0.57[0.08, 4.31]
7.58 1.09 [0.62, 1.89]
78.32 0.79[0.66, 0.93]
9.26 1.00 [0.61, 1.65]

Cox Model (Q =5.43, df = 5, p = 0.37; I = 0.0%); 7*=0.00

Combined

100.00 0.82[0.70, 0.96]

Effect Size

Weekly interactions with family

vs. never interacting

Study

FUNCTION

Weights (%) Estimate [95% CI]

KLOSCAD

MYHAT

0.89 [0.71, 1.11]

0.87[0.67, 1.12]

Cox Model (Q =

Combined

0.02, df =1, p=0.88; I = 0.0%); * = 0.00
- 0.88[0.75, 1.04]

mm
0.6
Effect Size

High availability of social support

vs. no availability

Weights (%) Estimate [95% CI]

ELSA

The H70 Study
KLOSCAD
MYHAT

0.76 [0.42, 1.38]
0.84[0.64, 1.11]
1.04 [0.86, 1.26]
0.65 [0.37, 1.14]

Cox Model (Q=3.75, df = 3, p = 0.29; I = 29.3%); = 0.01

Combined -

0.90 [0.73, 1.09]

Tl

02 1

O Effect Size
Having a confidante

vs. not having a confidante

Study

QUALITY

Weights (%) Estimate [95% CI]

BAMBUI

The H70 Study

MYHAT

1.18[0.60, 2.31]

1.40 [0.19, 10.34]

0.82[0.44, 1.54]

Cox Model (@ =

Combined

0.70, df =

- 100.00 0.99[0.63, 1.55]

Effect Size

8—8 High relationship satisfaction

FIGURE 1

vs. low relationship satisfaction

ELSA

The H70 Study
LEILA
LRGSTUA

0.69 [0.48, 1.01]
0.57[0.29, 1.13]
0.73[0.49, 1.10]
1.05 [0.50, 2.19]

Cox Model (Q = 147, df = 3, p = 0.69; I* = 0.0%); T* = 0.0¢

Combined

R

- 0.72[0.57, 0.92]

T 1 1T 1T 1
0 05 1 15 2 25
Effect Size

Hardly ever feeling lonely

vs. often feeling lonely

Association between social connection markers and incident MCI (fully-adjusted models).
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DEMENTIA

Study

Weights (%)

Estimate [95% CI]

BAMBUI
ELSA

H70
KLOSCAD
LEILA
MAS

25.36
5.26
16.78
8.58
21.05
22.97

0.43[0.25, 0.73]
3.32(0.69, 16.00]
0.83[0.39, 1.77]
0.44[0.13, 1.43]
0.91[0.48, 1.72]
0.83[0.46, 1.50]

Cox Model (Q = 8.80, df = 5, p = 0.12; I = 34.1%); 1*=0.07
Combined

L
0 5 10 15 20
Effect Size

100.00

0.73[0.50, 1.06]

Being married or in a relationship

vs. single/never married

Study

Weights (%) Estimate [95% CI]
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STRUCTURE

Weights (%) Estimate [95% CI]

BAMBUI
ELSA

H70
HELIAD
KLOSCAD
LEILA
LRGSTUA
MYHAT

16.32 0.83 [0.54, 1.26]
10.42 2.21[1.27,3.84]
1.86 0.25[0.06, 1.03]
5.55 1.20[0.55, 2.66]
19.88 1.07 [0.74, 1.54]
21.29 1.11[0.78, 1.57]
6.09 1.02[0.48, 2.16]
18.59 1.09 [0.74, 1.60]

BAMBUI

The H70 Study
MAS

MYHAT

0.83 [0.46, 1.49]
0.570.12, 2.61]
0.75[0.41, 1.36]
0.62[0.24,1.61]

Cox Model (Q = 0.40, df = 3, p = 0.94; I’ = 0.0%); t* = 0.00
Combined <

| I I B B |
0 1 2 3
Effect Size

0.75[0.52, 1.08]

Weekly community group engagement

vs. never engaging

Weights (%) Estimate [95% CI]

KLOSCAD

MYHAT

0.79[0.54, 1.15]

1.421(0.78, 2.59]

Cox Model (Q = 2.65, df =i1, p = 0.10; I = 62.2%); ©*=0.11
Combined -

I
05 3
Effect Size

1.01[0.57,1.78]

é High availability of social support

vs. no availability

Weights (%) Estimate [95% CI]

Cox Model (Q = 12.14,
Combined

SFS) Li

vs.

Study

L df =7, p=0.10; I = 19.0%); ©* = 0.01
4

100.00 1.09[0.90, 1.33]

1 1 1
0o 1 2 3 4

Effect Size
ving with others

living alone

Weights (%) Estimate [95% CI]

BAMBUI

ELSA

The H70 Study
HELIAD
KLOSCAD
LEILA

MYHAT

6.66 0.29[0.10, 0.80]
1.71 0.62[0.08, 4.74]
- 1.46 0.03[0.00, 0.27]
8.30 0.99[0.39, 2.49]
- 66.81 0.611[0.44, 0.84]
— 1.82 1.22[0.17, 8.74]
- 13.23 0.46 [0.22, 0.96]

Cox Model (Q = 11.09, df = 6, p = 0.09; I = 0.0%); 7* =0.00
-

Combined

100.00 0.56 [0.43, 0.73]

T T
4 6 10
Effect Size

Weekly interactions with family and friends

vs.

Study

never interacting

FUNCTION

Weights (%) Estimate [95% CI]

ELSA

The H70 Study
KLOSCAD
MYHAT

- 0.43[0.13,1.39]

- 0.57[0.36, 0.90]
m

0.80 [0.57, 1.11]
. 0.640.26, 1.57]

Cox Model (Q = 2.03
Combined

(@)
[

Vs,

Study

, df =3, p = 0.57; I = 5.5%); 7 =0.01
- 0.68 [0.52, 0.89]

LI I I |
0 1 2
Effect Size

aving a confidante

not having a confidante

QUALITY

Weights (%) Estimate [95% CI]

BAMBUI
The H70 Study -

MYHAT

47.36

24.82

———————27.82

0.68[0.15, 3.07]
0.39[0.05, 3.18]

1.77[0.25, 12.73]

Cox Model (Q = 1.1, df = 2, p = 0.57; I = 0.0%); 7* = 0.00
Combined —

Effect Size

0.77[0.27, 2.19]

8—8 High relationship satisfaction

vs. low relationship satisfaction

FIGURE 2

ELSA

The H70 Study
LEILA
LRGSTUA

0.57 [0.26, 1.25]
0.76 [0.25, 2.29]
0.90 [0.59, 1.36]
0.31[0.07, 1.33]

Cox Model (Q = 2.57,
Combined

H

Vs

R

df =3, p = 0.46; I = 2.9%); 7*=0.0
- 0.76 [0.53, 1.08]

0 05 1 15 2 25

Effect Size

ardly ever feeling lonely

. often feeling lonely

Association between social connection markers and incident dementia (fully-adjusted models).
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FIGURE 3

Study Weights (%) Estimate [95% CI]

Study Weights (%) Estimate [95% CI]

BAMBUI . 2641 0.62[0.48, 0.79]
H70 . 2100 0.89[0.64, 1.24]
HELIAD - 1.24 0.38 [0.05, 2.80]
KLOSCAD -4 128 1.52[0.21,10.90]
LEILA . 1916 1.12[0.78, 1.62]
LRGSTUA 128 3.81[053,27.22]
MAS . 1431 069[0.43, 1.10]
MYHAT . 1532 0.84[0.53, 1.31]

BAMBUI 20.63 0.73[0.61, 0.88]
H70 10.77 0.84 [0.61, 1.15]
HELIAD 222 1.92[0.84, 4.36]
KLOSCAD - 14.68 0.811[0.63, 1.04]
LEILA 20.07 1.07 [0.89, 1.29]
LRGSTUA 10.77 0.811[0.58, 1.11]
MAS [ 0.40 0.58[0.08, 4.25]
MYHAT - 20.45 0.87[0.73, 1.05]

Cox Model (Q = 11.66, df = 7, p = 0.11; I* = 38.2%); T =0.03
Combined 4 10000  0.82[0.65, 1.03]

T T 1
15 20 25 30
Effect Size

V)
88 Being married or in a relationship

vs. single/never married

Study Weights (%) Estimate [95% CI]

Cox Model (Q = 12.42, df = 7, p = 0.09; I* = 39.5%); 1 =0.01
Combined ¢+ 100.00 0.87[0.77, 0.99]

0o 1 2 3 4 5
Effect Size

[a¥s] Living with others

vs. living alone

Study Weights (%) Estimate [95% CI]

BAMBUI - 62.67 0.55[0.44, 0.67]

The H70 Study - 8.36 0.50[0.28, 0.89]
MAS — 11.39 0.74[0.45, 1.21]
-

MYHAT 17.58 0.64 [0.43, 0.96]

BAMBUI — 16.82 1.08 [0.58, 2.03]
The H70 Study — 248 1.15[0.16, 8.37]
HELIAD - 9.15 0.58 [0.22, 1.50]
KLOSCAD 3 39.36 0.62[0.50, 0.77]
LEILA — 9.43 1.03 [0.40, 2.62]
MYHAT - 22.77 1.09[0.67,1.77]

Cox Model (Q = 1.75, df = 3, p = 0.63; I = 0.0%); * = 0.00

Combined - 0.58 [0.49, 0.68]
Tl

02 1

Effect Size

Weekly community group engagement

Vvs. never engaging

Weights (%) Estimate [95% CI]

Cox Model (Q =7.21, df =5, p = 0.21; I = 38.9%); 1" =0.03
-

Combined 100.00 0.82[0.59, 1.13]

T T
4 6 10
Effect Size
Weekly interactions with family and friends

vs. never interacting

FUNCTION

Weights (%) Estimate [95% CI]

KLOSCAD 0.97 [0.75, 1.25]

MYHAT 0.79[0.63, 1.00]

Cox Model (Q = 1.34, df = 1, p = 0.25; I = 25.1%); ©* =0,
Combined < 0.87[0.72, 1.06]

rmrmi
06 1.2

Effect Size

High availability of social support

vs. no availability

Study Weights (%) Estimate [95% CI]

The H70 Study 0.83[0.70, 0.99]
KLOSCAD 0.85[0.69, 1.04]

MYHAT . 0.77[0.47, 1.24]

BAMBUI 1.23[0.62, 2.43]
The H70 Study 2.02[0.48, 8.53]
LEILA 0.23[0.01,5.37]
MYHAT 2.97[1.10, 8.02]

Cox Model (Q = 0.14, df = 2, p = 0.93; I* = 0.0%); ©* = 0.00
Combined - 100.00 0.83[0.73, 0.95]

mrrm
04 1
Effect Size

/@)
8 % Having a confidante

vs. not having a confidante

QUALITY

Weights (%) Estimate [95% CI]

The H70 Study 0.90 [0.58, 1.38]
LEILA 1.03 [0.80, 1.34]

LRGSTUA X 0.72[0.30, 1.76]

Cox Model (Q = 3.64, df = 3, p = 0.30; I = 14.7%); 1 = 0.06
Combined < 1.621[0.89, 2.97]

rrrrr11
0 4 8

Effect Size

818 High relationship satisfaction

vs. low relationship satisfaction

Cox Model (Q = 0.75, df = 2, p = 0.69; I = 0.0%); t* = 0.0
Combined - 0.98 [0.79, 1.21]

T 1 1 1
0 05 1 15 2

Effect Size
fa

Hardly ever feeling lonely

vs. often feeling lonely

Association between social connection markers and mortality (fully-adjusted models).
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TABLE 3 Coxregression model results including partially and fully adjusted models.

Outcome Social connection marker

MCI

Dementia

Mortality

Married/in a relationship

Living with others

Community Group Engagement?

Yearly

Monthly

Weekly
Interactions with family/friends?

Yearly

Monthly

Weekly
High degree of Social Support
Having a confidante
High relationship Satisfaction
Never feeling lonely

Married/in a relationship

Living with others

Community Group Engagement?

Yearly

Monthly

Weekly
Interactions with family/friends?

Yearly

Monthly

Weekly
High degree of Social Support
Having a confidante

High relationship Satisfaction

Never feeling lonely

Married/in a relationship
Living with others

Community Group Engagement?

Yearly
Monthly
Weekly

Interactions with family/friends?

Yearly
Monthly
Weekly

High degree of Social Support
Having a confidante
High relationship Satisfaction

Never feeling lonely

Partially adjusted models

Fully adjusted models
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HR (95%Cl)
0.86(0.73,1.02)
0.91(0.82,1.01)

0.90(0.73,1.12)
1.00(0.82,1.23)
0.76 (0.56,1.03)

0.90(0.62,1.30)
0.85(0.72,0.99)
0.82(0.71,0.95)
0.83(0.71,0.97)
0.89(0.72,1.11)
0.95(0.62, 1.46)
0.62(0.50,0.77)
0.76 (0.52,1.11)
1.08(0.90, 1.30)

0.98(0.69, 1.40)
0.81(0.57,1.14)
0.76(0.54, 1.07)

0.87(0.54,1.42)
0.48 (0.35, 0.66)
0.53(0.41,0.67)
0.83(0.47,1.46)
0.68(0.46,1.02)
0.68(0.27,1.70)
0.63(0.40,0.99)
HR (95%Cl)

0.78(0.66,0.93)
0.91(0.81,1.01)

0.78(0.66,0.93)
0.61(0.52,0.72)
0.52(0.44,0.61)

0.77(0.50, 1.17)
0.80(0.66,0.96)
0.70(0.56,0.88)
0.79(0.67,0.93)
0.88(0.73,1.05)
1.34(0.85,2.13)
0.97(0.77,1.22)

17 (%)
2376
35.95

0.00
8.68
42.01

0.00
0.00
0.00
0.00
65.56
0.00
0.00
35.94
20.09

0.00
0.00
0.00

0.00
0.00
0.00
54.29
60.51
0.00
34.02
12 (%)
19.08
37.48

0.00
0.00
0.00

25.03
0.00
20.21
0.00
60.05
0.00
20.69

2
0.02
0.01

0.00
0.01
0.05

0.00
0.00
0.00
0.00
0.04
0.00
0.00
0.11
0.02

0.00
0.00
0.00

0.00
0.00
0.00
0.13
0.11
0.00
0.07

0.01
0.01

0.00
0.00
0.00

0.05
0.00
0.02
0.00
0.02
0.00
0.01

Egger’s test?
z=202,p=0.04

z=-0.76,p=0.44

z=1.66,p=0.10
z=042,p=0.68
z=1.35,p=0.18

z=1.15p=0.25
z=0.09,p=0.93
z=0.90,p=0.37

z=-0.06,p=0.95
z=-176,p=0.08

z=0.01,p=1.00
z=0.48,p=0.63
z=1.99,p=0.05

z=-0.03,p=0.98

z=-0.34,p=0.73
z=-0.40,p=0.69
z=-0.02,p=0.99

z=0.73,p=047

z=-0.46,p=0.64
z=-0.79,p=0.43
z=-0.68,p=0.50
z=-0.21,p=0.83

z=1.19,p=0.23

z=-2.06,p=0.04

Egger’s test?

z=-0.45p=0.65

z=0.54,p=0.59

z=-0.63,p=0.53

z=0.06,p=0.95
z=0.84,p=0.40

z=1.84,p=0.07
z=0.87,p=0.38
z=1.15,p=0.25

HR (95%Cl)
0.84(0.72,0.98)
0.91(0.81,1.02)

0.86(0.68,1.09)
1.05(0.81, 1.35)
0.70(0.54,0.92)

0.94(0.62,1.42)
0.87(0.73,1.04)
0.82(0.70,0.96)
0.88(0.75, 1.04)
0.90(0.73,1.09)
0.99(0.63,1.55)
0.72(0.57,0.92)
0.73(0.50, 1.06)
1.09(0.90, 1.33)

0.97 (0.67, 1.40)
0.83(0.58, 1.20)
0.75(0.52,1.08)

0.82(0.45,1.51)
0.49 (0.34,0.69)
0.56 (0.43,0.73)
1.01(0.57,1.78)
0.68(0.52,0.89)
0.77(0.27,2.19)
0.76(0.53, 1.08)
HR (95%Cl)

0.82(0.65,1.03)
0.87(0.77,0.99)

0.81(0.68,0.96)
0.67(0.57,0.80)
0.58(0.49,0.68)

0.86(0.44,1.70
0.91(0.66,1.26
0.82(0.59,1.13

)
)
)
0.87(0.72, 1.06)

z=-0.81,p=0.42 0.83(0.73,0.95)
z=-0.90,p=0.37 1.62(0.89,2.97)
z=-1.36,p=0.17 0.98(0.79,1.21)

17 (%)
4.67
38.13

0.00
15.75
17.48

0.00
3.31
0.01
0.00
29.33
0.00
0.00
34.07
19.03

0.00
0.00
0.00

0.00
0.00
0.00
62.21
5.53
0.00
2.94
12 (%)
38.21
39.48

0.02
0.00
0.00

50.09
40.02
38.89
25.14
0.00

14.73
0.00

2
0.00
0.01

0.00
0.01
0.01

0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.07
0.01

0.00
0.00
0.00

0.00
0.00
0.00
0.11
0.01
0.00
0.01

0.03
0.01

0.00
0.00
0.00

0.18
0.06
0.06
0.01
0.00
0.06
0.00

Egger’s test
z=2.12,p=0.03
z=-0.88,p=0.38

z=147,p=0.14
z=0.96,p=0.34
z=1.90,p=0.06

z=1.15p=0.25
z=0.75,p=0.45
z=0.99,p=0.32

z=-172,p=0.09
z=041,p=0.69
z=0.34,p=0.73
z=1.29,p=0.20
z=-1.04,p=0.30

z=-0.15,p=0.88
z=-0.08,p=0.93
z=-0.56,p=0.58

z=0.62,p=0.53
z=-0.87,p=0.38
z=-1.14,p=0.26

z=-1.03,p=0.30
z=0.06,p=0.95
z=-1.37,p=0.17
Egger’s test
z=0.96,p=0.34
z=0.63,p=0.53

2=-043,p=0.67
2=044,p=0.66
2=0.65p=0.52

z=149,p=0.14
z=1.13,p=0.26
z=0.90,p=0.37
z=-0.33,p=0.74
z=-0.78,p=0.43
z=-0.86,p=0.39

Note: The reference groups for the social connection markers were single/never married (vs. married/in a relationship), living alone (vs. living with
others), never engaging in community activities (vs. yearly/monthly/weekly community group engagement), never interacting with family/friends (vs.
yearly/monthly/weekly interactions with family/friends), low degree of social support (vs. high degree of social support), not having a confidante (vs. having a
confidante), low relationship satisfaction (vs. high relationship satisfaction), and often feeling lonely (vs. never feeling lonely).
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was associated with being married/in a relationship, weekly commu-
nity group engagement, weekly interactions with family and friends
and never feeling lonely. The association between regular commu-
nity group engagement, interactions with friends/family and lower risk
may partially be explained by higher levels of physical activity,®” social
contagion of protective health behaviors,”® or the stress buffering
effect of close relationships.® Our findings on interactions with fam-
ily and friends are consistent with a previous study that found frequent
phone contact with family and friends reduced odds of MCI.38 Addi-
tionally, the association between loneliness and MCI confirmed the
findings of two previous studies.'213 We did not find an association
between social connection function and MCI risk. Previous research
shows lower levels of social support for people with MCI compared to
cognitively healthy individuals3? but there is a lack of longitudinal stud-
ies examining the association between low social support and risk of
incident MCl over time.

Similarly, good social connection structure (monthly/weekly inter-
actions with family and friends) and function (having a confidante)
were associated with lower risk of dementia. Similar to the pathways
for reducing risk of MCI, having frequent contact with family and
friends may promote protective health behaviors such as physical
activity through social control.”?37 The association between having
a confidante and lower dementia risk supports the hypothesized
bonding pathways between social connections and cognitive health,
whereby close ties are thought to play a stress buffering role via
the neuroendocrine and hypothalamus-pituitary-adrenal axis (HPA)
axis function.’® Contrary to our hypothesis, we did not find an
association between social connection quality and risk of dementia,
which mirrors findings in one meta-analysis,’® but not in another.
Given that we found loneliness was associated with risk of MCI, and
previously that it is associated with cognitive decline,* it is possible
that loneliness needs early targeting to affect the course of demen-
tia progression. The effects of loneliness on dementia progression
may be reduced through the maintenance of high social reserve,
which involves the ability to form and maintain meaningful social
relationships.*©

In line with our hypothesis, social connection structure and func-
tion were associated with decreased risk of mortality. Our findings
regarding structural facets of social connections including living with
others and community group engagement confirms results of previous
studies.!’~21 As with dementia, however, we did not find an associa-
tion between social connection quality and mortality. This contrasts
with other meta-analyses that found loneliness was associated with
increased risk of mortality2%21; however, these studies used continu-
ous loneliness scales rather than the single-item loneliness questions
to which we were restricted.

Poor social connections may increase mortality risk via multiple
mechanisms. In the UK Biobank cohort study, excess mortality risk
was associated with poor social connection structure, whereas loneli-
ness was associated with socioeconomic status, unhealthy behaviors,
poor mental health, and poor self-rated health.*! A recent systematic
review highlighted multiple meta-analyses which found associations

between social connections, poor biological health, poor psychologi-

cal health, poor lifestyle, and increased morbidity and mortality.” This
includes poor social connections being associated with elevated activ-
ity of the sympathetic nervous system and altered function of the HPA
(glucocorticoid resistance), which interact and promote chronic inflam-
mation, potentially leading to multiple health conditions.> For instance,
in the MIDUS study, social support provided by high-quality close ties,
such as marriage, were associated with a lower composite score of
biological risk related to cardiovascular functioning, HPA axis activity,
inflammation, nervous system functioning, and metabolism.*2

Ethnoregional comparisons revealed that certain estimates were
significant within a set of either Western or Asian cohorts, but these
estimates were not significantly different between Western versus
Asian cohorts. Being married/in a relationship reduced risk of demen-
tia only in Asian cohorts, which may be related to greater stigma
and ostracism related to being unmarried in Asian culture.*> Monthly
or weekly community group engagement reduced risk of mortality
only in Western cohorts, which may be related to fewer people per
household in Western countries?? and seeking diversity in types of
social connections.** Frequent interactions with family and friends
reduced risk of MCI, dementia, and mortality in Asian cohorts, but
only reduced risk of dementia in Western cohorts. Given that commu-
nity group engagement reduced risk of mortality in Western cohorts,
it may be that people in Western countries receive health benefits
via structured community activities rather than informal interactions.
Structured community group activities such as exercise groups may
provide not only social but cognitive and physical stimulation, which is
related to the bridging pathway of social connections increasing cog-
nitive reserve.’® Having a confidante reduced risk of dementia and
mortality only in Asian cohorts. In Asian countries, there is a sense
of shame related to asking for emotional support,*®> and overcom-
ing this stigma may have benefits for those who confide in others.
High degree of social support and never feeling lonely did not have
a consistent pattern of results, which may be due to a low number
of cohorts with available data resulting in wide confidence intervals.
These results should be interpreted with caution, as there is significant
heterogeneity within Asian cohorts.

The possibilities for reverse causality should also be considered,
despite our longitudinal design. It may be that cognitive and physical
difficulties may have already impacted social connections at baseline
in our study. Given the decades-long build-up of neuropathology in the
case of MCl/dementia and initial symptoms such as social withdrawal
or depression, individuals may become socially isolated and less con-
nected over time. Physical conditions leading eventually to death may
also be related to symptoms such as fatigue and social withdrawal.
Other people may also begin to distance themselves from people expe-
riencing cognitive or physical difficulties who become depressed or

experience difficulties participating in social activities.

41 | Strengths

Our study used individual participant data instead of aggregate data

typically used in meta-analyses. This approach provides detailed
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FIGURE 4 Association between social connection markers and mortality (partially-adjusted models) within Asian and Western cohorts.

information at the participant level and allows us to control for
the same set of covariates across studies, enabling comparisons
of estimates between these studies. We used a large sample of 13
longitudinal cohort studies of ageing and while previous studies used
data primarily from North America and Europe, we also included
data from South America, Africa, Asia, and Australia. Further, we
investigated a wide range of social connection markers. We found
no significant differences between seven Western and four Asian
cohort studies in the associations between social connections and
risks of MCI, dementia or mortality. We examined the social connec-

tion markers separately rather than combining them into composite

scores for social connection structure, function, and quality. While
markers are correlated to some extent, examining each marker
individually allows us to make specific recommendations about the
type and amount of social connections required to reduce one’s risk
of dementia or mortality. Additionally, many studies focusing on
dementia incidence do not account for the possibility of dying before
experiencing MCl/dementia, which can result in biased estimates of
associations between risk factors and dementia. We ran sensitivity
analyses (cause-specific models) for incident MCl and dementia
using studies with mortality data and observed mostly similar

results.
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42 | Limitations

This study was a collaborative cohort study using data from ELSA
and COSMIC studies which answered to the data call, rather than a
systematic review with a meta-analysis. While a systematic review
meta-analysis is the gold standard for aggregate data meta-analyses, it
would be impractical to obtain access to, harmonize and analyze raw
individual participant data from all relevant longitudinal ageing studies.
Notably, our funnel plots did not show evidence of publication bias.
The harmonization of data in our study prevented analysis using highly
detailed measures of social connections, as we were limited by studies
lacking such data. We could only use algorithmic classification of MCI
that did not consider subjective cognitive complaints, as consistent
data for these or consensus MCI diagnoses were lacking a across stud-
ies. Despite removing participants with dementia or MCI at baseline in
the relevant models, reverse causality may have influenced our results
given a relatively shorter mean follow-up time of 3.22 years (range
0-16 years). As the cohort studies had more social connection struc-
ture markers, than social connection function and quality markers, the
results may reflect a conceptual bias. We were unable to compare with
African and South American cohorts due to the lack of multiple cohorts

from these continents.

4.3 | Future directions

Our study clarifies which social connection markers are associated
with reduced risk of MCI, dementia, and mortality. Future studies may
further explore the causal pathways (such as bridging and bonding,
social contagion, or social control) from social connection markers
to cognitive, mental, and physical health. The use of validated scales
(rather than single questions) would allow more fine-grained analy-
ses and identification of minimum thresholds of social connections
for promoting cognitive reserve and physical health. Additional work
is required to understand the social health ‘capacity to meaningfully
engage with others’, as we currently lack a theoretical understanding
of, and assessments for, this component of social health. The next steps
would be to determine whether interventions to improve social health
can change cognitive trajectories.

Our results lead to recommendations for maintaining social connec-
tions for healthy ageing. Social prescribing by doctors, geriatricians,
and allied health may help middle-aged and older adults in the commu-
nity to reduce their risk of dementia or mortality.*¢ Examples could be
encouraging older adults to engage in weekly interactions with friends
or family, or in weekly community engagement, and or to live with

others (including in intergenerational households).

5 | CONCLUSIONS

Harmonized individual participant level data from 13 longitudinal
cohort studies of ageing support the associations between good social
connections and lower risk of incident MCI, incident dementia, and
mortality.

AUTHOR CONTRIBUTION

Gowsaly Mahalingam & Suraj Samtani- Conceptualization, data cura-
tion, investigation, formal analysis, methodology, project administra-
tion, validation, visualization, writing- original draft; writing- review
& editing. Ben Chun Pan Lam- methodology; writing- original draft;
writing- review & editing. Darren M Lipnicki: Conceptualization,
data curation, methodology, writing- review & editing. Henry Bro-
daty, Perminder S Sachdev, and Yun-Hee Jeon: Conceptualization,
funding acquisition, investigation, methodology, supervision, writing-
review & editing. Maria Fernanda Lima-Costa, Erico Castro-Costa,
Xiao Shifu, Maélenn Guerchet, Pierre-Marie Preux, Ingmar Skoog,
Nikolaos Scarmeas, Ki-Woong Kim,Steffi Riedel-Heller, Suzana Sha-
har, Mary Ganguli, Michael Crowe, Tze Pin Ng- data curation, funding
acquisition, writing- review & editing. Joanna Rymaszewska, Karin
Wolf-Ostermann, Anna-Karin Welmer, René Mélis, Myrra Vernooij-
Dassen: funding acquisition, writing- review & editing. Sergio Luis
Blay, Antoine Gbessemehlan, Jenna Najar, Therese Rydberg Sterner,
Mary Yannakoulia, Themis Dardiotis, Susanne Rohr, Alexander Pabst,
Katya Numbers, Tiffany F. Hughes, Chung-Chou H. Chang, Xinyi Gwee,

Denise Qian Ling Chua, Jean Stafford—writing- review & editing.

ACKNOWLEDGMENTS

COSMIC management: The head of COSMIC is PSS, and the Study
Co-Ordinator is DML. The Research Scientific Committee (RSC) leads
the scientific agenda of COSMIC and provides ongoing support and
governance; it is comprised of member study leaders. The COSMIC
Research Scientific Committee and additional principal investigators
are listed at https://cheba.unsw.edu.au/consortia/cosmic/scientific-
committee. We thank the participants and their informants for their
time and generosity in contributing to this research. We also acknowl-
edge the research teams for the contributing cohort studies. Two
authors (GM and SSa) accessed and verified the data.

This work was supported by the JPND project Social health and
reserve in the dementia patient journey (SHARED). In Australia,
the project is funded by the NHMRC (National Health and Medical
Research Council; Grant number APP1169489) and awarded by the
JPND. In Sweden, the project is funded by The Swedish Research
Council for Health, Working Life, and Welfare (FORTE grant no.:
2018-01888). Funding for COSMIC comes from the National Institute
on Aging of the National Institutes of Health under Award Num-
ber 1RF1AG057531-01. The EPIDEMCA study was funded by the
French National Research Agency (ANR-09-MNPS-009-01), the AXA
Research Fund (grant 2012 - Project Public Health Institute (Inserm)
- PREUX Pierre-Marie) and the Limoges University Hospital through
its APREL scheme. The Bambui Cohort Study of Ageing was funded
by Financiadora de Estudos e Projetos (FINEP), Conselho Nacional
de Desenvolvimento Cientifico e Tecnoldgicos (CNPq), and Fundacdo
de Amparo Pesquisa do Estado de Minas Gerais (FAPEMIG). HELIAD
cohort funding from Alzheimer’s Association, European Social Fund,
and Greek Ministry of Health. LEILA75+ funding: the Interdisciplinary
Centre for Clinical Research at the University of Leipzig (Interdiszi-
plindres Zentrum fir Klinische Forschung/IZKF; grant 01KS9504).
LRGS TUA was funded by Long-Term Research Grant Scheme (LRGS),

85U01 7 SUOWLLIOD) BATIE8ID 8|ceo![dde 8y Ag pausenob afe Sajoile O ‘88N JO Se|n Joj Akeiqi auljuo A3|1/ UO (SUONIPUOD-pUR-SWISIW0D" A8 | 1M AIg U1 UO//:SA1Y) SUORIPUOD pue Swis | 8U1 89S *[7202/90/20] Uo Areiq1 aulluO /8|1 ‘[1UN0D YoJessay [e2IPS Il PUY YIfesH [euoiieN Aq ZZ0ET Z[e/200T OT/I0p/wiod 8| im Ake.qipuljuo's feunol-ze//:sdny wouy pspeojumoqd ‘TT ‘€202 '6.252SST


https://cheba.unsw.edu.au/consortia/cosmic/scientific-committee
https://cheba.unsw.edu.au/consortia/cosmic/scientific-committee

MAHALINGAM ET AL.

Alzheimer’s &Dementia® | s

the Ministry of Higher Education (LRGS/BU/2012/UKM-UKM/K/01).
MAS was funded by the National Health and Medical Research Council
(NHMRC; grant numbers APP350833, APP568969,and APP1093083)
in Australia. Funding for MYHAT grant R37AG023651 made by NIA to
the University of Pittsburgh.

Open access publishing facilitated by University of New South
Wales, as part of the Wiley - University of New South Wales agreement
via the Council of Australian University Librarians.

CONFLICT OF INTERESTS STATEMENT

H.B. declares consulting fees from Biogen, Advisory Board fees from
Eisai, Nutricia, Roche. Skin2Neuron and Cranbrook Care, and grant
funding through JPND from NHMRC Australia. DML declares funding
to the institution: NIA/NIH Award #RF1AG05753 1RF1AG057531-
01. PS.S. declares payments for Advisory Board meetings for Biogen
Australia and Roche Australia, and funding to the university another
cohort study (OATS; not included in the current manuscript). S.Sa.
declares payments for lectures from NYU Sydney and University of
Sydney, and grant funding from Dementia Australia Research Founda-
tion (not for current manuscript) and grant funding from EU-JPND and
NHMRC Australia. NS declares Albert Einstein College of Medicine—
NIH funded study—Chair of Data Safety Monitoring Board (not related
to current manuscript). All other authors do not have any conflicts of
interest to declare. Author disclosures are available in the supporting

information.

DATA AVAILABILITY STATEMENT

All aggregate participant data are presented either in the manuscript
or appendix. Individual participant data cannot be made publicly avail-
able because they are protected by a confidentiality agreement. Data
were provided by the contributing studies to COSMIC on the under-
standing and proviso that the relevant study leaders be contacted for
further use of their data and additional formal data sharing agreements
be made. Researchers can apply to use COSMIC data by completing a
COSMIC Research Proposal Form available from https://cheba.unsw.

edu.au/consortia/cosmic/research-proposals.

CONSENT STATEMENT
All participants provided informed consent.

REFERENCES

1. Livingston G, Huntley J, Sommerlad A, et al. Dementia prevention,
intervention, and care: 2020 report of the Lancet Commission. The
Lancet. 2020;396:413-446. doi: 10.1016/50140-6736(20)30367-6

2. Huber M, Knottnerus JA, Green L, et al. How should we define health?
BMJ.2011;343:d4163.doi: 10.1136/bmj.d4163

3. Droes RM, Chattat R, Diaz A, et al. Social health and dementia: a
European consensus on the operationalization of the concept and
directions for research and practice. Aging Ment Health. 2017;21:4-17.
doi: 10.1080/13607863.2016.1254596

4. Samtani S, Mahalingam G, Lam BCP, et al. Associations between social
connections and cognition: a global collaborative individual partici-
pant data meta-analysis. Lancet Healthy Longev. 2022;3:e740-53. doi:
10.1016/52666-7568(22)00199-4

10.

12.

14.

15.

16.

17.

18.

19.

20.

21.

THE JOURNAL OF THE ALZHEIMER'S ASSOCIATION

. Holt-Lunstad J. The major health implications of social connection.

Curr Dir Psychol Sci J Am Psychol Soc. 2021;30:251-259. doi: 10.1177/
0963721421999630

. Fratiglioni L, Marseglia A, Dekhtyar S. Ageing without dementia:

can stimulating psychosocial and lifestyle experiences make a differ-
ence? Lancet Neurol. 2020;19:533-543. doi: 10.1016/51474-4422(20)
30039-9

. Valente TW. Social Networks and Health : Models, Methods, and Applica-

tions. Oxford University Press; 2010. Incorporated.

. Christakis NA, Fowler JH. Social contagion theory: examining dynamic

social networks and human behavior. Stat Med. 2013;32:556-577. doi:
10.1002/sim.5408

. Craddock E, vanDellen MR, Novak SA, Ranby KW. Influence in

relationships: a meta-analysis on health-related social control. Basic
Appl Soc Psychol. 2015;37:118-130. doi: 10.1080/01973533.2015.
1011271

Perry BL, McConnell WR, Coleman ME, Roth AR, Peng S, Apostolova
LG. Why the cognitive “fountain of youth” may be upstream: path-
ways to dementia risk and resilience through social connectedness.
Alzheimers Dement J Alzheimers Assoc. 2022;18:934-941. doi: 10.1002/
alz.12443

. Blazer D. Social isolation and loneliness in older adults—A mental

health/Public health challenge. JAMA Psychiatry. 2020,;77:990-991.
doi: 10.1001/jamapsychiatry.2020.1054

Lobo A, LéPez-Antén R, De-La-CAmara C, et al. Non-cognitive
psychopathological symptoms associated with incident mild cog-
nitive impairment and dementia, alzheimer’s type. Neurotox Res.
2008;14:263-272.doi: 10.1007/BF03033815

. Smith L, Bloska J, Jacob L, et al. Is loneliness associated with mild cog-

nitive impairment in low- and middle-income countries? Int J Geriatr
Psychiatry. 2021;36:1345-1353. doi: 10.1002/gps.5524

Desai R, John A, Stott J, Charlesworth G. Living alone and risk of
dementia: a systematic review and meta-analysis. Ageing Res Rev.
2020;62:101122. doi: 10.1016/j.arr.2020.101122

Kuiper JS, Zuidersma M, Oude Voshaar RC, et al. Social relationships
and risk of dementia: a systematic review and meta-analysis of longi-
tudinal cohort studies. Ageing Res Rev. 2015;22:39-57. doi: 10.1016/j.
arr.2015.04.006

Penninkilampi R, Casey A-N, Singh MF, Brodaty H. The associa-
tion between social engagement, loneliness, and risk of dementia: a
systematic review and meta-analysis. J Alzheimers Dis. 2018;66:1619-
1633.doi: 10.3233/JAD-180439

Falvey JR, Cohen AB, O’Leary JR, Leo-Summers L, Murphy TE, Ferrante
LE. Association of social isolation with disability burden and 1-Year
mortality among older adults with critical illness. JAMA Intern Med.
2021;181:1433-1439.doi: 10.1001/jamainternmed.2021.5022
Heffner KL, Waring ME, Roberts MB, Eaton CB, Gramling R. Social iso-
lation, C-reactive protein, and coronary heart disease mortality among
community-dwelling adults. Soc Sci Med. 2011;72:1482-1488. doi: 10.
1016/j.socscimed.2011.03.016

Higueras-Fresnillo S, Cabanas-Sanchez V, Garcia-Esquinas E,
Rodriguez-Artalejo F, Martinez-Gomez D. Physical activity atten-
uates the impact of poor physical, mental, and social health on
total and cardiovascular mortality in older adults: a population-
based prospective cohort study. Qual Life Res Int J Qual Life Asp
Treat Care Rehabil. 2018;27:3293-3302. doi: 10.1007/s11136-018-
1974-5

Elovainio M, Lahti J, Pirinen M, et al. Association of social isolation,
loneliness and genetic risk with incidence of dementia: UK Biobank
Cohort Study. BMJ Open. 2022;12:e053936. doi: 10.1136/bmjopen-
2021-053936

Holt-Lunstad J, Smith TB, Layton JB. Social relationships and mor-
tality risk: a meta-analytic review. PLOS Med. 2010;7:e1000316. doi:
10.1371/journal.pmed.1000316

85UB017 SUOLIWIOD BANER1D) el jdde aup Aq pausenob @8 Sajo1e O (8N JO S3IN. Joj Akl 8U1JUO A8]IM UO (SUORIPUOD-PUR-SLLLRYWO /B 1M ARe.q 1 Bu1|UO//SANY) SUORIPUOD PUe SW L U3 88S *[202/90/20] UO A%iq1T8uIIUO AB]IM ‘|PUN0D YoKeasay [eIIPSIN PUY LRESH FUOHEN AQ Z0ET Z[B/200T OT/I0p/W00" Ao 1M AReq 1 jeul|uo'SeuIno -z [e//sduy wioiy pepeojumoa ‘TT ‘€202 ‘6.252SGT


https://cheba.unsw.edu.au/consortia/cosmic/research-proposals
https://cheba.unsw.edu.au/consortia/cosmic/research-proposals
https://doi.org/10.1016/S0140-6736(20)30367-6
https://doi.org/10.1136/bmj.d4163
https://doi.org/10.1080/13607863.2016.1254596
https://doi.org/10.1016/S2666-7568(22)00199-4
https://doi.org/10.1177/0963721421999630
https://doi.org/10.1177/0963721421999630
https://doi.org/10.1016/S1474-4422(20)30039-9
https://doi.org/10.1016/S1474-4422(20)30039-9
https://doi.org/10.1002/sim.5408
https://doi.org/10.1080/01973533.2015.1011271
https://doi.org/10.1080/01973533.2015.1011271
https://doi.org/10.1002/alz.12443
https://doi.org/10.1002/alz.12443
https://doi.org/10.1001/jamapsychiatry.2020.1054
https://doi.org/10.1007/BF03033815
https://doi.org/10.1002/gps.5524
https://doi.org/10.1016/j.arr.2020.101122
https://doi.org/10.1016/j.arr.2015.04.006
https://doi.org/10.1016/j.arr.2015.04.006
https://doi.org/10.3233/JAD-180439
https://doi.org/10.1001/jamainternmed.2021.5022
https://doi.org/10.1016/j.socscimed.2011.03.016
https://doi.org/10.1016/j.socscimed.2011.03.016
https://doi.org/10.1007/s11136-018-1974-5
https://doi.org/10.1007/s11136-018-1974-5
https://doi.org/10.1136/bmjopen-2021-053936
https://doi.org/10.1136/bmjopen-2021-053936
https://doi.org/10.1371/journal.pmed.1000316

si:s | Alzheimer’s &Dementia®

22.

23.

24.
25.

26.

27.
28.
29.
30.

31.

32.

33.

34.
35.
36.
37.

38.

39.

40.

MAHALINGAM ET AL.

THE JOURNAL OF THE ALZHEIMER’S ASSOCIATION

United Nations, Department of Economic and Social Affairs, Popula-
tion Division. Living Arrangements of Older Persons: A Report on an
Expanded International Dataset. Accessed June 22, 2021. (ST/ESA/
SER.A/407).2017.

OECD. How's Life? 2020: Measuring Well-being. OECD; 2020. doi: 10.
1787/9870c393-en

Mukadam N, Sommerlad A, Huntley J, Livingston G. Population
attributable fractions for risk factors for dementia in low-income
and middle-income countries: an analysis using cross-sectional sur-
vey data. Lancet Glob Health. 2019;7:€596-603. doi: 10.1016/52214-
109X(19)30074-9

Sachdev PS, Lipnicki DM, Kochan NA, et al. COSMIC (Cohort Studies
of Memory in an International Consortium): an international consor-
tium to identify risk and protective factors and biomarkers of cognitive
ageing and dementia in diverse ethnic and sociocultural groups. BMC
Neurol. 2013;13:165. doi: 10.1186/1471-2377-13-165

Samtani S, Mahalingam G, Lam BCP, et al. Associations between
social connections and cognition: a global collaborative individual par-
ticipant data meta-analysis. Lancet Healthy Longev. 2022;3(11):e740-
e753.

American Psychiatric Association. Diagnostic and statistical manual
of mental disorders: DSM-5-TR. Fifth edition, text revision. American
Psychiatric Association Publishing; 2022.

Winblad B, Palmer K, Kivipelto M, et al. Mild cognitive impairment
- beyond controversies, towards a consensus: report of the Interna-
tional Working Group on Mild Cognitive Impairment. J Intern Med.
2004;256:240-246.doi: 10.1111/j.1365-2796.2004.01380.x

R Core Team. R: A Language and Environment for Statistical Comput-
ing 2023.

Therneau TM, A Package for Survival Analysis in R 2023.

van BuurenS, Groothuis-Oudshoorn K. mice: multivariate imputation
by chained equations in R. J Stat Softw. 2011;45:1-67. doi: 10.18637/
jss.v045.i03

Viechtbauer W. Conducting meta-analyses in R with the metafor
package. J Stat Softw. 2010;36:1-48. doi: 10.18637/jss.v036.i03

Riley RD, Lambert PC, Abo-Zaid G. Meta-analysis of individual partici-
pant data: rationale, conduct, and reporting. BMJ. 2010;340:c221. doi:
10.1136/bmj.c221

Cox DR. Regression models and life-tables. J R Stat Soc Ser B Methodol.
1972;34:187-202. doi: 10.1111/j.2517-6161.1972.tb00899.x
Schafer JL, Graham JW. Missing data: our view of the state of the art.
Psychol Methods. 2002;7:147-177.

Little RJA, Rubin DB. Statistical analysis with missing data. 3rd ed. Wiley;
2020.

Kikuchi H, Inoue S, Fukushima N, et al. Social participation among
older adults not engaged in full- or part-time work is associated with
more physical activity and less sedentary time. Geriatr Gerontol Int.
2017;17:1921-1927.doi: 10.1111/ggi.12995

Gardener H, Levin B, DeRosa J, et al. Social connectivity is related
to mild cognitive impairment and dementia. J Alzheimers Dis JAD.
2021;84:1811-1820. doi: 10.3233/JAD-210519

Lu Y, Liu C, Fawkes S, Ma J, Liu Y, Yu D. Inequality in social support
associated with mild cognitive impairment: a cross-sectional study of
older (>60 Years) Residents in Shanghai, China. Front Public Health.
2021;9:706322. doi: 10.3399/fpubh.2021.706322

Sachdev PS. Social health, social reserve and dementia. Curr Opin
Psychiatry.2022;35:111-117. doi: 10.1097/YC0O.0000000000000779

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Elovainio M, Hakulinen C, Pulkki-Raback L, et al. Contribution of risk
factors to excess mortality in isolated and lonely individuals: an anal-
ysis of data from the UK Biobank cohort study. Lancet Public Health.
2017;2:e260-6.doi: 10.1016/52468-2667(17)30075-0

Brooks KP, Gruenwald T, Karlamanga A, Hu P, Koretz B, Seeman TE.
Social relationships and allostatic load in the MIDUS study. Health Psy-
chol Off J Div Health Psychol Am Psychol Assoc. 2014;33:1373-1381. doi:
10.1037/a0034528

Manalo MTIM, Ng ATR, Yu GPA, llac EJD. Self-perceptions of older
never-married women in a fluid and changing Asian society: a narrative
inquiry. J Women Aging. 2022;34:658-674. doi: 10.1080/08952841.
2021.1978804

Saito T, Murata C, Saito M, Takeda T, Kondo K. Influence of social
relationship domains and their combinations on incident dementia: a
prospective cohort study. J Epidemiol Community Health. 2018;72:7-
12.doi: 10.1136/jech-2017-209811

Kim HS, Sherman DK, Taylor SE. Culture and social support. Am Psychol.
2008;63:518-526. doi: 10.1037/0003-066X

Hamilton-West K, Milne A, Hotham S. New horizons in support-
ing older people’s health and wellbeing: is social prescribing a
way forward? Age Ageing. 2020;49:319-326. doi: 10.1093/ageing/
afaa016

Sachdev PS, Brodaty H, Reppermund S, Kochan NA, Trollor JN, Draper
B, et al. The Sydney Memory and Ageing Study (MAS): methodol-
ogy and baseline medical and neuropsychiatric characteristics of an
elderly epidemiological non-demented cohort of Australians aged 70-
90 years. Int Psychogeriatr 2010;22:1248-1264. https://doi.org/10.
1017/51041610210001067

Ganguli M, Snitz B, Vander Bilt J, Chang C-CH. How much do
depressive symptoms affect cognition at the population level? The
Monongahela-Youghiogheny Healthy Aging Team (MYHAT) study. Int
J Geriatr Psychiatry 2009;24:1277-1284. https://doi.org/10.1002/gps.
2257

Bell T, Davila AL, Clay O, Markides KS, Andel R, Crowe M. The associ-
ation between cognitive decline and incident depressive symptoms in
a sample of older Puerto Rican adults with diabetes. Int Psychogeriatr
2017;29:1317-1325. https://doi.org/10.1017/S1041610217000746
Niti M, Yap K-B, Kua E-H, Tan C-H, Ng T-P. Physical, social and
productive leisure activities, cognitive decline and interaction with
APOE-epsilon 4 genotype in Chinese older adults. Int Psychogeriatr
2008;20:237-251. https://doi.org/10.1017/51041610207006655

SUPPORTING INFORMATION
Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Mahalingam G, Samtani S, Lam BCP,
et al. Social connections and risk of incident mild cognitive
impairment, dementia, and mortality in 13 longitudinal cohort
studies of ageing. Alzheimer’s Dement. 2023;19:5114-5128.
https://doi.org/10.1002/alz.13072

85UB017 SUOLIWIOD BANER1D) el jdde aup Aq pausenob @8 Sajo1e O (8N JO S3IN. Joj Akl 8U1JUO A8]IM UO (SUORIPUOD-PUR-SLLLRYWO /B 1M ARe.q 1 Bu1|UO//SANY) SUORIPUOD PUe SW L U3 88S *[202/90/20] UO A%iq1T8uIIUO AB]IM ‘|PUN0D YoKeasay [eIIPSIN PUY LRESH FUOHEN AQ Z0ET Z[B/200T OT/I0p/W00" Ao 1M AReq 1 jeul|uo'SeuIno -z [e//sduy wioiy pepeojumoa ‘TT ‘€202 ‘6.252SGT


http://ST/ESA/SER.A/407
http://ST/ESA/SER.A/407
https://doi.org/10.1787/9870c393-en
https://doi.org/10.1787/9870c393-en
https://doi.org/10.1016/S2214-109X(19)30074-9
https://doi.org/10.1016/S2214-109X(19)30074-9
https://doi.org/10.1186/1471-2377-13-165
https://doi.org/10.1111/j.1365-2796.2004.01380.x
https://doi.org/10.18637/jss.v045.i03
https://doi.org/10.18637/jss.v045.i03
https://doi.org/10.18637/jss.v036.i03
https://doi.org/10.1136/bmj.c221
https://doi.org/10.1111/j.2517-6161.1972.tb00899.x
https://doi.org/10.1111/ggi.12995
https://doi.org/10.3233/JAD-210519
https://doi.org/10.1097/YCO.0000000000000779
https://doi.org/10.1016/S2468-2667(17)30075-0
https://doi.org/10.1037/a0034528
https://doi.org/10.1080/08952841.2021.1978804
https://doi.org/10.1080/08952841.2021.1978804
https://doi.org/10.1136/jech-2017-209811
https://doi.org/10.1037/0003-066X
https://doi.org/10.1093/ageing/afaa016
https://doi.org/10.1093/ageing/afaa016
https://doi.org/10.1017/S1041610210001067
https://doi.org/10.1017/S1041610210001067
https://doi.org/10.1002/gps.2257
https://doi.org/10.1002/gps.2257
https://doi.org/10.1017/S1041610217000746
https://doi.org/10.1017/S1041610207006655
https://doi.org/10.1002/alz.13072

	Social connections and risk of incident mild cognitive impairment, dementia, and mortality in 13 longitudinal cohort studies of ageing
	Abstract
	1 | INTRODUCTION
	2 | METHODS
	2.1 | Ethics
	2.2 | Sample
	2.3 | Measures
	2.4 | Statistical analyses

	3 | RESULTS
	3.1 | Associations between social connections and incident MCI, dementia, and mortality

	4 | DISCUSSION
	4.1 | Strengths
	4.2 | Limitations
	4.3 | Future directions

	5 | CONCLUSIONS
	AUTHOR CONTRIBUTION
	ACKNOWLEDGMENTS
	CONFLICT OF INTERESTS STATEMENT
	DATA AVAILABILITY STATEMENT

	CONSENT STATEMENT
	REFERENCES
	SUPPORTING INFORMATION


