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ARTICLE INFO ABSTRACT

Article history: It is unclear to what extent poor social relationships are related to the development of dementia. A
Recewed 15 January 2015 ) comprehensive systematic literature search identified 19 longitudinal cohort studies investigating the
Received in revised form 28 April 2015 association between various social relationship factors and incident dementia in the general population.
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Relative risks (RRs) with 95% confidence intervals (Cls) were pooled using random-effects meta-analysis.
Low social participation (RR: 1.41 (95% CI: 1.13-1.75)), less frequent social contact (RR: 1.57 (95% CI:
1.32-1.85)), and more loneliness (RR: 1.58 (95% CI: 1.19-2.09)) were statistically significant associated
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g?;r‘:z ngisa: with incident dementia. The results of the association between social network size and dementia were
Social network inconsistent. No statistically significant association was found for low satisfaction with social network
Social participation and the onset of dementia (RR: 1.25 (95% CI: 0.96-1.62). We conclude that social relationship factors that
Loneliness represent a lack of social interaction are associated with incident dementia. The strength of the associa-
Social contact tions between poor social interaction and incident dementia is comparable with other well-established
Social relationships risk factors for dementia, including low education attainment, physical inactivity, and late-life depression.

© 2015 Elsevier B.V. All rights reserved.
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1. Introduction

Dementia has emerged as major public health issue because
of high prevalence rates, high burden to patient, carer and soci-
ety, and high health care costs (Langa et al., 2001; World Health
Organization, 2012). In 2010, more than 35 million people world-
wide were affected by dementia and this is expected to increase
to 115 million people in 2050 (Ferri et al., 2006; Prince et al.,
2013). Increased longevity and the aging of the baby boom gener-
ation largely contribute to the increased prevalence of dementia
(Middleton and Yaffe, 2009; World Health Organization, 2012).
The prevalence of dementia approximately doubles with every
5-year increase in age after the age of 60, from 1% among peo-
ple aged 60 to 25% among people aged >85 years from Western
Europe in 2001 (Ferri et al., 2006). An average delay of two years
in onset of Alzheimer’s disease (AD) could decrease the world-
wide prevalence of AD by 22.8 million cases by the year 2050
which would subsequently lower the number of cases that need
high level care and associated costs (Brookmeyer et al., 2007).
Currently, there is no effective treatment available to cure demen-
tia. Therefore, identification of modifiable risk factors is of utmost
importance in order to delay or prevent the onset of dementia
(Middleton and Yaffe, 2009). One potentially important modi-
fiable risk factor for incident dementia is the absence of good
social relationships. Good social relationships were found to protect
against multiple adverse outcomes, including depression (Santini
et al., 2014), coronary heart disease (Hemingway and Marmot,
1999), functional decline (Avlund et al., 2004), and mortality (Holt-
Lunstad et al., 2010). The definition and operationalization of social
relationships differs across studies. Social relationships can for
example contain structural features such as the number of one’s
social ties, but also qualitative aspects such as levels of social sup-
port (Seeman et al., 2001). It is important to distinguish between
these different aspects of social relationships, because they may
influence health through different mechanisms (Cohen, 2004). For
example, social integration may have a beneficial effect on health
through influencing health behaviors. Whereas social support may
benefit health through stress reduction, by providing psycholog-
ical and material resources needed to cope with stress (Cohen,
2004).

Previous reviews have investigated the influence of social rela-
tionships (i.e., socially integrated lifestyle, social engagement,
social activities) on incident dementia, but conclusions were con-
tradictory (Di Marco et al., 2014; Fratiglioni et al., 2004; Pillai
and Verghese, 2009; Wang et al., 2012; Williams et al., 2010).
The reviews did not perform a meta-analysis, did not distinguish
between various social relationship factors, or did not take into
account the methodological quality of the included studies.

Therefore, our aim is to investigate the relation between social
relationships and incident dementia in the general population by

conducting a systematic review, including a meta-analysis of longi-
tudinal cohort studies, in which we will take into account different
aspects of social relationships (e.g., social network size, social par-
ticipation, loneliness).

2. Methods

This systematic review was conducted according to the meth-
ods of the Cochrane Collaboration (Higgins and Green, 2008) and
in addition, we followed PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines (Moher et al.,
2009) for the reporting of this systematic review and meta-analysis.

2.1. Systematic search and study selection

Asystematic database search in MEDLINE, Embase and PsycINFO
was conducted on July 9th 2012. Search strings included suit-
able indexing terms (i.e., MeSH terms and keywords) on (1) social
relationships (e.g., social network; social engagement; loneliness)
and (2) dementia (e.g., dementia; Alzheimer’s disease; cognitive
decline) (see Appendix A). Articles were included if they were
peer reviewed articles reporting on an association between social
relationships measured at baseline and incident dementia during
follow-upinaquantitative way; utilizing a longitudinal prospective
cohort study design conducted in the general population. Only arti-
cles published in English; Dutch; German or French were included.
Two reviewers (JSK and MZ) independently screened title and
abstract of all citations identified by the search. Subsequently; the
full text of all potentially eligible articles was screened for final
selection by the same reviewers. Reference lists of all included arti-
cles andrelevantreviews on this topic were screened for potentially
eligible studies.

2.2. Data extraction and methodological quality assessment

Two reviewers (JSK and MZ) independently extracted the data
regarding study population, social relationship assessment, sta-
tistical method and results, timing of follow-up measurements,
and outcome (incident dementia). The methodological quality of
included studies was assessed by the two reviewers (JSK and MZ)
independently using the Quality of Prognosis Studies in System-
atic Reviews (QUIPS) tool (Hayden et al., 2006) (see Appendix B).
Disagreements were resolved in a consensus meeting. In case of
persistent disagreement, a third reviewer (NS) made the final deci-
sion.

2.3. Statistical analysis

Social relationship factors were categorized into (1) social net-
work size; (2) social participation (e.g., participation in associations



J.S. Kuiper et al. / Ageing Research Reviews 22 (2015) 39-57 41

or community activities); (3) frequency of social contact (e.g.,
visiting or receiving phone calls from friends, children or other
relatives); (4) loneliness; (5) satisfaction with social network (e.g.,
satisfied with network interactions or having good relations with
others); and (6) other social relationship factors (e.g., composite
measures of social relationships measures, perception of reci-
procity). Studies including incident (all case) dementia or incident
AD as outcome were combined in the meta-analyses. If studies
reported the outcomes separately, dementia was included in the
meta-analysis.

In case studies reported multiple estimates, the adjusted esti-
mates were used for the meta-analysis. Estimates were preferred
that were adjusted for age, depression, alcohol use, education, base-
line cognition, and physical functioning (this included at least one of
the three following variables: physical activity, functional disabil-
ity, or at least one of the following chronic disease: traumatic brain
injury (TBI), cardiovascular disease, or cerebrovascular accident
(CVA)/stroke). Estimates adjusted for these variables were pre-
ferred over unadjusted estimates or estimates that were adjusted
(also) for other social relationship variables. For the meta-analyses,
the relative risk (RR) was used representing the risk of incident
dementia among people with poor social relationships (e.g., small
social network) compared to people with better social relation-
ships. In case hazard ratio (HR) or odds ratio (OR) were reported
in the studies, these were interpreted as relative risk, on the con-
dition that the incidence of dementia among the participants was
below 10% (Higgins and Green, 2008; Zhang and Kai, 1998). If social
relationship factors were presented as categorical variables (e.g.,
size of social network: 0-3 persons; 4-7 persons; >8 persons),
the relation between the reference category and the most oppo-
site category (e.g., 0-3 persons versus >8 persons) was used in
the meta-analysis. If more follow-up measurements were available
from one study, results from the longest follow-up were included
in the meta-analyses. In case multiple articles were based on the
same dataset, the article was included in the meta-analyses that
(in order of importance) reported (1) an adjusted risk estimate (i.e.,
adjusted for age, depression, alcohol use and physical functioning),
(2) largest sample size, or (3) longest follow-up period.

A random-effects method was used to pool effect sizes (Higgins
and Green, 2008). Heterogeneity was examined by means of the
Q-test and the I2 index. If the p-value in the Q-test was below 0.05
and/or the I2 index was higher than 50%, the results of the stud-
ies in the pooled analysis were considered to be heterogeneous
(Diniz et al., 2013; Higgins and Green, 2008), and no pooled esti-
mate was calculated. Subsequently, sources of heterogeneity were
explored by conducting subgroup analyses for differences in study
population (i.e., age, gender), timing of follow-up measurements,
outcomes (AD versus dementia), measurement of the determinants
(i.e., dichotomous, categorical, or continuous), and the method-
ological quality. Sensitivity analyses were performed to investigate
the robustness of the results with regard to (1) the choice of cat-
egory for the social relationship factors (i.e., the relation between
the reference category and the most opposite category), (2) differ-
ences in follow-up time (i.e., long (10 years) versus short (5 years)),
and (3) the outcome (i.e., AD versus dementia). The extent of pub-
lication bias in this meta-analysis was assessed by constructing
funnel plots for the relation between various social relationship
factors (i.e., social network size, social participation, frequency of
social contact, loneliness, and satisfaction with social network) and
incident dementia by plotting the natural logarithm of the effect
measure (log risk ratio) against the standard error of this measure.
Egger’s test was used to test asymmetry of the funnel plots; publi-
cation bias is likely if p-value <0.10 (Egger et al., 1997; Higgins and
Green, 2008). All statistical analyses were performed with the pro-
gram comprehensive meta-analysis (version 2) (Borenstein et al.,
2005).

3. Results

Reviewing 8527 titles and abstracts and 133 full articles,
resulted ininclusion of 15 articles (Amieva et al., 2010; Andrew and
Rockwood, 2010; Boyle et al., 2010; Chen et al., 2011; Crooks et al.,
2008; Fabrigoule et al., 1995; Fratiglioni et al., 2000; Gureje et al.,
2011; Heetal., 2000; James et al.,2011; Lobo et al., 2008; Saczynski
etal., 2006; Valenzuela et al., 2011; Wang et al., 2002; Wilson et al.,
2007) (see Fig. 1). Screening the references of all articles selected
for full-text reading and other relevant reviews resulted in four
additional eligible articles (Akbaraly et al., 2009; Karp et al., 2006;
Paillard-Borg et al., 2009; Scarmeas et al., 2001). In total 19 articles
were included for this systematic review.

Details regarding study characteristics of the included studies
are presented in Table 1. The year of the baseline measure-
ments ranged from 1987 to 2010 and duration of follow-up varied
between 2 and 15 years. The sample size of the cohorts ranged from
732 to 5447.

The results of the methodological quality assessment of included
studies are presented in Table 2. Methodological quality varied
from very poor (0% for accounting for alcohol use in the analyses) to
excellent (100% for minimizing risk of reverse causation). The most
methodological flaws were found for the following quality items:
adjustment for potential confounders (alcohol (19 of 19 studies;
100%), depression (12 of 19 studies; 63%), and physical function-
ing (11 of 19 studies; 58%)). Insufficient information was given for
blinding of the outcome assessor for the determinant measurement
(15 of 19 studies; 79%) and attrition (i.e., differences between par-
ticipants and drop outs) (13 of 19 studies; 68%). The inter-rater
agreement on the methodological quality was excellent (Higgins
and Green, 2008) (overall agreement 89% (303/342); kappa statis-
tic: 0.79).

3.1. Social network size and risk of incident dementia

Eight studies (Amieva et al., 2010; Boyle et al., 2010; Fratiglioni
et al., 2000; Gureje et al., 2011; He et al., 2000; James et al., 2011;
Saczynski et al., 2006; Wilson et al., 2007) investigated the asso-
ciation between social network size and incident dementia; only
two studies (James et al., 2011; Saczynski et al., 2006) found a sta-
tistically significant association between small social network size
and incident dementia. Three studies based their conclusions on
the data from the Rush Memory and Aging Project (Boyle et al.,
2010; James et al., 2011; Wilson et al., 2007). We included only the
study of Wilson et al. (2007) in the meta-analysis. Unfortunately,
the study of Gureje et al. (2011) did not report estimates and could
therefore not be included in our meta-analysis. The estimates of five
studies (Amieva et al., 2010; Fratiglioni et al., 2000; He et al., 2000;
Saczynski et al., 2006; Wilson et al., 2007) were included in our
meta-analysis. The results were heterogeneous (x%=11.05, df=4,
p=0.03, I> =64%) (see Fig. 2). Heterogeneity could not properly be
explained because the various studies differed from each other on
various aspects (i.e., study population, outcomes, measurement of
the determinants, methodological quality).

3.2. Social participation and risk of incident dementia

Eight studies (Fabrigoule et al., 1995; Gureje et al., 2011; He
et al., 2000; Karp et al., 2006; Saczynski et al., 2006; Scarmeas
et al., 2001; Wang et al., 2002; Wilson et al., 2007) investigated
the association between social participation and incident demen-
tia; four studies (Karp et al., 2006; Saczynski et al., 2006; Scarmeas
et al., 2001; Wilson et al., 2007) found a statistically significant
association between low social participation and incident demen-
tia. Two studies (Karp et al., 2006; Wang et al., 2002) based their
conclusions on the data from the Kungsholmen project; both stud-



Table 1

Characteristics of included studies.

Location Year of Baseline Study duration ~ Nin the Population® Age mean (SD), Women (%) Social relationship  Adjustment for Outcome
collection? (years) analyses range (years) assessment covariates Assessment
Akbaraly et al. France 1999-2001 4 5447 73.8 (NA), 65+ 60.9 Frequency of Age, sex, education, Incident dementia
(2009) social contact depression, AND Incident AD
hypertension, AND Incident
vascular disease mixed/vascular
history, hyperc- dementia
holesterolemia,
baseline cognition,
occupational grade,
study center,
marital status,
diabetes,
Apolipoprotein E
genotype,
incapacity in daily
life activity
Amieva et al. France 1988 5-15 2089¢ Excluding 73.7 (6.0), 65+ 59.9 Social network Age, sex, education, Incident dementia
(2010) participants size, depression, IADL, AND Incident AD
who developed Satisfaction presence of chronic
dementia with social diseases, baseline
during the first network, Other cognition, the
3 years social other social
relationship variables (marital
factors status, nature of
social network,
satisfaction of
interactions with
other people,
feeling of being
misunderstood,
perception of
reciprocity)
Andrew and Canada 1996-1997 5 3776 79.1(6.4), 70+ 60.7 Other social Age, sex, baseline Incident dementia
Rockwood (2010) relationship cognition, frailty
factors
Boyle et al. (2010) USA 1997-2008 4 951 80.4 (7.4),NA 749 Social network Unadjusted Incident AD
size
Chen et al. (2011) China 2001 and 2003 Median: 3.9 1307¢ NA, 60+ 43.5 Frequency of Age, sex Incident dementia
social contact,
Loneliness,
Satisfaction
with social
network
Crooks et al. (2008)  USA 1998-1999 Maximum: 4 1608¢ 80.6 (3.1), 78+ 100 Frequency of Age, education, Incident dementia
social contact, depression, stroke,
Satisfaction myocardial
with social infarction,
network, Other hypertension,
social baseline cognition,
relationship diabetes,
factors Parkinson’s
disease, hormone
use
Fabrigoule et al. France 1988 Maximum: 3 2040 74.8 (6.9), 65— 59.8 Social Age, baseline Incident dementia
(1995) 101 participation, cognition

Frequency of
social contact

(44
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Fratiglioni et al.
(2000)

Gureje et al. (2011)

He et al. (2000)

James et al. (2011)

Karp et al. (2006)

Lobo et al. (2008)

Paillard-Borg et al.
(2009)

Sweden

Nigeria

China

USA

Sweden

Spain

Sweden

1987

2003-2004

1987

1997-2010 and
2004-2010
1987-1989

1994

1987-1989

10

44

Median: 7.8

1203f Excluding
participants
with MCI at
baseline

1225

1160

1294

732 Excluding
participants
with MCI at
baseline, or
who developed
dementia
during the first
4 years

1506 Excluding
participants
with MCI at
baseline

732 Excluding
participants
with MCI at
baseline, or
who developed
dementia
during the first
4 years

81.5 (NA), 75—
90+

74.5 (8.4), 65—
85+

67.1 (NA), 55—
75+

78.4 (NA), 55—
75+
81.3 (NA), 75—
85+

73.52 (NA), 55—
80+

81.1(4.9), 75—
85+

75.6

52.1

58

73.9

74.2

56.7

74.2

Social network
size, Frequency
of social
contact,
Satisfaction
with social
network, Other
social
relationship
factors

Social network
size, Social
participation,
Frequency of
social contact
Social network
size, Social
participation,
Frequency of
social contact,
Loneliness
Social network
size

Social
participation

Loneliness

Other social
relationship
factors

Age, sex, education,
baseline cognition,
(and depression for
the other social
relationship factor;
composite measure
of social
relationship factors
only)

Age, sex, education

Age, sex

Unadjusted

Age, sex, education,
depression,
physical
functioning,
baseline cognition,
comorbidity

Age, sex, education,
irritability,
neurovegetative
symptoms, sleep
problems, lack of
concentration,
subjective
slowness

Age, sex, education,
depression,
physical
functioning,
baseline cognition,
“the physical
factor”, “the mental
factor”,
comorbidity, living
arrangements

Incident dementia

Incident dementia

Incident AD

Incident AD

Incident dementia

Incident dementia
AND Incident AD

Incident dementia
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Table 1 (Continued)

Location Year of Baseline Study duration N in the Population” Age mean (SD), Women (%) Social relationship ~ Adjustment for Outcome
collection® (years) analyses range (years) assessment covariates Assessment
Saczynski et al. USA 1991-1993 4.6 25138 76.8 (4.0), 72+ 0 Social network Unadjusted (only for Incident dementia
(2006) size, Social the association social
participation, network size and
Frequency of incident dementia
social contact, adjusted for: age
Other social education, depression,
relationship cerebrovascular
factors disease, coronary heart
disease, disability,
baseline cognition,
Apolipoprotein E e4
allele status)
Scarmeas et al. USA 1990 29 1772 75.6 (NA), 65+ 68.1 Social age, education, Incident dementia
(2001) participation, occupation, ethnic
Frequency of group
social contact
Valenzuela et al. UK 1991-1992 41 NA Excluding 76.9 (NA), 65+ 60 Other social Age, sex, education, Incident dementia
(2011) participants relationship occupational
with dementia factors complexity, interview
at previous wave, vascular risk
interview factors
Wang et al. (2002) Sweden 1987-1989 6.4 732 Excluding 81.3(NA), 75— 74.2 Social Age, sex, education, Incident dementia
participants 85+ participation depression, physical
with MCI at functioning, baseline
baseline, or cognition, comorbidity
who developed
dementia
during the first
3 years
Wilson et al. (2007) USA 2000 3.3 785 80.7 (7.1),NA 75.7 Social network For the association Incident AD

size, Social
participation,
Loneliness

social network size and
incident dementia:
Age, sex, education,
loneliness, social
activity

For the association
social participation and
incident dementia:
Age, sex, education,
loneliness, social
network size

For the association
loneliness and incident
dementia: Age, sex
education, physical
activity

NA: not available; AD: Alzheimer's disease; IADL: instrumental activities of daily living; MCI: mild cognitive impairment.
a Reflects the baseline measurement included for our analysis.

b All general population, excluding participants with dementia at baseline.

¢ Estimate for social network size based on n=1337.

Estimate for frequency of social contact based on n=560.

¢ Estimate for frequency of social contact based on n=1301 and estimate for satisfaction with network interaction based on n=1603.
Estimate for frequency of social contact based on n=unclear.
& estimate for social network size based on n=1064.

d

f

44
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Table 2
Methodological quality assessment per quality item and per study (based on QUIPS).?

1. Study 2. Study attrition 3. Determinant 4. Outcome 5. Confounding measurement and account 6. Analysis
participation measurement measurement
Potential confounders measured Accounted for potential confounders in de
study design or analyses

Author (year) 1a.Con- 1b. 2a.70%  2b.No 3a.using 3b.70% 4a. 4b. 5al.Age 5A2 5A3 5A4 5b5. Age 5B6 5B7 5B8 5c. 6a. No

secutive Adequate dataon differ- sufficient complete Dementia Outcome Depres- Alcohol Physical Depres- Alcohol Physical Reverse overfit-

series of participa- dementia ences methods datafor diagnosis assessors sion use activity, sion use activity, causality ting

partici- tionrate at follow- between social blinded OR func- OR func-

pants >70% up partici- relation- for the tional tional

pants and ship social disability, disability,
drop outs factors relation- OR OR
ship chronic chronic
factors disease disease

Akbaraly et al. (2009) + ? + ? + + + ? + + ? + + + _ + + +
Amieva et al. (2010) + - ? ? + + + ? + + ? + + + — + + ?
Andrew and Rockwood (2010) + - + ? + — + ? + ? ? ? + — - - + +
Boyle et al. (2010) ? ? + ? + ? + + + + + + — — — _ + +
Chen et al. (2011) + + + ? ? + - ? + + + + + - — — +
Crooks et al. (2008) + + + - + + — ? + + ? + + + - + + -
Fabrigoule et al. (1995) + — + ? + ? + ? + + + + + — — — + ?
Fratiglioni et al. (2000) + + + - + + + ? + + ? + + +/=P — +[-P + ?
Gureje et al. (2011) + + + + + ? — ? + + + + + — — - + +
He et al. (2000) + + + ? ? ? + ? + + + + + — — - + +
James et al. (2011) — ? + ? + ? + ? + + + + — — — — + +
Karp et al. (2006) + + + + + + + ? + + ? + + + — + + -
Lobo et al. (2008) + + + - - + + + + + + + + — - - + ?
Paillard-Borg et al. (2009) + + + ? + + + ? + + ? + + + — + + +
Saczynski et al. (2006) — + ? ? + + + ? + + ? + +[—¢ +[—¢ _ +]-¢ + ?2/+4
Scarmeas et al. (2001) + — + + + + + + + + + + + — - - + ?
Valenzuela et al. (2011) + + ? ? + + — ? + + ? + + - - + + ?
Wang et al. (2002) + + + ? + + + ? + + ? + + + — + + —
Wilson et al. (2007) ? ? + ? + + + + + + + + + + — + + +

2 QUIPS: Quality of Prognosis Studies in Systematic Reviews. Judgment: + (Yes) (if the quality item was met, representing low risk of bias); — (No) (if the quality item was not met, representing high risk of bias); ? (Unclear) (if
insufficient information was available to judge the potential of bias, representing uncertain risk of bias). Further details about the quality assessment items are presented in Appendix B.

b For social network size, frequency of social contact, and satisfaction with network: — (No), for the graded summary score and combinations of social relationship factors: + (Yes).

¢ For social network size: + (Yes), for social participation, frequency of social contact, and other social relationship factor: — (No).

d For social network size: ? (Unclear), for social participation, other social relationship factor and frequency of social contact: + (Yes).
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MEDLINE (n = 5096)
Embase (n =4319)
PsycINFO (n = 2881)

12296 articles identified through database searching

A4

on title and abstract

8527 unique articles (after duplicates removed) screened

8394 articles excluded based on title and abstract

A 4

133 full-text articles assessed for eligibility

118 full-text articles excluded, with reasons:
Duplicates (n = 2)

Type of study population (n =7)

Type of study design (n =4)

Type of exposure (i.e. social relationship
measurement (n = 1)

4 articles identified through reference checking

A 4

A

Type of outcome (n = 84)

Type of publication (n = 5)

Data presentation (i.e. relation social relationship —
incident dementia) (n =7)

Language (n = 8) (Japanese (n = 3); Polish (n = 2);
Chinese (n = 1); Croatian (n = 1); Korean (n = 1))

19 articles included for review

Fig. 1. Flow of study selection.

ies found comparable results. The study of Karp et al. (2006) was
included in the meta-analysis. We could not calculate risk mea-
sures for the study of Saczynski et al. (2006) and therefore this study
was not included in the meta-analysis. The estimates of six stud-
ies (Fabrigoule et al., 1995; Gureje et al., 2011; He et al., 2000; Karp
etal.,2006; Scarmeasetal.,2001; Wilson et al.,2007) were included
in the meta-analysis. The pooled estimate showed that individuals
with lower levels of social participation had a statistically signifi-
cant higher risk to develop dementia compared to individuals with

higher levels of social participation (RR: 1.41 (95% CI: 1.13-1.75))
(see Fig. 3).

3.3. Frequency of social contact and risk of incident dementia

Nine studies (Akbaraly et al., 2009; Chen et al., 2011; Crooks
et al., 2008; Fabrigoule et al., 1995; Fratiglioni et al., 2000; Gureje
et al, 2011; He et al., 2000; Saczynski et al., 2006; Scarmeas et al.,
2001)investigated the association between frequency of social con-

Comparison
He (2000) No friends vs. having friends
Fratiglioni (2000)  No friends/relatives vs. having friends/relatives
Amieva (2010) 0-3 vs. > 8 persons in social network
Saczynski (2006)  0-1 ties vs. 4-5 ties
Wilson (2007) Higher score represents smaller network

0,5

Decreased risk

Relative risk Weight (%)
(95% CI)

1.32(0.81 to 2.16) 14.1%
1.50 (0.97 to 2.32) 16.3%
0.91 (0.69 to 1.21) 24.1%
2.34 (1.18 to 4.65) 9.0%
0.99 (0.95 to 1.03) 36.5%

1 2 5

Increased risk

Heterogeneity: ¥>=11.05, df=4, p=0.03, ’=64%

Fig. 2. Forest plot of social network size and risk of incident dementia.
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Comparison

Fabrigoule (1995)  Participation in associations (No vs. Yes)

Gureje (2011) Join in community activities (No vs. Yes)

He (2000) Social activities (No vs. Yes)

Karp (2006) 0-1 vs. >2 activities rated moderately/high on social component
Scarmeas (2001) Higher score represents lower social activity

Wilson (2007) Higher score represents less frequent social activity

Decreased risk

Relative risk Weight (%)
(95% CI)
1.79 (0.55 to 5.80) 3.2%
2.00 (0.79 to 5.05) 5.0%
1.25(0.29 to 5.33) 2.1%
1.47 (1.01 to 2.13) 21.1%

| 1.18 (1.07 to 1.31) 50.5%

—— 1.92 (1.26 t0 2.92) 18.1%

> 1.41 (1.13 to 1.75)

0,2 05 1 2 5

Increased risk

Heterogeneity: ¥>=7.27, df=5, p=0.20, 1>=31%

Fig. 3. Forest plot of social participation and risk of incident dementia.

tact and incident dementia; four studies (Crooks et al., 2008; Gureje
et al,, 2011; Saczynski et al., 2006; Scarmeas et al., 2001) found a
statistically significant association between low frequency of social
contact and incident dementia. We could not calculate risk mea-
sures for the study of Saczynski et al. (2006) and therefore this
study was not included in the meta-analysis. The estimates of the
other eight studies were included in the meta-analysis. The pooled
estimate showed that individuals with lower frequency of social
contacts had a statistically significant higher risk to develop demen-
tia compared to individuals with higher frequency of social contacts
(RR: 1.57 (95% CI: 1.32-1.85)) (see Fig. 4).

3.4. Loneliness and risk of incident dementia

Four studies (Chen et al., 2011; He et al., 2000; Lobo et al., 2008;
Wilson et al., 2007) investigated the association between loneli-
ness and incident dementia; only one study (Wilson et al., 2007)
found a statistically significant association between higher level
of loneliness and incident dementia. Unfortunately, the study of
Lobo et al. (2008) did not report estimates and could therefore not
be included in our meta-analysis. The estimates of the other three
studies (Chen et al., 2011; He et al., 2000; Wilson et al., 2007) were
included in the meta-analysis. The pooled estimate showed that
individuals who are lonely had a statistically significant higher risk
to develop dementia compared to individuals that are not lonely
(RR: 1.58 (95% CI: 1.19-2.09)) (see Fig. 5).

3.5. Satisfaction with social network and risk of incident
dementia

Four studies (Amieva et al., 2010; Chenetal.,2011; Crooks et al.,
2008; Fratiglioni et al., 2000) investigated the association between
satisfaction with social network and incident dementia; only one
study (Amieva et al., 2010) reported a statistically significant asso-
ciation between low satisfaction with social network and incident

dementia. The estimates of all four studies were included in the
meta-analysis. The pooled estimate showed no statistically signifi-
cant association between low satisfaction with social network and
incident dementia (RR: 1.25 (95% CI: 0.96-1.62)) (see Fig. 6).

3.6. Other social relationship factors and risk of incident dementia

Seven studies (Amieva et al., 2010; Andrew and Rockwood,
2010; Crooks et al., 2008; Fratiglioni et al., 2000; Paillard-Borg et al.,
2009; Saczynski et al., 2006; Valenzuela et al., 2011) examined the
association between social relationship factors that could not be
classified by one of the categories above and incident dementia. Five
out of seven studies found a statistically significant association with
at least one other social relationship factor measurement and inci-
dent dementia (Amieva et al., 2010; Crooks et al., 2008; Fratiglioni
etal.,, 2000; Paillard-Borgetal.,2009; Saczynski et al.,2006). Most of
these factors consisted of composite measures of social relationship
factors such as a social vulnerability index (Andrew and Rockwood,
2010), Lubben Social Network Scale (Crooks et al.,2008), or a graded
sum score of the social network (Fratiglioni et al., 2000). The results
are presented in Appendix C.

3.7. Sensitivity analyses

Results of sensitivity analyses showed that for studies defin-
ing social relationship factors as a categorical variable (Akbaraly
et al., 2009; Amieva et al., 2010; Chen et al., 2011; Crooks et al.,
2008; Saczynski et al., 2006), the inclusion of one of the other cate-
gories in the meta-analyses did not alter the conclusions. Secondly,
sensitivity analyses showed that differences in follow-up time (He
et al., 2000) did not alter the conclusions. Also, when pooling the
results of studies that measured AD as outcome (He et al., 2000;
Wilson et al., 2007; Akbaraly et al., 2009; Amieva et al., 2010), the
conclusions were not altered (see Appendix D).

Comparison Relative risk Weight (%)
95% CI)
Chen (2011) Visiting children or other relatives (Never vs. At least weekly-monthly) 1.58 (0.52 to 4.81) 2.3%
Crooks (2008) Visits, phone calls or mail from family and friends (Less than weekly vs. Daily) —— 1.75 (1.16 to 2.65) 16.6%
Fabrigoule (1995)  Visits to friends or family members (No vs. Yes) o 1.09 (0.67 to 1.78) 1 1-72/0
Fratiglioni (2000) ~ Contact with relatives or friends (No vs. Daily) 1.40 (0.51 to 3.81) 2.8?
He (2000) Visiting friends (No vs. Yes) 1.58 (1.00 to 2.49) 13.6%
Gureje (2011) Join in family activities (No vs. Yes) 2.40 (1.05 t0 5.51) 4.1%
Scarmeas (2001)  Visiting friends or relatives (No vs. Yes) — 1.67 (1.25 t0 2.23) 34.3%
Akbaraly (2009) Social support activities (High (tertile 3) vs. Low (tertile 1)) = 1.43 (0.92 t0 2.22) 14.6%
L 2 1.57 (1.32 to 1.85)
0,5 1 2 5

Decreased risk Increased risk

Heterogeneity: *>=3.79, df=7, p=0.80, >=0%

Fig. 4. Forest plot of frequency of social contact and risk of incident dementia.
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Comparison Relative risk Weight (%)
(95% CI)
He (2000) Being lonely vs. not being lonely 1.63 (0.93 to 2.86) 25.1%
Chen (2011) Feeling lonely vs. not feeling lonely 1.69 (0.74 to 3.87) 11.5%
Wilson (2007)  Higher score represents more loneliness 1.54 (1.08 t0 2.19) 63.4%

”

Decreased risk

0,5 1 2 5

1.58 (1.19 to 2.09)

Increased risk

Heterogeneity: ¢*>=0.06, df=2, p=0.97, I*=0%

Fig. 5. Forest plot of loneliness and risk of incident dementia.

Comparison Relative risk Weight (%)
95% CI)
Chen (2011) Good relation with other, ease in acquiring friends (No vs. Yes) 1.92 (0.92 to 4.01) 10.3%
Crooks (2008) Satisfied with amount of contact with friends and family (No vs. Yes) 1.43 (0.99 to 2.07) 25.8%
Fratiglioni (2000)  Satisfied with contact with relatives/friends (No vs. Yes) 0.83 (0.56 to 1.24) 23.8%
Amieva (2010) Poorly or not satisfied vs. Satisfied with network interactions 5 1.30 (1.06 to 1.59) 40.1%
1.25 (0.96 to 1.62)
0,5 1 2 5

Decreased risk Increased risk

Heterogeneity: ¥*=5.95, df=3, p=0.11, I>=49%

Fig. 6. Forest plot of satisfaction with social network and risk of incident dementia.

3.8. Publication bias

Publication bias was evaluated by Egger’s test, which yielded
no significant results for social network size (p=0.14), frequency of
social contact (p=0.95), loneliness (p=0.12), and satisfaction with
social network (p=0.93). Publication bias was likely for social par-
ticipation (p=0.08) (see Appendix E).

4. Discussion

This meta-analysis shows that people with less social partici-
pation, less frequent social contact and more feelings of loneliness
have an increased risk to develop dementia. Low satisfaction with
social network seems to be associated with incident dementia,
but results were not statistically significant. There was insufficient
evidence to draw firm conclusions about the association between
small social network and incident dementia due to large hetero-
geneity between the studies with regard to the study population,
outcomes, measurement of the determinants, and the methodolog-
ical quality. The results of this review suggest that particularly less
social interaction increases the risk of dementia, more than specif-
ically the size or satisfaction with the social network.

Although other systematic reviews also suggest that better
social functioning is protective against the development of demen-
tia (Fratiglioni et al., 2004; Pillai and Verghese, 2009; Wang et al.,
2012; Williams et al., 2010), the results were contradictory and
none of these reviews conducted a meta-analysis. Comparing the
results of our meta-analysis to other meta-analyses on well-known
risk factors for incident dementia, we found that the magnitude
of our findings is quite large and comparable with other well-
established risk factors for incident dementia, for example; late-life
depression and risk of dementia (OR: 1.85 (95% CI: 1.67-2.04))

(Diniz et al., 2013), physical inactivity and risk of AD (RR: 1.82
(95% CI: 1.19-2.78)) (Norton et al., 2014), midlife hypertension and
risk of AD (RR: 1.61 (95% CI: 1.16-2.24)) (Norton et al., 2014), low
education attainment and risk of AD (RR: 1.59 (95% CI: 1.35-1.86))
(Norton et al., 2014), type 2 diabetes mellitus and risk of AD (OR:
1.57(95% CI: 1.41-1.75)) (Vagelatos and Eslick, 2013), and smoking
and risk of AD (RR: 1.37 (95% CI: 1.23-1.52)) (Beydoun et al., 2014).

4.1. Potential mechanisms underlying the association of social
interaction and incident dementia

One potential explanation why more social interaction protects
against dementia relates to the ‘use it or lose it’ theory, which sug-
gests that engagement in intellectual, social and physical activities
stimulates the brain. Changes in everyday activities may result in
disuse of the brain and relates to atrophy of cognitive functions
(Hultsch et al., 1999). Related to the ‘use it or lose it’ theory is
the cognitive reserve theory. The concept of cognitive reserve sug-
gests that social interaction affects brain structure and results in
more efficient use of brain networks (Stern, 2012). For instance,
stimulating environments and an (socially) engaged lifestyle have
been associated with neurogenesis (Fratiglioni et al., 2004; Stern,
2012), and an increase of synaptic density (Fratiglioni et al., 2004;
Scarmeas and Stern, 2003). Another potential explanation could
be related to stress, which has been associated with a two times
increased risk of developing AD due to structural changes in the hip-
pocampus (Fratiglioni et al., 2004; Wilson et al., 2003). The results
of brain autopsy of a diseased sample studied by Wilson et al. (2003)
suggest that the association between chronic psychological distress
as a risk factor for AD is related to neurobiological mechanisms
other than the pathological hallmarks of AD such as cortical plaques
and tangles (Wilson et al., 2003). Social support and lack of loneli-
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ness may work as a buffer against stress (Cohen and McKay, 1984;
Cohen, 2004; Fratiglioni et al., 2004; Gierveld, 1998) and thereby
protect against dementia. Another pathway through which social
interaction may protect against dementia is that the social envi-
ronment motivates health behaviors and yields multiple sources of
information that can help effective use of available health services
(Cohen, 2004; Rizzuto and Fratiglioni, 2014). Therefore, the size of
the social network may not be as important as long as one has a
social network that one can interact with on a regular basis to keep
the brain stimulated, to release stress and to contribute to healthy
behavior and provide resources to health facilities.

Our study has several strengths. First of all, a thorough system-
atic literature search was conducted on a broad range of social
relationship factors. This made it possible to identify and disen-
tangle different social relationship factors and demonstrate that
various social relationship factors are associated individually with
incident dementia. A second strength is that by disentangling dif-
ferent social relationship factors we were able to account for a large
part of heterogeneity between the studies, allowing us to perform a
meta-analysis. Previous systematic reviews often made generaliza-
tions about broad categories and investigated multiple lifestyle and
leisure activities as risk factors for the development of dementia
(Beydoun et al., 2014; Di Marco et al., 2014; Fratiglioni et al., 2004;
Wang et al., 2012). Various lifestyle factors (i.e., a socially, mentally
and physically active lifestyle) are most likely intertwined with
each other and may have a synergistic effect on incident dementia
(Fratiglioni et al., 2004; Rizzuto and Fratiglioni, 2014). However, a
clear answer was missing in the current literature on whether social
relationships are associated with incident dementia and specifi-
cally which aspects of social relationships. Therefore, the present
meta-analysis was performed and the results can contribute to give
direction to further research on lifestyle factors and dementia.

As with any systematic review, there are some methodological
challenges that should be considered. First of all, the choice of cate-
gory for the social relationship factors (i.e., the relation between the
reference category and the most opposite category) can be consid-
ered as subjective. However, after critical appraisal by performing
sensitivity analyses, we found that the comparison of different cat-
egories did not alter the conclusions. Secondly, variation between
studies was present for the measurement of the social relation-
ship factors (i.e., different questionnaires, cut-off points), timing
of follow-up measurements, composition of the study population
(i.e., percentage women varied between studies from 0% to 100%),
and adjustments of different potential confounders in the analyses.
However, these clinical and methodological heterogeneity did not
result in heterogeneous study results (except for the association
between social network size and incident dementia).

Publication bias was not detected, with exception of studies
investigating the relation between social participation and inci-
dent dementia. Therefore, the pooled risk estimate for the relation
between social participation and incident dementia may be over-
estimated and should be interpreted with caution. We should
mention that Egger’s test, in this case, may be underpowered to
investigate publication bias, because less than ten studies were
included in the funnel plots (Higgins and Green, 2008). Further-
more, most existing cohort studies with dementia as outcome have
some information on social relationships. We do not know why
potential associations between social relationships and incident
dementia have not been published (yet). Prospective registration
of observational studies could make researchers methodologi-
cally more aware about the consequences of selective publication
(Altman, 2014). In addition, this will also improve the methods of
the study design and quality of reporting (Altman, 2014).

Additionally, there are methodological challenges involved in
older people research that should also be considered. Surveys of
older people include high dropout and high proportions of non-

responders. It is likely that this leads to an underestimation of
the association between social relationship factors and incident
dementia since those who die or drop out are most likely more
ill or engage less in healthy lifestyle behaviors than those who par-
ticipate in the study (Rizzuto and Fratiglioni, 2014). Based on the
quality assessment we found that most studies complied with the
criterion that of participants with complete data on social rela-
tionship factors at baseline, at least 70% have data on cognitive
function at follow-up. However, for most studies it was unclear
whether there were important differences between participants
who completed the study and those who did not (i.e., based on
at least age and sex). As a result, we cannot be certain whether
the sample ultimately included in the analyzes perhaps consists
of a younger (and possibly healthier) population compared to the
dropouts, and thereby possibly gives an underestimation of the
associations found.

The gold standard to investigate a causal relation between a fac-
tor on an outcome would be interventions studies (Wang et al.,
2012). Only a limited number randomized controlled trials have
recently investigated the effect of a social interaction intervention
and cognitive functioning among older people (Yaffe and Hoang,
2013). One study applied an intervention to increase engagement
in social activity among lonely older persons. Results showed that
after three months the intervention group improved more on cog-
nitive performance compared to the control group (Pitkala et al.,
2011). Similarly, an intervention on improving social interaction
among Chinese older persons improved cognitive function com-
pared to a control group that did not receive an intervention.
However, results were not as significant as those for physical activ-
ity (Mortimer et al., 2012). Future research should take into account
the interplay among multiple lifestyle factors. An intervention
among the general population would therefore probably be most
effective if various lifestyle factors are addressed (Fratiglioni et al.,
2004). This present systematic review provides evidence that less
social interaction is a risk factor for the development of dementia.
Therefore, we would recommend that more attention should be
paid to social interaction in future lifestyle interventions. Because
(modifiable) risk factors for dementia may already occur earlier in
the life, future studies applying a life course perspective would be
helpful in order to investigate a suitable approach for the preven-
tion of dementia (Rizzuto and Fratiglioni, 2014).
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Appendix A.
Search strings MEDLINE, Embase and PsycINFO
MEDLINE

MH “Cognition Disorders OR MH “Mild Cognitive Impairment
OR MH “Dementia+
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OR

TI (“cognitive function® OR “cognitive impairment OR “cogni-
tive decline OR “cognitive deficit* OR “cognition loss* OR “cognitive
loss* OR “cognitive abilit* OR dement* OR alzheimer* OR “cog-
nition” OR “cognitive status OR “cognitive change OR “cognition
change OR “cognitive performance OR “cognitive disfunction™) OR
AB (“cognitive function® OR “cognitive impairment OR “cognitive
decline OR “cognitive deficit* OR “cognition loss* OR “cognitive
loss* OR “cognitive abilit* OR dement* OR alzheimer* OR “cognition
OR “cognitive status OR “cognitive change OR “cognition change OR
“cognitive performance OR “cognitive disfunction®)

AND

MH “Loneliness OR MH “Social Isolation OR MH “Social Support
OR MH “Social Participation OR MH “Interpersonal Relations

OR

TI (loneliness OR “social support OR “social isolation OR “social
participation OR “social engagement OR “social disengagement OR
“social integration OR “personal network* OR “social network* OR
“social activit* OR “social tie* OR “social relation* OR “social inter-
action OR “social withdrawal OR “social capital OR “social contact
OR “social embeddedness OR “family relation® OR “kinship rela-
tion* OR “friendship* OR “social influence OR “social vulnerability)
OR AB (loneliness OR “social support OR “social isolation OR “social
participation OR “social engagement OR “social disengagement OR
“social integration OR “personal network* OR “social network* OR
“social activit* OR “social tie* OR “social relation* OR “social interac-
tion OR “social withdrawal OR “social capital OR “social contact OR
“social embeddedness OR “family relation® OR “kinship relation®
OR “friendship* OR “social influence OR “social vulnerability)

NOT (Animals NOT Human; Animals)

Embase

‘cognitive defect’/exp OR ‘dementia’/exp

OR

‘cognitive function’:ab,ti OR ‘cognitive functioning’:ab,ti OR
‘cognitive impairment’:ab,ti OR ‘cognitive decline’:ab,ti OR ‘cog-
nitive deficit’:ab,ti OR ‘cognitive deficits’:ab,ti OR ‘cognition
loss’:ab,ti OR ‘cognition losses’:ab,ti OR ‘cognitive loss’:ab,ti
OR ‘cognitive losses’:ab,ti OR ‘cognitive ability’:ab,ti OR ‘cogni-
tive abilities’:ab,ti OR ‘dementia’:ab,ti OR ‘demented’:ab,ti OR
‘alzheimer’:ab,ti OR ‘cognition’:ab,ti OR ‘cognitive status’:ab,ti OR
‘cognitive change’:ab,ti OR ‘cognition change’:ab,ti OR ‘cognitive
performance’:ab,ti OR ‘cognitive disfunction’:ab,ti OR ‘cognitive
disfunctioning’:ab,ti OR ‘cognitive disfunctions’:ab,ti

AND

‘social support’/exp OR ‘social isolation’/exp OR ‘social partici-
pation’/exp OR ‘social network’/exp OR ‘loneliness’/exp OR ‘family
relation’/exp OR ‘friendship’/exp

OR

loneliness:ab,ti OR ‘social support’:ab,ti OR ‘social isola-
tion:ab,ti OR ‘social participation’:ab,ti OR ‘social engage-
ment’:ab,ti OR ‘social disengagement’:ab,ti OR ‘social integra-
tion’:ab,ti OR ‘personal network’:ab,ti OR ‘personal networks’:ab,ti
OR ‘social network’:ab,ti OR ‘social networks’:ab,ti OR ‘social activ-
ity’:ab,ti OR ‘social activities’:ab,ti OR ‘social tie’:ab,ti OR ‘social
ties’:ab,ti OR ‘social relation’:ab,ti OR ‘social relations’:ab,ti OR
‘social relationships’:ab,ti OR ‘social relationship’:ab,ti OR ‘social
interaction’:ab,ti OR ‘social withdrawal’:ab,ti OR ‘social capi-
tal’:ab,ti OR ‘social contact’:ab,ti OR ‘social embeddedness’:ab,ti OR
‘family relation’:ab,ti OR ‘family relations’:ab,ti OR ‘family relation-
ship’:ab,ti OR ‘family relationships’:ab,ti OR ‘kinship relation’:ab,ti
OR ‘kinship relations’:ab,ti OR ‘kinship relationship’:ab,ti OR ‘kin-

ship relationships’:ab,ti OR ‘friendship’:ab,ti OR ‘friendships’:ab,ti
OR ‘social influence’:ab,ti OR ‘social vulnerability’:ab,ti

PsycINFO

DE “Dementia+ OR DE “Neurodegenerative Diseases OR DE
“Alzheimer’s Disease OR DE “Cognitive Impairment OR DE “Cog-
nitive Ability

OR

TI (“cognitive function® OR “cognitive impairment OR “cogni-
tive decline OR “cognitive deficit* OR “cognition loss* OR “cognitive
loss™ OR “cognitive abilit* OR dement* OR alzheimer* OR “cognition
OR “cognitive status OR “cognitive change OR “cognition change OR
“cognitive performance OR “cognitive disfunction*) OR AB (“cog-
nitive function® OR “cognitive impairment OR “cognitive decline
OR “cognitive deficit* OR “cognition loss* OR “cognitive loss* OR
“cognitive abilit* OR dement* OR alzheimer* OR “cognition OR
“cognitive status OR “cognitive change OR “cognition change OR
“cognitive performance OR “cognitive disfunction®)

AND

DE “Social Networks OR DE “Social Support OR DE “Loneliness
OR DE “Social Integration OR DE “Social Isolation OR DE “Interper-
sonal Relationships+

OR

TI (loneliness OR “social support OR “social isolation OR “social
participation OR “social engagement OR “social disengagement OR
“social integration OR “personal network* OR “social network* OR
“social activit® OR “social tie* OR “social relation* OR “social inter-
action OR “social withdrawal OR “social capital OR “social contact
OR “social embeddedness OR “family relation* OR “kinship rela-
tion* OR “friendship* OR “social influence OR “social vulnerability)
OR AB (loneliness OR “social support OR “social isolation OR “social
participation OR “social engagement OR “social disengagement OR
“social integration OR “personal network* OR “social network* OR
“social activit® OR “social tie* OR “social relation* OR “social interac-
tion OR “social withdrawal OR “social capital OR “social contact OR
“social embeddedness OR “family relation* OR “kinship relation*
OR “friendship* OR “social influence OR “social vulnerability)

AND Publication Type: Peer Reviewed Journal

Appendix B.

Methodological quality assessment tool (based on QUIPS).?

Domain

1. Study participation

The study sample
represents the
population of interest
on key characteristics,
sufficient to limit
potential bias to the
results

2. Study attrition

Loss to follow-up (from
sample to study
population) is not
associated with key
characteristics (i.e., the
study data adequately
represent the sample),
sufficient to limit
potential bias

1a. The study was performed in a consecutive
series of participants

1b. There is adequate participation in the study. Of
individuals that were recruited, at least 70% agrees
to participate

2a. Of participants with complete data on social
relationship factors at baseline, at least 70% have
data on dementia at follow-up

Deceased people do count as data on dementia at
follow-up and can be seen as “worst case

2b. There are no important differences between
participants who completed the study and those
who did not. Important characteristics are at least
age and sex

Deaths not included. So it must be a comparison
between dropouts (not including deaths) and
those still in the analyses
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3. Determinant measurement Appendix C.

The determinant of 3a. Social relationship factors are assessed using

i i fficient method iati

interest is adequately  sufficient methods . . Results (RR (95% CI) and OR (95% CI)) of the associations between
measured in study This could include well-known valid and reliable X X R e .

participants to instruments for any social relationship factor other social relationship factors and incident dementia.

sufficiently limit described in Appendix A (e.g., Lubben Social Author (year) Social relationship factor Risk of incident
potential bias Network Scale, Multidimensional Scale of measurement dementia

Perceived Social Support, de Jong Gierveld

Loneliness Scale, Close Person Inventory). Also Amieva Perception to have received RR: 0.45 (95% CI:

assessments using multiple questions to assess etal. more social support than given 0'2._0'9) 0 =°0'03‘)

social relationship factors are considered sufficient (2010) Percepthn of having given RR: 1.05 (95% CI:

when including relevant questions. Using only one more sczlmal support than 0.8-1.3)(p=0.57)
receive

question (if this is not known to be a valid tool to
assess the social relationship factor) is designated
as insufficient
3b. Of the participating individuals at baseline, at
least 70% had complete data for social relationship
factors

4. Outcome measurement

The outcome of interest ~ 4a. The outcome incident dementia is based on

is adequately measured assessment performed by a multidisciplinary team

in study participants to using set criteria

Nature of the social network RR: 0.95 (95% CI:

(rather friends than as many 0.6-1.3) (p=0.80)

friends as family members)

Nature of the social network RR: 0.89 (95% CI:

(rather family members than 0.6-1.1) (p=0.38)

as many friends as family

members)

Feeling of being misunderstood RR: 0.70 (95% CI:
0.3-1.2) (p=0.25)

sufficiently limit E.g., a neuropsychological test battery is conducted Andrew and Rockwood  Social vulnerability index OR: 1.02 (95% CI:
potential bias by a neuropsychologist while the diagnosis (2010) (mcludmg as_pECtS of . 0.97-1.07)
dementia is made by a psychiatrist of neurologist, co.mmumcatlon. to engage in (p=0.50)
based on DSM-criteria or NINCDS-ADRDA-criteria wider community, living

situation, social support,
socially oriented activities of
daily living, and leisure
activities) (higher score means

4b. Outcome assessors are blinded for the social
relationship factors
5. Confounding measurement and account

Important potential 5a. Important potential confounders are measured. ; \ =

confounders are Important potential confounders should include at higher 50C131_ vulnerability)

appropriately least: Crooks et al. (2008) Stl.'onger social network RR: 0.74 (95% CI:
accounted for, limiting 1. Age (hlgher scores on the F_ubbep 0.57-0.97)
potential bias with 2. Depression SOCla.l Network Scale including  (p<0.05)
respect to the 3. Alcohol use the size of the respondent’s

active social network,

determinant of interest 4. Physical activity, OR functional disability, OR one - '
perceived social network, and

of the chronic diseases: TBI, cardiovascular disease

or CVA/stroke perceived confidant network)
5b. Important potential confounders are accounted Fratiglioni et al. (2000)  Graded sum score of so'c1al RR: 1.6 (95% CI:
network including marital 1.2-2.1) (p<0.05)

for in de study design (matching for key variables,
stratification, or initial assembly of comparable
groups) or the analysis (i.e., appropriate
adjustment). Important potential confounders
should include at least:

status, living arrangements,

and frequency and satisfaction
with contact with children and
close social ties (dichotomized:

5. Age poor or limited vs moderate or

6. Depression ) extgnsnve) '

7. Alcohol use Paillard-Borg et al. Social factor score (social (e.g., RR:0.79 (95% CI:
8. Physical activity, OR functional disability, OR one (2009) contacting and ?atlSﬁEd with  0.69-0.99)

of the chronic diseases: TBI, cardiovascular disease contact with children/close (p<0.05)

or CVA/stroke friends? and proAductiveA(eA.g,,
gardening, cooking) activities)
(higher score means higher
social factor)
Saczynski et al. (2006)  Low social engagement in late  Statistically

5c. Reverse causality is minimized either by:
-Adjusting for baseline cognitive function
-Matching on baseline cognitive function
-Excluding patients with baseline cognitive

impairments or dementia life (of wh.ich exi‘stepce ofa signiﬁcant .
6 Analysis confidant is one indicator) associated with
The statistical analysis 6a. There is no over fitting (there is a minimum of mcrease@ risk of
is appropriate for the 10 participants in the smallest group per predictor ) ) der?lentla (p< 0:05)
design of the study, and outcome variable). Valenzuela et al. (2011) Composite measure of social OR: 0.7 (95% CI:
engagement (frequency of 0.5-1.1) (ns)

limiting potential for

presentation of invalid contact with children, other

relatives, or neighbours, and

Its.
resutts frequency of attending
2QUIPS: Quality of Prognosis Studies in Systematic Reviews. meetings, clubs and other
Judgment: + (Yes) (if the quality item was met, representing low social events)
risk of bias); — (No) (if the quality item was not met, representing RR: relative risk; CI: confidence interval; OR: odds ratio.

high risk of bias); ? (Unclear) (if insufficient information was avail-
able to judge the potential of bias, representing uncertain risk of
bias). TBI: traumatic brain injury; CVA: cerebrovascular accident.
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Appendix D.

Results of sensitivity analyses for outcome measure (AD versus
dementia).

Social relationship measure

Pooled estimate
(RR (95% CI))

Heterogeneity
(x?; p-value; )

Number of studies
included in
meta-analysis

References?

Social network size

Social participation

Frequency of social
contact

Loneliness

Satisfaction with social

network

Total

Dementia as
outcome
AD as outcome

Total

Dementia as
outcome

AD as outcome

Total

Dementia as
outcome

AD as outcome

Total
Dementia as

outcome
AD as outcome

Total

Dementia as
outcome

AD as outcome

1.17 (0.92-1.48)

1.37(0.82-2.31)

0.99 (0.89-1.10)

1.41(1.13-1.75)

1.21(1.10-1.33)

1.86 (1.24-2.78)

1.57 (1.32-1.85)

1.59 (1.31-1.94)

1.52 (1.07-2.15)

1.58 (1.19-2.09)
1.69 (0.74-3.87)

1.57 (1.16-2.11)

1.25 (0.96-1.62)

1.25 (0.96-1.62)

1.42 (0.77-3.33)

x*>=11.05; p=0.03;
2 =64%

Xx*>=8.2;p=0.02;
P =75%
x>=23;p=032;
P=12%

Xx>=7.27, p=0.20;
?=31%

x>=2.8;p=042;
2=0%

x>=0.31; p=0.58;
P?=0%

x*>=3.79; p=0.80;
?=0%

x*=3.6; p=061;
?=0%

x>=0.07; p=0.78;
2=0%

x*>=0.06; p=0.97;
P?=0%

x2=0.03; p=0.87;
2=0%

Xx>=5.95; p=0.11;
2 =49%

x>=5.95; p=0.11;
12 =49%

5

1

Amieva et al. (2010), Fratiglioni

et al. (2000), He et al. (2000),
Saczynski et al. (2006), Wilson
etal. (2007)

Amieva et al. (2010), Fratiglioni

et al. (2000), Saczynski et al. (2006)
Amieva et al. (2010), He et al.
(2000), Wilson et al. (2007)

Fabrigoule et al. (1995), Gureje
etal. (2011), He et al. (2000), Karp
et al. (2006), Scarmeas et al. (2001),
Wilson et al. (2007)

Fabrigoule et al. (1995), Gureje
etal. (2011), Karp et al. (2006),
Scarmeas et al. (2001)

He et al. (2000), Wilson et al.
(2007)

Akbaraly et al. (2009), Chen et al.
(2011), Crooks et al. (2008),
Fabrigoule et al. (1995), Fratiglioni
et al. (2000), Gureje et al. (2011),
He et al. (2000), Scarmeas et al.
(2001)

Akbaraly et al. (2009), Chen et al.
(2011), Crooks et al. (2008),
Fabrigoule et al. (1995), Fratiglioni
et al. (2000), Gureje et al. (2011),
Scarmeas et al. (2001)

Akbaraly et al. (2009), He et al.
(2000)

Chen et al. (2011), He et al. (2000),
Wilson et al. (2007)
Chen et al. (2011)

He et al. (2000), Wilson et al.
(2007)

Amieva et al. (2010), Chen et al.
(2011), Crooks et al. (2008),
Fratiglioni et al. (2000)

Amieva et al. (2010), Chen et al.
(2011), Crooks et al. (2008),
Fratiglioni et al. (2000)

Amieva et al. (2010)

4Two studies measured dementia as well as AD as outcome (Akbaraly et al., 2009; Amieva et al., 2010).
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Funnel plots for (a) social network size, (b) social participation,
(c¢) frequency of social contact, (d) loneliness, and (e) satisfaction

with social r%%twork.
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(c) Frequency of social contact p for publication bias = 0.95
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(d) Loneliness p for publication bias = 0.12
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0,0
(e) Satisfaction with social network p for publication bias = 0.93
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