
Supplementary Material for
“The Effect of Social Relationships on Cognitive Decline in Older

Adults: An Updated Systematic Review and Meta-Analysis of
Longitudinal Cohort Studies”

1. Search strings

Find all ”article” OR ”review” publications ”title” OR ”abstract” OR ”keywords” of the pub-
lication includes a lower- OR title-case version of these word pairs

[”Cognitive Function” OR ”Cognitive Decline” OR ”Cognitive Deficit” OR ”Cognitive Im-
pairment” 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
[”Loneliness” OR ”Social Support” OR ”Social Isolation” OR ”Social Participation” OR

”Social Engagement” OR ”Social Disengagement” OR ”Social Integration” OR ”Personal Net-
work” OR ”Social Network” OR ”Social Activit” OR ”Social Tie” OR ”Social Relation” OR
”Social Interaction” 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”]

2. Supplementary Tables



Table 1: Structural aspects of social relationship.

Study characteristics Population characteristics Adjustment for
covariates

Outcome Social relation-
ship assessment

Results

Author Country Study
du-
ra-
tion
(yrs)

N in
the
anal-
ysis

In- and exclusion
criteria

Age
mean
(SD),
range
(yrs)

Women
(%)

Original
from paper

OR
(95%
CI)
in
meta-
analysis

Ali et al
(2018)

USA 19 6561 Inclusion: Resi-
dent in one of 3
adjacent selected
neihgborhoods
in South Side
Chicago; 65+

years old

74
(7.0),
61-
108

62 Gender, self-
reported race,
lifetime SES
(childhood SES,
education, occu-
pational status,
current income),
marital status,
number of med-
ical conditions,
physical func-
tion summary
score, cogni-
tive function
summary score,
network size and
diversity mutual
adjustment

Cognitive func-
tion. Continuous,
assessed with
immediate and
delayed recall
East Boston Story
oral Symbol Digit
Modalities Test
and MMSE.

Structural: Social
network size.
Continuous,
based on number
of children, other
relatives, friends
and neighbours.
Network size
cut at 12, then
summed across
network type.
Range 0-48.

Unstandardized
Beta (SE,
p-value):
0.004
(0.001,
p<0.001)

1.01
(1.00,
1.02)
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Study characteristics Population characteristics Adjustment for

covariates
Outcome Social relation-

ship assessment
Results

Author Country Study
du-
ra-
tion
(yrs)

N in
the
anal-
ysis

In- and exclusion
criteria

Age
mean
(SD),
range
(yrs)

Women
(%)

Original
from paper

OR
(95%
CI)
in
meta-
analysis

Ali et al
(2018)

Structural: So-
cial network di-
versity. Mea-
sured with net-
work diversity in-
dex. Range (1-
4). Increasing
score indicate in-
creasing diversity
in social relation-
ships inside the
network.

Unstandardized
Beta (SE,
p-value):
0.109
(0.013,
p<0.001)

1.55
(1.4,
1.73)

Bourassa
et al
(2017)

EU 6 19832 Inclusion: Par-
ticipating in
SHARE; aged
50+ at base-
line. Exclu-
sion: Present in
only one wave
(baseline or
follow-up); same
household of
other primary
respondents

64.4
(10.1),
62-
82

52.7 Age at baseline,
gender, income,
depressive symp-
toms, physical
health, physical
activity level.

Cognitive func-
tion. Continuous,
assessed with ex-
ecutive function
task (category
verbal fluency).

Structural: Social
activity. Contin-
uous, assessed
using a sum score
of 4-category
social activity
(participation to:
voluntary or char-
ity work; sport,
social, or other
kind of club;
religious organi-
zation; political
or community
organization).
Higher scores
indicate higher
levels of social
activity.

Standardized
Beta (95%
CI): 0.19
(0.14,0.23),
p <0.01.

2.01
(1.49,
2.72)
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Continuing from the previous page
Study characteristics Population characteristics Adjustment for

covariates
Outcome Social relation-

ship assessment
Results

Author Country Study
du-
ra-
tion
(yrs)

N in
the
anal-
ysis

In- and exclusion
criteria

Age
mean
(SD),
range
(yrs)

Women
(%)

Original
from paper

OR
(95%
CI)
in
meta-
analysis

Chen
and
Chang
(2016)

Taiwan 14 2300 Inclusion: Par-
ticipating in the
Taiwan Longitu-
dinal Study on
Aging in 1989;
at least two mea-
sures of SPMSQ
during 1993 to
2007. Exclusion:
Younger than
65 years-old in
1993; died before
1993; incorrect
information on
death; stroke
diagnosis in 1993

70.9
(5.0),
65+

44.8 Age, sex, edu-
cation, health
status (BMI,
chronic dis-
eases, depression
symptom score),
health behaviour
(smoking, al-
cohol drinking,
physical activity),
physical function
(activities of daily
living, instrumen-
tal activities of
daily living and
mobility tasks).

Cognitive func-
tion. Continuous,
assessed with five
item SPMSQ,
validated by a
Chinese ver-
sion of MMSE.
Score ranging
0 to 5, higher
score indicates
higher cognitive
functioning.

Structural: Social
interaction. Mea-
sured with items
investigating
involvement in
playing games
and socializing
with friends,
neighbours and
relatives. Higher
score indicates
higher interaction

Starting
high and
declining
OR (95%
CI): 0.98
(0.78, 1.23)

1.02
(0.81,
1.28)

Chen
and
Chang
(2016)

Starting
low and
declining
OR (95%
CI): 0.87
(0.64, 1.17)

1.15
(0.85,
1.55)
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Continuing from the previous page
Study characteristics Population characteristics Adjustment for

covariates
Outcome Social relation-

ship assessment
Results

Author Country Study
du-
ra-
tion
(yrs)

N in
the
anal-
ysis

In- and exclusion
criteria

Age
mean
(SD),
range
(yrs)

Women
(%)

Original
from paper

OR
(95%
CI)
in
meta-
analysis

Ellwardt
et al
(2015)

The
Nether-
lands

6.2
(5.8),
max
19.8

2959 Inclusion: Par-
ticipating in the
Longitudinal
Aging Study Am-
sterdam (LASA);
born between
1908-1937; living
in areas in and
around cities of
Zwolle, Oss, and
Amsterdam

73.9
(8.5),
54-
100

51.5 Age, gender, edu-
cation, living with
partner, physical
functioning, time

Cognitive func-
tion. Continuous,
assessed with
MMSE (range
0-30)

Structural: So-
cial network size.
Measured as total
count of all mem-
bers in the per-
sonal network

Unstandardized
Beta (95%
CI): 0.021
(0.013,0.028),
p <0.001

1.27
(1.08,
1.48)

Ellwardt
et al
(2015)

Structural: Social
network com-
plexity. Measured
with the Cohen’s
Social Network
Index, based on
the number of
social roles the
respondent has
regular contact
with.

Unstandardized
Beta (95%
CI): 0.110
(0.075,0.144),
p < 0.001

1.3
(1.1,
1.53)
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Continuing from the previous page
Study characteristics Population characteristics Adjustment for

covariates
Outcome Social relation-

ship assessment
Results

Author Country Study
du-
ra-
tion
(yrs)

N in
the
anal-
ysis

In- and exclusion
criteria

Age
mean
(SD),
range
(yrs)

Women
(%)

Original
from paper

OR
(95%
CI)
in
meta-
analysis

Elovainio
et al
(2017)

UK 26 6072 Inclusion: 35-55
years old in 1985-
88; participating
in the Whitehall II
Study

61
(0.1)

29 Age, sex, eth-
nicity, socioe-
conomic status
(occupation),
level of C-
reactive protein
(CRP), blood
pressure, low-
density lipopro-
tein cholesterol,
fasting glucose,
drinking, BMI

Cognitive de-
cline. Contin-
uous, assessed
with the Alice
Heim 4-I scale,
short-term verbal
memory assess-
ment, verbal
fluency test.
Single test scores
were combine
in standardized
global z-score.
Measured at
baseline and
follow-up. Three-
trajectory (low,
medium, high) of
global cognitive
function derived
with GBTM
methods.

Structural: Fre-
quency of social
contact. Contin-
uous, measured
with the Berk-
man/Syme social
network index.

RRR (95%
CI) Low vs
high: 0.96
(0.93,0.99)

0.96
(0.93,
0.99)
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Study characteristics Population characteristics Adjustment for

covariates
Outcome Social relation-

ship assessment
Results

Author Country Study
du-
ra-
tion
(yrs)

N in
the
anal-
ysis

In- and exclusion
criteria

Age
mean
(SD),
range
(yrs)

Women
(%)

Original
from paper

OR
(95%
CI)
in
meta-
analysis

Haslam
et al
(2014)

UK 4 3413 Inclusion: Born
before March
1952; take part in
wave 3, 4 and 5
of English Longi-
tudinal Study on
Ageing; complete
information on
key variables

62.6
(8.9),
50-
99

57.3 Age, sex, socio-
economic status
(income decile),
physical health

Cognitive func-
tion. Continuous,
computed for
each wave using
factor analysis on
five items: orien-
tation in time and
space (assessed
with MMSE),
immediate and
delayed memory
(assessed with
tasks from the
Health and Re-
tirement Study),
verbal fluency,
prospective mem-
ory (assessed
with tasks from
the Medical Re-
search Council
Cognitive Func-
tion and Ageing
Study)

Structural: Social
activity. Contin-
uous, computed
with factor anal-
ysis. The “social
activity” factor
comprises mea-
sures that indexed
societal and civic
engagement,
participation in
cultural activities
and number of
group member-
ships

Standardized
Beta (95%
CI): 0.17
(0.11,
0.23), p <
0.001

1.86
(1.49,
2.33)
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Continuing from the previous page
Study characteristics Population characteristics Adjustment for

covariates
Outcome Social relation-

ship assessment
Results

Author Country Study
du-
ra-
tion
(yrs)

N in
the
anal-
ysis

In- and exclusion
criteria

Age
mean
(SD),
range
(yrs)

Women
(%)

Original
from paper

OR
(95%
CI)
in
meta-
analysis

Hwang
et al
(2018)

South
Ko-
rea

8 6706 Inclusion: Par-
ticipating in
the KLOSA
survey; normal
cognitive func-
tion at baseline
(K-MMSE>24).
Exclusion: Miss-
ing covariates at
baseline

58
(0.1)

50.1 Age, gender,
education, house-
hold income
quartile, working
status, marital
status, residence,
physical activ-
ity, smoking,
drinking, ADL,
depression,
comorbidity

Global cognitive
functioning. Con-
tinuous, assessed
with K-MMSE
at baseline and
follow-up

Structural: Social
activity. Assessed
at baseline using
four separate
dimension: par-
ticipation in
religious groups,
social gather-
ings, Alumni,
volunteer work

Religious
groups
Unstan-
dardized
Beta (SE,
p-value):
-0.01 (0.18,
0.96)

0.99
(0.71,
1.38)

Hwang
et al
(2018)

Social
gatherings
Unstan-
dardized
Beta (SE,
p-value):
0.29 (0.16,
0.07)

1.37
(0.97,
1.92)

Hwang
et al
(2018)

Alumni
Unstan-
dardized
Beta (SE,
p-value):
-0.16 (0.16,
0.34)

0.86
(0.62,
1.18)

Continues in the following page
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Study characteristics Population characteristics Adjustment for

covariates
Outcome Social relation-

ship assessment
Results

Author Country Study
du-
ra-
tion
(yrs)

N in
the
anal-
ysis

In- and exclusion
criteria

Age
mean
(SD),
range
(yrs)

Women
(%)

Original
from paper

OR
(95%
CI)
in
meta-
analysis

Hwang
et al
(2018)

Volunteer
work
Unstan-
dardized
Beta (SE,
p-value):
0.17 (0.33,
0.60)

1.08
(0.80,
1.47)
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Continuing from the previous page
Study characteristics Population characteristics Adjustment for

covariates
Outcome Social relation-

ship assessment
Results

Author Country Study
du-
ra-
tion
(yrs)

N in
the
anal-
ysis

In- and exclusion
criteria

Age
mean
(SD),
range
(yrs)

Women
(%)

Original
from paper

OR
(95%
CI)
in
meta-
analysis

Kats
et al
(2016)

USA 20 13119 Inclusion: Partic-
ipating to ARIC
study (aged 45-64
in 1987-1989);
living in Forsyth
County, NC;
Jackson, MS;
suburbs of Min-
neapolis, MN
and Washington
County, MD.
Exclusion: Not
African Ameri-
can or Caucasian,
African American
in Minneapolis,
African American
in Washington
County; missing
global z-scores at
baseline; missing
education; miss-
ing ISEL-SF or
LSNS

57
(5.7)

56.2 Age, sex, study
centre, education,
smoking, alcohol
compsumption,
hypertension,
diabetes

Cognitive func-
tion. Continuous,
measured with
standardized
global z-score
of: Digit Sym-
bol Sostitution
Test (DSST-
executive func-
tion, prcessing
speed), Delayed
Word Recall Test
(DWRT- verbal
learning, immedi-
ate memory) and
Word Fluency
Test (WFT -
executive func-
tion, expressive
language)

Structural: Social
network size. Di-
chotomous, “low
risk” vs “isolat-
ed/high risk”.
Measured using
the Lubben Social
Network Scale
(LSNS). Total
score ranges 0-
50, dichotomized
with cutoff at 31

African
Americans
z-score
(95% CI):
-0.01 (-
0.11, 0.13),
p =0.87

1.02
(0.82,
1.27)

Kats
et al
(2016)

Caucasian
Americans
z-score
(95% CI):
-0.03 (-
0.09, 0.03),
p =0.29

0.95
(0.85,
1.06)
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Continuing from the previous page
Study characteristics Population characteristics Adjustment for

covariates
Outcome Social relation-

ship assessment
Results

Author Country Study
du-
ra-
tion
(yrs)

N in
the
anal-
ysis

In- and exclusion
criteria

Age
mean
(SD),
range
(yrs)

Women
(%)

Original
from paper

OR
(95%
CI)
in
meta-
analysis

Lee and
Ang
(2020)

South
Ko-
rea

6 8402 Inclusion: En-
rolled in the
Korean Longi-
tudinal Study of
Aging (KloSA).
Exclusion: Aged
below 60; cogni-
tive impairment
at baseline; unre-
liable values on
cognitive impai-
ment score over
waves; one or
more variables of
interest missing
in all waves

66.5
(5.7),
60-
91

44.5 Age, education,
marital status,
log total annual
household in-
come, rurality,
living alone,
heart-related
diseases, ADL,
depression,
phisical activity

Cognitive im-
pairment. Di-
chotomized,
measured using
the Korean ver-
sion of MMSE.
Cutoff at 24

Structural: In-
formal social
activity. Dichoto-
mous, assessed
as time spent in
meeting family
and grandpar-
enting (1 if
participated in
activity in last
year, 0 if not)

OR (95%
CI): 0.58
(n.a.),
p <0.01

1.72
(1.18,
2.52)

Lee and
Ang
(2020)

Structural:
Formal social
activity. Dichoto-
mous, assessed as
participation in
senior community
centers, educa-
tional programs,
alumni societies,
volunteer, polit-
ical groups (1 if
participated in
activity in last
year, 0 if not)

OR (95%
CI): 1.46
(n.a.),
p <0.05

0.68
(0.47,
0.99)
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Continuing from the previous page
Study characteristics Population characteristics Adjustment for

covariates
Outcome Social relation-

ship assessment
Results

Author Country Study
du-
ra-
tion
(yrs)

N in
the
anal-
ysis

In- and exclusion
criteria

Age
mean
(SD),
range
(yrs)

Women
(%)

Original
from paper

OR
(95%
CI)
in
meta-
analysis

Marioni
et al
(2015)

France 20 2854 Inclusion: Par-
ticipated in the
Paquid database;
65+ at baseline
(1988); residing
at home at base-
line. Exclusion:
Partial or absent
data

77
(6.8)

59 Age, gender,
education (low,
medium, high),
marital status

Cognitive de-
cline. Categorical
(non-decliners,
moderate declin-
ers, fast declin-
ers). Cognitive
ability assessed
using MMSE,
verbal fluency
(Isaac’s Set Test
truncated at 15),
abstract thinking
(Wechsler Sim-
ilarities Test),
episodic memory
and learning
(Wechsler Paired
Associate Test),
processing speed
(Digit Symbol
Substitution
Test), and im-
mediate visual
memory (Benton
Visual Retention-
Test)

Structural: Social
network size.
Dichotomous,
“large” (network
≥ 8 people) vs
“small” (network
< 8 people)

HR (95%
CI): 1.04
(0.90, 1.20)

0.96
(0.83,
1.11)

Continues in the following page
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Continuing from the previous page
Study characteristics Population characteristics Adjustment for

covariates
Outcome Social relation-

ship assessment
Results

Author Country Study
du-
ra-
tion
(yrs)

N in
the
anal-
ysis

In- and exclusion
criteria

Age
mean
(SD),
range
(yrs)

Women
(%)

Original
from paper

OR
(95%
CI)
in
meta-
analysis

Min
(2018)

South
Ko-
rea

6 2445 Inclusion: Korean
resident in South
Korea (no Juju Is-
land); 60+ years
old at baseline;
K-MMSE 24+ at
baseline; com-
pleted MMSE in
3 out of 4 waves

67.5
(5.6),
60-
91

46 Age, gender,
marital status,
education, func-
tional health
(ADL, IADL),
depression,
regular exer-
cise, smoking,
drinking

Cognitive de-
cline. Dichoto-
mous, assessed
with MMSE. Cut-
off: MMSE<24

Structural: Social
activity. Con-
tinuous, range:
0-6. Assessed
with participation
at church, social
clubs, sports
clubs, alumni so-
cieties, volunteer
groups, political
organizations

OR (95%
CI): 0.76
(0.60,0.96),
p <.05

1.32
(1.07,
1.61)

Qiu et al
(2019)

China 16 3819 Inclusion:Participated
in the Chinese
Longitudi-
nal Healthy
Longevity Study
(CLHLS) be-
tween 1998-
2014; aged
>79. Exclusion:
Cerebrovascular
disease; Parkin-
son diagnosis;
totally limited
physical function;
extremely incom-
plete information

89.2
(6.8),
80+

48.2 Age, sex, mari-
tal status, occu-
pation, smoking,
drinking, vegetar-
ian, diabetes, de-
pression

Cognitive im-
pairment. Di-
chotomized,
measured using
the Chinese re-
vised version of
MMSE. Cutoff

point of <24

Structural: Social
activity. Dichoto-
mous. Frequency
of taking part in
social activities
assessed with a 3-
point scale (never,
sometimes, al-
most every
day), rescaled
to “never” vs
“almost every
day”

HR (95%
CI): 0.64
(0.50, 0.81)

1.56
(1.23,
1.99)

Continues in the following page

13



Continuing from the previous page
Study characteristics Population characteristics Adjustment for

covariates
Outcome Social relation-

ship assessment
Results

Author Country Study
du-
ra-
tion
(yrs)

N in
the
anal-
ysis

In- and exclusion
criteria

Age
mean
(SD),
range
(yrs)

Women
(%)

Original
from paper

OR
(95%
CI)
in
meta-
analysis

Sommerlad
et al
(2019)

UK 14.3
(5.6)

7092 Inclusion: Civil
servants in Lon-
don; 35-55 years
old at baseline;
completed all 12
waves

44.9
(6.1)

33.1 Age, gender, eth-
nicity, education,
SES (grade of
last employment),
employment
status, marital
status, smoking,
drinking, physical
activity

Global cogni-
tive function.
Continuous,
assessed with
global cognitive
score (phome-
nic fluency +

semantic fluency
+ short-term
verbal memory
+ Alice Heim
4-I test of verbal
and mathemat-
ical reasoning).
Standardized
z-scores

Structural: Fre-
quency of social
contact. Contin-
uous, measured
with Berk-
man/Syme social
network index
(range 0-16)

Unstandardized
Beta (95%
CI): -0.01
(-0.03,
0.01)

1.14
(1.02,
1.27)
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Continuing from the previous page
Study characteristics Population characteristics Adjustment for

covariates
Outcome Social relation-

ship assessment
Results

Author Country Study
du-
ra-
tion
(yrs)

N in
the
anal-
ysis

In- and exclusion
criteria

Age
mean
(SD),
range
(yrs)

Women
(%)

Original
from paper

OR
(95%
CI)
in
meta-
analysis

Wang
et al
(2013)

China 2.4 1463 Inclusion: Aged
65+; living in
Sichuan or Shan-
dong province.
Exclusion: Hav-
ing hearing
problems or
physical disabil-
ities; missing
follow-up visit;
baseline global
cognitive score in
the bottom 10%
of distribution

71
(5)

49.2 Age, gender, year
of schooling,
marital status,
household com-
position, alcohol
consumption,
smoking, med-
ical history and
fracture, height,
weight, BMI,
APOE genotype

Cognitive func-
tion. Continuous,
measured using
the Community
Screening In-
strument for De-
mentia (CSID).
Higher scores for
higher cognitive
function

Structural: Social
activity. Dichoto-
mous, assessed
with frequencies
of engagement in
visiting family or
friends, receiving
visitors at home,
giving advice. Fi-
nal score has been
dichotomized in
“low activity”
(lower tertile) and
“high activity”
(middle and
upper tertile)

Standardized
Beta (95%
CI): 0.13
(-0.23,
-0.03),
p <0.05

1.26
(1.05,
1.51)
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Continuing from the previous page
Study characteristics Population characteristics Adjustment for

covariates
Outcome Social relation-

ship assessment
Results

Author Country Study
du-
ra-
tion
(yrs)

N in
the
anal-
ysis

In- and exclusion
criteria

Age
mean
(SD),
range
(yrs)

Women
(%)

Original
from paper

OR
(95%
CI)
in
meta-
analysis

Wilson
et al
(2015)

USA 10 529 Inclusion: Partic-
ipating in Rush
Memory and Ag-
ing Project; aged
50+; no diagnosis
of dementia prior
to enrollment;
agreement to
yearly clinical
examination;
brain autopsy at
death. Exclusion:
Dementia or MCI
at baseline

81.4
(7.1),
50+

78.9 Age, sex, ed-
ucation, social
network size,
social activ-
ity, loneliness,
depressive symp-
toms, ability to
cope with stress,
negative life
events

Cognitive func-
tion. Continuous,
standardized.
Composite mea-
sure of global
cognition based
on 19 tests mea-
suring: episodic
memory, se-
mantic memory,
working memory,
perceptual speed,
visuospatial
ability

Structural:
Frequency of
negative social
interactions.
Assessed with
12 items on four
domains: neglect
of rejection by
others; others’
unwanted intru-
sion or advice;
failure by others
to provide help;
unsympathetic or
insensitive be-
havior by others.
Scores for the to-
tal scale obtained
by averaging item
scores

HR (95%
CI): 1.53
(1.13, 2.07)

1.53
(1.13,
2.07)

Tang
et al
(2020)

USA 2.5 2713 Inclusion: Chi-
nese older adults
residing in
Chicago, USA

72.8
(8.3),
59-
103

57.9 Age, gender, ed-
ucation, income,
self-rated health,
years living in the
neighborhood,
years living in
USA, marital
status

Cognitive func-
tion. Continuous,
assessed with
C-MMSE

Structural: Social
activity. Contin-
uous, assessed
as frequencies of
participating in
following activ-
ities: going out,
visiting friends,
inviting guests at
home

Standardized
Beta (95%
CI, p-
value):
0.10 (,
p <0.001)

1.21
(1.09,
1.34)
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Continuing from the previous page
Study characteristics Population characteristics Adjustment for

covariates
Outcome Social relation-

ship assessment
Results

Author Country Study
du-
ra-
tion
(yrs)

N in
the
anal-
ysis

In- and exclusion
criteria

Age
mean
(SD),
range
(yrs)

Women
(%)

Original
from paper

OR
(95%
CI)
in
meta-
analysis

Zhang
et al
(2019a)

China 16 2603 Inclusion: Res-
ident in one of
22 sample areas
in 31 provinces in
China; 80+ years
old at baseline;
65-79 years old
in 2002; 64 years
old in 2005

n.a. 52.9 Age, gender,
education,
marital status,
income, place
of residence,
psychological
well-being, fresh
fruit intake,
fresh vegetable
intake, smoking,
drinking, exer-
cising, outdoor
activities, play
cards/mahjong,
ADL, hyperten-
sion, diabetes,
cardiovascular
disease, orthope-
dic disease

Cognitive impair-
ment. Dichoto-
mous, assessed
with C-MMSE
(range: 0-30),
cut-off < 24

Structural: Social
activity. Contin-
uous, measured
as frequency of
engagement in
social activities.
Score ranges
1-5. Higher score
indicate higher
frequency of
engagement in
social activities

OR (SE,
95% CI,
p-value):
0.81 (0.04;
0.73, 0.91;
p < 0.001)

1.23
(1.11,
1.38)
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Study characteristics Population characteristics Adjustment for

covariates
Outcome Social relation-

ship assessment
Results

Author Country Study
du-
ra-
tion
(yrs)

N in
the
anal-
ysis

In- and exclusion
criteria

Age
mean
(SD),
range
(yrs)

Women
(%)

Original
from paper

OR
(95%
CI)
in
meta-
analysis

Zhang
et al
(2019b)

USA 2 2543 Inclusion: Chi-
nese; resident in
Greater Chicago
area; able to
provide informed
consent; 60+

years old

75.5
(8.1)

58.3 Age, sex, edu-
cation, marital
status, annual
income, ADL,
IADL, comorbid-
ity

Global Cognition.
Continuous, as-
sessed with: gen-
eral mental status
(C-MMSE),
episodic memory
(East Boston
Memory Test),
perceptual speed
(11-item Symbol
Digit Modalities
Test), working
memory (Digit
Span Backward
from Wechsel
Memory Scale
Revised). Aver-
age z-scores of 4
tests

Structural: Social
activity. Contin-
uous, measured
with an index
of participation
into activities
that are socially
stimulating and
ranging 0-32

Unstandardized
Beta (95%
CI), p-
value:
0.005
(SE=0.00),
p =0.04
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Table 2: Functional aspects of social relationships.

Study characteristics Population characteristics Adjustment for
covariates

Outcome Social relation-
ship assessment

Results

Author Country Study
du-
ra-
tion
(yrs)

N in
the
anal-
ysis

In- and exclusion
criteria

Age
mean
(SD),
range
(yrs)

Women
(%)

Original
from paper

OR
(95%
CI)
in
meta-
analysis

Chen
and
Chang
(2016)

Taiwan 14 2300 Inclusion: Par-
ticipating in the
Taiwan Longitu-
dinal Study on
Aging in 1989;
at least two mea-
sures of SPMSQ
during 1993 to
2007. Exclusion:
Younger than
65 years-old in
1993; died before
1993; incorrect
information on
death; stroke
diagnosis in 1993

70.9
(5.0),
65+

44.8 Age, sex, edu-
cation, health
status (BMI,
chronic dis-
eases, depression
symptom score),
health behaviour
(smoking, al-
cohol drinking,
physical activity),
physical function
(activities of daily
living, instrumen-
tal activities of
daily living and
mobility tasks)

Cognitive func-
tion. Continuous,
assessed with five
item SPMSQ,
validated by a
Chinese ver-
sion of MMSE.
Score ranging
0 to 5, higher
score indicates
higher cognitive
functioning

Functional: Emo-
tional support.
Assessed with 3
items investigat-
ing respondents
being cared for
when ill and
being listened
to by friends or
relatives. Each
item was scores 0
(no) or 1 (yes)

Starting
high and
declining

1.15
(0.94,
1.41)

Chen
and
Chang
(2016)

Functional: Emo-
tional support.
Assessed with 3
items investigat-
ing respondents
being cared for
when ill and
being listened
to by friends or
relatives. Each
item was scores 0
(no) or 1 (yes)

Starting
low and
declining

1.30
(1.01,
1.67)
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Study characteristics Population characteristics Adjustment for

covariates
Outcome Social relation-

ship assessment
Results

Author Country Study
du-
ra-
tion
(yrs)

N in
the
anal-
ysis

In- and exclusion
criteria

Age
mean
(SD),
range
(yrs)

Women
(%)

Original
from paper

OR
(95%
CI)
in
meta-
analysis

Donovan
et al
(2017)

USA 12 8382 Inclusion: Par-
ticipating in the
Health and Re-
tirement Study
(HRS); 65+ in
2000; living in
households in
the contiguous
US; being non-
Hispanic white or
black American

73.2
(6.5)

60 Age, sex, race,
years of educa-
tion, wealth, in-
come, social net-
work, health con-
ditions and de-
pression

Global cognitive
score. Contin-
uous, measured
with Telephone
Interview for
Cognitive Status.
Participants who
were too impaired
to undergo direct
testing, proxy
respondents rated
the participant’s
memory using
a 5-point Lik-
ert scale and
completed the
16-item version
of the Informant
Questionnaire for
Cognitive De-
cline (IQCODE)

Functional:
Loneliness.
Evaluated using
CES-D scale
(8-item version:
felt depressed,
felt everything
was an effort,
restless sleep,
were happy, felt
lonely, enjoyed
life, felt sad,
could not get
going). Loneli-
ness was rated as
present if partici-
pants responded
affirmatively to
the loneliness
question

Unstandardized
Beta (95%
CI): -0.2
(-0.3, -0.1),
p < 0.002

1.63
(1.29,
2.06)
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Study characteristics Population characteristics Adjustment for

covariates
Outcome Social relation-

ship assessment
Results

Author Country Study
du-
ra-
tion
(yrs)

N in
the
anal-
ysis

In- and exclusion
criteria

Age
mean
(SD),
range
(yrs)

Women
(%)

Original
from paper

OR
(95%
CI)
in
meta-
analysis

Eisele
et al
(2012)

Germany 1.5 1869 Inclusion: 75+

yrs old; absence
of dementia at
baseline; regular
patient of 1 of
138 primary care
practices in 6
German cities;
at least 1 con-
sultation with
general practi-
tioner within last
year. Exclusion:
Residence in a
nursing home;
consultations
by home visit
only; severe
illness fatal
within 3 months
(according to
practitioner); in-
sufficient ability
to speak Ger-
man; deafness,
blindness and in-
sufficient ability
to consent

82.4
(3.3),
79-
95

65.9 Age, gender,
education, cog-
nitive function at
W1, sensory im-
pairment, health
status, physical
activity, cardio-
vascular illness,
alcohol abuse,
depression, di-
abetes mellitus,
smoking, BMI,
cognitive activity,
IADL, engage-
ment in social
groups, age ∗

gender, age ∗

engagement

Cognitive change.
Continuous. Cog-
nitive function
measured with
SIDAM Score
(SISCO), Differ-
ences computed
between wave2
and wave1

Functional:
Social sup-
port. Dichoto-
mous. Measured
through 14-item
short form of
questionnaire for
social support
(FsozU K-14).
5-item Likert
scale was adapted
to include yes/no
for cognitively
impaired. Sum
scored range
0 to 14, then
dichotomised at
11.5 as cut-off .
Being above the
treshold indicates
high perceived
social support.

No associ-
ation (data
not shown)

n.a.
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covariates
Outcome Social relation-

ship assessment
Results

Author Country Study
du-
ra-
tion
(yrs)

N in
the
anal-
ysis

In- and exclusion
criteria

Age
mean
(SD),
range
(yrs)

Women
(%)

Original
from paper

OR
(95%
CI)
in
meta-
analysis

Evans
et al
(2019)

UK 2 1498 Inclusion: Res-
idents in two
selected locations
in Wales; 65+

years old. Exclu-
sion: MMSE ≤
25 or AGECAT
dementia at base-
line; AGECAT
depression at
baseline; living
in institutions;
missing data

73.2
(6.1)

50.1 Age, gender,
education, so-
cial isolation,
loneliness, social
activity, marital
status, ADL

Global cogni-
tive function.
Continuous,
assessed with
CAMCOG scale.
Score ranges
0-107, lower
scores indicate
poor cognitive
function

Functional:
Loneliness. Di-
chotomous, (0 =

living alone, 1 =

not living alone)

Unstandardized
Beta (95%
CI, p-
value):
0.03 (-0.13,
0.18, p =

0.735)

1.01
(0.94,
1.09)

Griffin
et al
(2020)

USA 6 7212 Inclusion: Par-
ticipated in the
Health and Re-
tirement Study
(HRS); 65+ years
old. Exclusion:
Depression at
baseline

72.5
at
last
wave,
65+

59
at
last
wave

Age, sex, edu-
cation, socio-
economic status,
race, functional
limitations, health
status, cynical
hostility, ob-
jective social
isolation (mutual
adjustment)

Cognitive func-
tion. Continuous,
assessed with
modified version
of TICS - Tele-
phone Interview
for Cognitive Sta-
tus. Range 0-35.
Higher scores for
higher cognitive
performance

Functional:
Loneliness. Con-
tinuous, assessed
with the Hughes
Scale based on
three items. Value
set to missing if
more than one
item was missing

Standardized
Beta (95%
CI), p-
value:
-0.34 (-
0.56,-0.11),
p <0.01

1.13
(1.04,
1.22)
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Outcome Social relation-

ship assessment
Results

Author Country Study
du-
ra-
tion
(yrs)

N in
the
anal-
ysis

In- and exclusion
criteria

Age
mean
(SD),
range
(yrs)

Women
(%)

Original
from paper

OR
(95%
CI)
in
meta-
analysis

Hajek
et al
(2020)

Germany 3 3210 Inclusion: Par-
ticipated in wave
5 and 6 of the
German Ageing
Survey (DEAS);
aged 40+

65
(10.7)

50.3 Age, marital sta-
tus, employment
status, household
net equivalent
income, self-rated
health, physi-
cal functioning,
total number of
physical illnesses.
Cognitive func-
tion. Continuous,
assessed with
Digit Symbol
test. Higher
scores reflect
better cognitive
functioning

Functional: Per-
ceived social
isolation. Con-
tinuous, assessed
with Bude and
Lantermann’s
scale. Higher
values corre-
sponding to
higher social
isolation

Unstandardized
Beta (95% CI):
-1.13 (-1.85,
-0.40)

0.83 (0.73,
0.93)
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Study characteristics Population characteristics Adjustment for

covariates
Outcome Social relation-

ship assessment
Results

Author Country Study
du-
ra-
tion
(yrs)

N in
the
anal-
ysis

In- and exclusion
criteria

Age
mean
(SD),
range
(yrs)

Women
(%)

Original
from paper

OR
(95%
CI)
in
meta-
analysis

Kats
et al
(2016)

USA 20 13119 Inclusion: Partic-
ipating to ARIC
study (aged 45-64
in 1987-1989);
living in Forsyth
County, NC;
Jackson, MS;
suburbs of Min-
neapolis, MN
and Washington
County, MD.
Exclusion: Not
African Ameri-
can or Caucasian,
African American
in Minneapolis,
African American
in Washington
County; missing
global z-scores at
baseline; missing
education; miss-
ing ISEL-SF or
LSNS

57
(5.7)

56.2 Age, sex, study
centre, education,
smoking, alcohol
compsumption,
hypertension,
diabetes

Cognitive func-
tion. Continuous,
measured with
standardized
global z-score
of: Digit Sym-
bol Sostitution
Test (DSST-
executive func-
tion, prcessing
speed), Delayed
Word Recall Test
(DWRT- verbal
learning, immedi-
ate memory) and
Word Fluency

Functional: So-
cial support.
Dichotomous,
“higher quartile”
vs “lower quar-
tile”. Measured
using the short
form of the Inter-
personal Support
Evaluation List
(ISEL-SF) and
Lubben Social
Network Scale
(LSNS). Each
question of
the ISEL-SF is
scored on a 4-
point rating scale
(definitely true,
probably true,
probably false
and definitely
false; scored
0–3). ISEL-SF
score has been
categorized into
quartiles

African
Americans
z-score
(95% CI):
-0.01 (-
0.14, 0.12),
p =0.84

0.98
(0.77,
1.24)
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covariates
Outcome Social relation-

ship assessment
Results

Author Country Study
du-
ra-
tion
(yrs)

N in
the
anal-
ysis

In- and exclusion
criteria

Age
mean
(SD),
range
(yrs)

Women
(%)

Original
from paper

OR
(95%
CI)
in
meta-
analysis

Kats
et al
(2016)

Functional: So-
cial support.
Dichotomous,
“higher quartile”
vs “lower quar-
tile”. Measured
using the short
form of the Inter-
personal Support
Evaluation List
(ISEL-SF) and
Lubben Social
Network Scale
(LSNS). Each
question of
the ISEL-SF is
scored on a 4-
point rating scale
(definitely true,
probably true,
probably false
and definitely
false; scored
0–3). ISEL-SF
score has been
categorized into
quartiles

Caucasian
Americans
z-score:
(95% CI):
0.01 (-
0.05, 0.05),
p =0.95

1.02
(0.93,
1.12)
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Outcome Social relation-

ship assessment
Results

Author Country Study
du-
ra-
tion
(yrs)

N in
the
anal-
ysis

In- and exclusion
criteria

Age
mean
(SD),
range
(yrs)

Women
(%)

Original
from paper

OR
(95%
CI)
in
meta-
analysis

Marioni
et al
(2015)

France 20 2854 Inclusion: Par-
ticipated in the
Paquid database;
65+ at baseline
(1988); residing
at home at base-
line. Exclusion:
Partial or absent
data

77
(6.8)

59 Age, gender,
education (low,
medium, high),
marital status

Cognitive de-
cline. Categorical
(non-decliners,
moderate declin-
ers, fast declin-
ers). Cognitive
ability assessed
using MMSE,
verbal fluency
(Isaac’s Set Test
truncated at 15),
abstract thinking
(Wechsler Sim-
ilarities Test),
episodic memory
and learning
(Wechsler Paired
Associate Test),
processing speed
(Digit Symbol
Substitution
Test), and im-
mediate visual
memory (Benton
Visual Retention-
Test)

Functional: Net-
work satisfaction.
Dichotomous,
“satisfied” vs
“not satisfied”,
assessed with 4
response Likert
scale

HR (95%
CI): 0.79
(0.63, 0.99)

0.95
(0.77,
1.17)
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covariates
Outcome Social relation-

ship assessment
Results

Author Country Study
du-
ra-
tion
(yrs)

N in
the
anal-
ysis

In- and exclusion
criteria

Age
mean
(SD),
range
(yrs)

Women
(%)

Original
from paper

OR
(95%
CI)
in
meta-
analysis

McHugh Power
et al
(2019)

Ireland 4 7433 Inclusion: 50+

years old or
spouses of par-
ticipants 50+

years old. Exclu-
sion: Diagnosis
of dementia;
Alzheimer’s
disease; organic
brain syndrome;
senility; serious
memory impair-
ment; any emo-
tional, nervous,
or psychiatric
problem

63.9
(9.8),
50-
105

53.3 Age, sex, edu-
cation, physical
health, depressive
symptoms, anx-
iety symptoms,
cardiovascular
disease

Global cognitive
functioning. Con-
tinuous, assessed
with immediate
and delayed
recall, MMSE,
verbal fluency

Functional:
Loneliness. Con-
tinuous, assessed
with a 5-item
version of UCLA
loneliness scale

Standardized
Beta (SE):
-0.103
(SE=0.025),
p <0.001

1.45
(1.21,
1.74)

Noguchi
et al
(2019)

Japan 1 121 Inclusion: Living
in Togo town,
Japan; enrolled in
municipal health-
check project.
Exclusion: Age
<65; history
of diagnosis
of dementia or
mental illness;
non-independent
walking ability;
missing data
for cognitive
function

73.8
(4.9),
65+

47.1 Age, sex, BMI,
living alone,
equivalent in-
come, medical
history, depres-
sion, IADL,
walking speed,
walking time

Cognitive func-
tion. Continuous,
assessed with
MoCa-J at
baseline and
follow-up. Total
score ranges 0
to 30, higher
scores indicate
higher cognitive
function

Functional: So-
cial support.
Measured with
Two-Way Social
Support Scale.
Three sources
of social support
were identified:
coresiding family,
non-coresiding
family and
relatives, neigh-
bors and friends.
Coresiding family

Unstandardized
Beta (95%
CI): 0.28
(-2.05,
2.61)

1.08
(0.38,
3.08)
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Outcome Social relation-
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Author Country Study
du-
ra-
tion
(yrs)

N in
the
anal-
ysis

In- and exclusion
criteria

Age
mean
(SD),
range
(yrs)

Women
(%)

Original
from paper

OR
(95%
CI)
in
meta-
analysis

Noguchi
et al
(2019)

Non-
coresiding
family
Unstan-
dardized
Beta (95%
CI): 0.51
(-0.33,
1.35)

1.35
(0.82,
2.21)

Noguchi
et al
(2019)

Neighbors
and friends
Unstan-
dardized
Beta (95%
CI): 1.23
(0.36, 2.09)

2.07
(1.22,
3.52)
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Author Country Study
du-
ra-
tion
(yrs)

N in
the
anal-
ysis

In- and exclusion
criteria

Age
mean
(SD),
range
(yrs)

Women
(%)

Original
from paper

OR
(95%
CI)
in
meta-
analysis

Pillemer
et al
(2019)

USA 5 30 Inclusion: Resid-
ing in Westch-
ester County,
New York, USA;
65+ years old;
English-speaking
Exclusion: Se-
vere auditory
or visual distur-
bances interfering
with testing; mo-
bility limitations;
medical/neuro-
logical history
interfering with
performance;
diagnosis of
dementia

76.5
(6.6),
65-
95

57.2 Age, educa-
tion, gender,
ethnicity, depres-
sive symptoms
(GDS), disease
comorbidity

Cognitive de-
cline. Contin-
uous, assessed
with the RBANS
battery

Functional: So-
cial support.
Continuous,
assessed with
MOS-SSS scale
of 19 items
measuring social
support

HR (95%
CI, p-
value) 2.06
(1.16, 3.65,
p = 0.013)

0.49
(0.27,
0.86)
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Author Country Study
du-
ra-
tion
(yrs)

N in
the
anal-
ysis

In- and exclusion
criteria

Age
mean
(SD),
range
(yrs)

Women
(%)

Original
from paper

OR
(95%
CI)
in
meta-
analysis

Rawtaer
et al
(2017)

Singapore8 1601 Inclusion: Singa-
porean residents
in the south-east
region of Singa-
pore; aged 55+.
Exclusion: MCI
or dementia at
baseline; death or
loss to follow-up

64.9
(6.8),
55+

64.5 Age, sex, ethnic-
ity, education,
smoking, alcohol
consumption, de-
pression, APOE4
status, physical
activity, social
activities tertile
score (SAS),
productive ac-
tivities tertile
score (PAS),
leisure-time ac-
tivity score, living
alone, marital sta-
tus, satisfaction
with life

Cognitive de-
cline. Di-
chotomized,
measured with
MMSE. Cogni-
tive decline if
MMSE<50%
percentile value
estimated for the
individual given
age, education,
prior MMSE
score and interval
years between
measurements

Functional:
Loneliness.
Dichotomous,
measured with
3-category scale
([1] not at all
lonely; [2] faily
lonely; [3] very
lonely) and re-
shaped in yes
vs no in feeling
lonely

OR (95%
CI): 1.06
(0.76,
1.4), p-
value=0.74

1.06
(0.76,
1.46)

Tomioka
et al
(2018)

Japan 3 6093 Inclusion: 65+

years old; living
in the Nara Pre-
fecture, residing
in community-
dwelling, not
certified as “de-
pendent in daily
living activities”

72.8,
65-
96

54.6 Age, family
structure, BMI,
pensions, number
of medications
used, medi-
cal condition,
drinking, smok-
ing, depression,
IADL, ADL

Cognitive de-
cline. Di-
chotomized,
cognitive func-
tion assessed
using the Cogni-
tive Performance
Scale

Functional:
Social sup-
port. Measured
through partic-
ipation in five
types of group
involvement:
neighborhood as-
sociations, hobby
groups, local
event groups,
senior citizens
clubs, volunteer
groups

Neighbourhood
Men OR
(95%
CI): 0.81
(0.66,0.99)
Women
OR (95%
CI): 0.93
(0.74,1.17)

Men:
1.23
(1.01,
1.51)
Women:
1.08
(0.86,
1.35)
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Author Country Study
du-
ra-
tion
(yrs)

N in
the
anal-
ysis

In- and exclusion
criteria

Age
mean
(SD),
range
(yrs)

Women
(%)

Original
from paper

OR
(95%
CI)
in
meta-
analysis

Tomioka
et al
(2018)

Hobby
groups Men
OR (95%
CI): 0.96
(0.74, 1.25)
Women OR
(95% CI):
0.70 (0.54,
0.91)

Men:
1.04
(0.80,
1.35)
Women:
1.43
(1.10,
1.85)

Tomioka
et al
(2018)

Senior
citizens
clubs Men
OR (95%
CI): 1.16
(0.91, 1.49)
Women OR
(95% CI):
0.97 (0.78,
1.22)

Men:
1.27
(1.01,
1.59)
Women:
1.14
(0.89,
1.45)

Tomioka
et al
(2018)

Volunteer
groups Men
OR (95%
CI): 0.95
(0.71, 1.27)
Women OR
(95% CI):
0.66 (0.45,
0.96)

Men:
0.86
(0.67,
1.10)
Women:
1.03
(0.82,
1.29)
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Author Country Study
du-
ra-
tion
(yrs)

N in
the
anal-
ysis

In- and exclusion
criteria

Age
mean
(SD),
range
(yrs)

Women
(%)

Original
from paper

OR
(95%
CI)
in
meta-
analysis

Tomioka
et al
(2018)

Local event
groups Men
OR (95%
CI): 0.79
(0.63, 0.99)
Women OR
(95% CI):
0.88 (0.69,
1.12)

Men:
1.05
(0.79,
1.41)
Women:
1.52
(1.04,
2.21)

Wang
et al
(2019)

UK 20 657 Inclusion: Wave
3-7 of the CC75C
Study. Exclu-
sion: Participa-
tion to concurrent
study

86
(4)

71 Age, sex, educa-
tion

Cognitive func-
tion. Categorical,
assessed with
MMSE (range
0-30). Four cat-
egories MMSE:
normal cognition
(26-30), mild
cognitive impair-
ment (22-25),
moderate impair-
ment (18-21),
sever impairment
(0-17)

Functional:
Loneliness. Cate-
gorical, assessed
with item “Do
you feel lonely?”.

Unstandardized
Beta (95%
CI): -0.6
(-1.5, 0.4)

n.a.

Continues in the following page

32



Continuing from the previous page
Study characteristics Population characteristics Adjustment for

covariates
Outcome Social relation-

ship assessment
Results

Author Country Study
du-
ra-
tion
(yrs)

N in
the
anal-
ysis

In- and exclusion
criteria

Age
mean
(SD),
range
(yrs)

Women
(%)

Original
from paper

OR
(95%
CI)
in
meta-
analysis

Zhong
et al
(2017)

China 9 2456 Inclusion: Aged
65-105; being
sampled in the
Chinese Longi-
tudinal Health
Longevity Sur-
vey. Exclusion:
Death during
follow-up; miss-
ing data

83.8
(7.7),
65-
105

52.6 Age, gender,
education (0 = no
schooling; 1 =

some schooling
(equal or more
than 1 year)),
phisical exercise,
smoking, partic-
ipation in social
activities, marital
status, living
arrangement

Cognitive func-
tion. Continuous,
assessed with
Chines MMSE
(reduced form
obtained deleting
2 items of lan-
guage, 1 item of
time orientation,
4 items of orien-
tation to place).
Higher scores for
better cognition

Functional:
Loneliness. Con-
tinuous, assessed
with single-item
self-reported
measure based
on the modified
de Jong-Gierveld
scale. Range:
1-5. Higher
scores for more
loneliness

Unstandardized
Beta:
-0.153, p-
value<.001

0.91
(n.a.)

Zhou
et al
(2019)

China 4 6898 Inclusion: Par-
ticipated in the
Chinese Longi-
tudinal Healthy
Longevity Study
between 2008-
2011. Exclusion:
Age <65 at base-
line; cognitive
impairment at
baseline

Range:
65-
95

50.8 Age, education
level, employ-
ment status, BMI,
ADL disability,
cardiovascular
disease, diabetes,
physical activ-
ity, drinking,
smoking, marital
status, living
alone, social
support

Cognitive im-
pairment. Di-
chotomized,
measured using
the Chinese re-
vised version of
MMSE (0-30).
Cutoff point of
¡18

Functional:
Loneliness.
Dichotomous,
measured with
5-category scale
for question “Do
you feel lonely?”
([1] never; [2]
rarely; [3] some-
times; [4] often;
[4] always)
and reshaped
in “lonely”
([3]+[4]+[5])
vs “not lonely”
([1]+[2])

OR (95%
CI): 1.30
(1.01, 1.69)

1.30
(1.01,
1.69)

Concluding from the previous page
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Table 3: Combination of aspects of social relationship.

Study characteristics Population characteristics Adjustment for
covariates

Outcome Social relation-
ship assessment

Results

Author Country Study
du-
ra-
tion
(yrs)

N in
the
anal-
ysis

In- and exclusion
criteria

Age
mean
(SD),
range
(yrs)

Women
(%)

Original
from paper

OR
(95%
CI)
in
meta-
analysis

Armstrong
et al
(2015)

USA 6 2759 Inclusion: Par-
ticipated in
the Honolulu-
Asia Ageing
Study (HAAS);
being Japanese-
American men;
born 1900-1919;
lived in Oahu at
baseline. Exclu-
sion: Dementia at
baseline

77.9
(4.7),
71-
93

0 Age, education
(years), baseline
cognitive state

Cognitive func-
tion. Categorical,
assessed with
the CASI scale
(100-point scale).
Individual scores
reversed, lower
scores indicate
higher cognition
levels. Finally,
scores have been
grouped by inter-
vals of three (i.e.
0-2, 3-5, etc.)

Composite: So-
cial vulnerability.
Continuous, com-
posite index of 18
social variables
from baseline
wave. Score
ranges 0 to 1

Standardized
Beta (95%
CI): 0.14
(0.05,0.21)

Evans
et al
(2018)

Wales 2 2224 Inclusion: Living
in Gwynedd and
Ynys Mon or
Neath Port Talbot
in Wales; aged
65+. Exclusion:
Cognitive impair-
ment at baseline;
dementia at base-
line; depression
at baseline; living
in an institution;
missing data
on baseline or
follow-up

72.7
(6.2),
65-
100

50.6 Age, gender,
education (years),
sensory prob-
lems, require help
with daily tasks.
Cognitive func-
tion. Continuous,
assessed with
CAMCOG test
at baseline and
follow-up

Range (0-107) Combination:
Lubben Social
Network Scale.
Continuous,
range (0-30).
Higher scores
indicat lower
social isolation

Unstandardized
Beta (95%
CI), p-
value:
0.05(0.01,0.10),
p <0.03

1.09
(1.02,
1.18)

Continues in the following page
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Continuing from the previous page
Study characteristics Population characteristics Adjustment for

covariates
Outcome Social relation-

ship assessment
Results

Author Country Study
du-
ra-
tion
(yrs)

N in
the
anal-
ysis

In- and exclusion
criteria

Age
mean
(SD),
range
(yrs)

Women
(%)

Original
from paper

OR
(95%
CI)
in
meta-
analysis

Marioni
et al
(2015)

France 20 2854 Inclusion: Par-
ticipated in the
Paquid database;
65+ at baseline
(1988); residing
at home at base-
line. Exclusion:
Partial or absent
data

77
(6.8)

59 Age, gender,
education (low,
medium, high),
marital status

Cognitive de-
cline. Categorical
(non-decliners,
moderate declin-
ers, fast declin-
ers). Cognitive
ability assessed
using MMSE,
verbal fluency
(Isaac’s Set Test
truncated at 15),
abstract thinking
(Wechsler Sim-
ilarities Test),
episodic memory
and learning
(Wechsler Paired
Associate Test),
processing speed
(Digit Symbol
Substitution
Test), and im-
mediate visual
memory (Benton
Visual Retention-
Test)

Combination: So-
cial engagement.
Categorized upon
tertiles. Assessed
with twelve
questions in four
domains: social,
intellectual and
physical engage-
ment; network
size; satisfac-
tion with social
relationship;
self-perception
of feeling well
understood

HR (95%
CI): 0.79
(0.63,
0.99),
p <0.05

1.27
(1.01,
1.59)

Continues in the following page

35



Continuing from the previous page
Study characteristics Population characteristics Adjustment for

covariates
Outcome Social relation-

ship assessment
Results

Author Country Study
du-
ra-
tion
(yrs)

N in
the
anal-
ysis

In- and exclusion
criteria

Age
mean
(SD),
range
(yrs)

Women
(%)

Original
from paper

OR
(95%
CI)
in
meta-
analysis

Murayama
et al
(2013)

Japan 2 681 Inclusion:
Residing in
community-
dwelling in
Hatoyama; 65+

years old. Exclu-
sion: Long-term
care certifica-
tion (levels 1-5)
admitted to hos-
pitals or residing
in nursing homes;
not participating
to follow-up

71.8
(5.1)

42.1 Age, gender,
marital status,
SES (education,
long-term occu-
pation), lifestyle
factors (smoking,
body.mass in-
dex), comorbidity
(hypertension,
cardiovascular
diseases, hy-
perlipidemia,
cerebrovascular
diseases, diabetes
mellitus), func-
tional capacity

Cognitive de-
cline. Continuous
(range 0-30),
measured with
MMSE at base-
line and at
follow-up

Combination:
Bonding social
capital. Dichoto-
mous (agree
vs disagree).
Assessed as
perceived ho-
mogeneity of
personal net-
work by asking
participants if
they agree that
they have some
networks with
people of similar
social character-
istics to them on
daily basis

OR (95%
CI): 0.96
(0.5, 1.9)

0.96
(0.5,
1.9)

Continues in the following page
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Continuing from the previous page
Study characteristics Population characteristics Adjustment for

covariates
Outcome Social relation-

ship assessment
Results

Author Country Study
du-
ra-
tion
(yrs)

N in
the
anal-
ysis

In- and exclusion
criteria

Age
mean
(SD),
range
(yrs)

Women
(%)

Original
from paper

OR
(95%
CI)
in
meta-
analysis

Murayama
et al
(2013)

Combination:
Bridging
social
capital. Di-
chotomous
(agree vs
disagree).
Assessed as
perceived
hetero-
geneity of
personal
network
by asking
participants
if they
agree that
they have
some net-
works with
people of
dissimilar
social char-
acteristics
to them on
daily basis

OR
(95%
CI):
1.11
(0.5,2.2)

0.90
(0.43,
1.89)

Continues in the following page
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Continuing from the previous page
Study characteristics Population characteristics Adjustment for

covariates
Outcome Social relation-

ship assessment
Results

Author Country Study
du-
ra-
tion
(yrs)

N in
the
anal-
ysis

In- and exclusion
criteria

Age
mean
(SD),
range
(yrs)

Women
(%)

Original
from paper

OR
(95%
CI)
in
meta-
analysis

Zhou
et al
(2019)

China 4 6998 Inclusion: Par-
ticipated in the
Chinese Longi-
tudinal Healthy
Longevity Study
between 2008-
2011. Exclusion:
Age <65 at base-
line; cognitive
impairment at
baseline

80.9
(10.1)

51.2 Age, gender,
education (years),
BMI, ADL
disability, cardio-
vascular disease,
physical activity,
drinking, smok-
ing, working
status

Cognitive im-
pairment. Di-
chotomized,
measured using
the Chinese re-
vised version of
MMSE (0-30).
Cutoff point of
<18

Combination: So-
cial engagement.
Continuous,
measured with
five dichotomous
items (marital
status, living
arrangement,
avalaibility of
help, availability
of confident,
participation in
social activi-
ties). Higher
scores indicate
better social
engagement

OR (95%
CI): 0.89
(0.82, 0.97)

0.89
(0.82,
0.97)

Concluding from the previous page
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3. Funnel plots

Figure 1: Funnel plots of structural aspects of social relationships as predictor of cognitive decline.

Figure 2: Funnel plots of functional aspects of social relationships as predictor of cognitive decline.
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Figure 3: Funnel plots of combination of structural and functional aspects of social relationships as predictor of cognitive
decline.
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4. Subgroup analyses

Table 4: Stratified analyses of structural aspects of social relationships.
Strata Number of

studies
OR (95% CI) I2, p-value

for hetero-
geneity

p-value for
subgroup
differences

Publication year .69
Before 2006 10 1.08 (1.03-1.13) 31%, .16
2007–2011 11 1.11 (1.05-1.18) 75%, <.01
2012–2018 14 1.14 (1.07-1.22) 86%, <.01
After 2019 5 1.18 (1.04-1.34) 73%, .01
Being included in Kuiper et al
(2016)

.64

Yes 21 1.09 (1.05-1.12) 70%, <.01
No 19 1.16 (1.09-1.24) 87%, <.01
Study geographic area .13
Asia 15 1.16 (1.08-1.26) 60%, <.01
Europe 11 1.28 (1.10-1.48) 88%, <.01
America 14 1.06 (1.03-1.09) 85%, <.01
Study size (participants) <.01
≤687 9 1.43 (1.24-1.66) 0%, .98
>687 and ≤1635 10 1.13 (1.07-1.20) 80%, <.01
>1635 and ≤3413 8 1.16 (1.07-1.26) 45%, .08
>3413 13 1.07 (1.02-1.12) 90%, <.01
Study follow-up duration (years) .03
≤3 10 1.13 (1.06-1.21) 73%, <.01
>3 and ≤5 8 1.41 (1.13-1.75) 67%, <.01
>5 and ≤9 8 1.13 (1.06-1.21) 80%, <.01
>9 14 1.09 (1.03-1.15) 80%, <.01
Age of study participants (years) .94
≤65 10 1.21 (1.06-1.37) 88%, <.01
66–74 16 1.12 (1.07-1.17) 82%, <.01
≥75 14 1.12 (1.06-1.18) 78%, <.01
Outcome .19
Cognitive function 10 1.25 (1.11-1.40) 89%, <.01
Cognitive decline 30 1.09 (1.06-1.13) 77%, <.01
Type of outcome .53
Continuous 23 1.10 (1.06-1.13) 87%, <.01
Dichotomous 17 1.15 (1.06-1.24) 58%, <.01
Social relationship measurement <.01
Low social activity 28 1.17 (1.12-1.21) 82%, <.01
Small social network size 12 1.05 (1.00-1.10) 75%, <.01
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Table 5: Stratified analyses of functional aspects of social relationships.
Strata Number of

studies
OR (95% CI) I2, p-value

for hetero-
geneity

p-value for
subgroup
differences

Publication year .81
Before 2006 4 1.26 (0.98-1.64) 55%, .08
2007–2011 4 1.09 (0.90-1.31) 70%, .02
2012–2018 9 1.13 (1.02-1.26) 59%, .01
After 2019 7 1.10 (0.93-1.29) 87%, <.01
Being included in Kuiper et al
(2016)

.74

Yes 8 1.15 (1.00-1.32) 66%, <.01
No 16 1.12 (1.02-1.22) 78%, <.01
Study geographic area .40
Asia 8 1.20 (1.10-1.32) 0%, .45
Europe 6 1.19 (0.96-1.48) 88%, <.01
America 10 1.08 (0.99-1.17) 70%, <.01
Study size (participants) .54
≤687 5 1.18 (0.68-2.04) 81%, <.01
>687 and ≤1635 6 1.03 (0.99-1.06) 0%, .56
>1635 and ≤3413 5 1.13 (0.89-1.44) 84%, <.01
>3413 8 1.19 (1.07-1.33) 72%, <.01
Study follow-up duration (years) .96
≤3 8 1.13 (0.97-1.31) 78%, <.01
>3 and ≤5 5 1.05 (0.83-1.34) 83%, <.01
>5 and ≤9 3 1.14 (1.05-1.23) 0%, .55
>9 8 1.15 (1.00-1.31) 72%, <.01
Age of study participants (years) .21
≤65 6 1.04 (0.89-1.21) 80%, <.01
66–74 11 1.20 (1.09-1.33) 70%, <.01
≥75 7 1.09 (0.91-1.31) 70%, <.01
Outcome .57
Cognitive function 9 1.10 (0.97-1.25) 86%, <.01
Cognitive decline 15 1.13 (1.04-1.23) 54%, <.01
Type of outcome .16
Continuous 14 1.08 (0.99-1.17) 79%, <.01
Dichotomous 10 1.19 (1.07-1.34) 51%, .03
Social relationship measurement .45
Loneliness 10 1.18 (1.05-1.32) 86%, <.01
Low social/emotional support 12 1.10 (1.00-1.21) 51%, .02
other 2 0.97 (0.80-1.17) 0%, .65
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Table 6: Stratified analyses of combinations of functional and structural aspects of social relationships.
Strata Number of

studies
OR (95% CI) I2, p-value

for hetero-
geneity

p-value for
subgroup
differences

Publication year <.01
Before 2006 3 2.26 (1.15-4.47) 80%, .01
2007–2011 5 1.03 (1.00-1.07) 12%, .34
2012–2018 4 1.26 (1.00-1.58) 77%, <.01
After 2019 1 1.12 (1.03-1.22) –
Being included in Kuiper et al
(2016)

.38

Yes 8 1.12 (1.01-1.24) 79%, <.01
No 5 1.20 (1.06-1.36) 70%, .01
Study geographic area <.01
Asia 2 1.12 (1.03-1.21) 0%, .57
Europe 4 1.07 (1.01-1.14) 22%, .28
America 5 1.17 (1.02-1.35) 83%, <.01
Study size (participants) <.01
≤687 4 1.85 (1.01-3.38) 78%, <.01
>687 and ≤1635 2 0.98 (0.88-1.08) 0%, .55
>1635 and ≤3413 5 1.12 (1.03-1.22) 81%, <.01
>3413 2 1.13 (1.05-1.22) 0%, .48
Study follow-up duration (years) .03
≤3 4 1.67 (0.89-3.14) 87%, <.01
>3 and ≤5 3 1.06 (0.98-1.14) 50%, .14
>5 and ≤9 2 1.60 (1.32-1.95) 0%, .68
>9 4 1.07 (0.98-1.18) 56%, .08
Age of study participants (years) .27
≤65 1 0.98 (0.89-1.08) –
66–74 3 1.10 (1.03-1.18) 0%, .52
≥75 9 1.23 (1.09-1.38) 84%, <.01
Outcome .30
Cognitive function 2 1.32 (0.88-1.97) 92%, <.01
Cognitive decline 11 1.12 (1.03-1.22) 74%, <.01
Type of outcome .03
Continuous 4 1.05 (1.00-1.09) 12%, .39
Dichotomous 9 1.30 (1.13-1.51) 85%, <.01
Social relationship measurement .04
Social support 8 1.34 (1.14-1.58) 86%, <.01
Social network 5 1.05 (1.00-1.58) 31%, .22

5. Code for the analysis

This is the R code used to perform the published analysis.

library(tidyverse)

library(metafor)

#### STRUCTURAL ASPECTS ####

db_structural <- db %>% filter(type_social_rel=="structural")

db_structural_ma <- db_structural %>%

slice(-c(2,11,13,14,16,17)) %>%

filter (!is.na(OR) & !is.na(OR_INF) & !is.na(OR_SUP))

#selection of studies reporting multiple social relationships proxy variables
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db_structural_ma <- db_structural_ma %>% arrange(year_pub ,reference)

# Meta -analysis

ma_structural <- rma.uni(yi=log(OR),

sei=(log(OR_SUP)-log(OR_INF ))/3.92,

measure="OR",slab=reference ,data=db_structural_ma,method="DL")

# Forest -plot

forest(ma_structural ,

at=log(c(.25 ,.5,1,2,4)),xlim=c(-6.0,2.5),refline=0,

atransf=exp ,

header="Author (Year)",

ilab=cbind(db_structural_ma$country ,db_structural_ma$n,db_structural_ma$gender ,

db_structural_ma$social_relationship),

ilab.xpos=c(-4.5,-3.5,-3.0,-2.5),ilab.pos=4,cex=.7,

mlab="Pooled Random -effects OR estimate")

# Headings

text(-4.5,42,"Country",pos=4,font=2,cex=.7)

text(-3.5,43,"Study",pos=4,font=2,cex=.7)

text(-3.5,42,"size",pos=4,font=2,cex=.7)

text(-3,42,"Gender",pos=4,font=2,cex=.7)

text(-2.5,42,"Social relationship assessment",pos=4,font=2,cex=.7)

# Heterogeneity

text(-6.0,-2,bquote("Heterogeneity:"~I^2~"="~.( round(ma_structural$I2,0))~"%"~p~.

(ifelse(ma_structural$QEp <.01,"<.01" ,.(round(ma_structural$QEp ,2))))) ,pos=4,font=1,

cex=.7)

# Cumulative meta -analysis

ma_cumulative_structural <- cumul(ma_structural)

# Cumulative meta -analysis forest -plot

forest.cumul.rma(ma_cumulative_structural ,

at=log(c(.25 ,.5,1,2,4)),xlim=c(-5.5,2),refline=0,

atransf=exp ,

header="Author (Year)",

ilab=cbind(db_structural_ma$country ,db_structural_ma$n,db_structural_ma$gender ,

db_structural_ma$social_relationship),

ilab.xpos=c(-4,-3,-2.5,-2.0),ilab.pos=4,cex=.7)

# Headings

text(-4,42,"Country",pos=4,font=2,cex=.7)

text(-3,43,"Study",pos=4,font=2,cex=.7)

text(-3,42,"size",pos=4,font=2,cex=.7)

text(-2.5,42,"Gender",pos=4,font=2,cex=.7)

text(-2,42,"Social relationship assessment",pos=4,font=2,cex=.7)

# Funnel plot

funnel(ma_structural ,pch=c(rep(17,18),rep(16,21),17))
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#Egger test

regtest(ma_structural ,model="rma")

#### FUNCTIONAL ASPECTS ####

db_functional <- db %>% filter(type_social_rel=="functional")

#selection of studies reporting multiple social relationships

db_functional_ma <- db_functional %>%

slice(-c(12,13,14,15,16,17,18,19,22,23))

%>% filter (!is.na(OR) & !is.na(OR_INF) & !is.na(OR_SUP))

db_functional_ma <- db_functional_ma %>% arrange(year_pub ,reference)

# Meta -analysis

ma_functional <- rma.uni(yi=log(OR),

sei=(log(OR_SUP)-log(OR_INF ))/3.92,

measure="OR",slab=reference ,data=db_functional_ma,method="DL")

# Forest plot

forest(ma_functional ,

at=log(c(.25 ,.5,1,2,4)),xlim=c(-6.0,2.5),refline=0,

atransf=exp ,

header="Author (Year)",

ilab=cbind(db_functional_ma$country ,db_functional_ma$n,db_functional_ma$gender ,

db_functional_ma$social_relationship),

ilab.xpos=c(-4.5,-3.5,-3.0,-2.5),ilab.pos=4,cex=.7,

mlab="Pooled Random -effects OR estimate")

# Headings

text(-4.5,26,"Country",pos=4,font=2,cex=.7)

text(-3.5,27,"Study",pos=4,font=2,cex=.7)

text(-3.5,26,"size",pos=4,font=2,cex=.7)

text(-3,26,"Gender",pos=4,font=2,cex=.7)

text(-2.5,26,"Social relationship assessment",pos=4,font=2,cex=.7)

# Heterogeneity

text(-6.0,-2,bquote("Heterogeneity:"~I^2~"="~.( round(ma_functional$I2,0))~"%"~p~.

(ifelse(ma_functional$QEp <.01,"<.01" ,.(round(ma_functional$QEp ,2))))) ,pos=4,font=1,

cex=.7)

# Cumulative meta -analysis

ma_cumulative_functional <- cumul(ma_functional)

# Cumulative meta -analysis forest -plot

forest.cumul.rma(ma_cumulative_functional ,

at=log(c(.25 ,.5,1,2,4)),xlim=c(-5.5,2),refline=0,

atransf=exp ,

header="Author (Year)",

ilab=cbind(db_functional_ma$country ,db_functional_ma$n,db_functional_ma$gender ,

db_functional_ma$social_relationship),

ilab.xpos=c(-4,-3,-2.5,-2.0),ilab.pos=4,cex=.7)
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# Headings

text(-4,26,"Country",pos=4,font=2,cex=.7)

text(-3,27,"Study",pos=4,font=2,cex=.7)

text(-3,26,"size",pos=4,font=2,cex=.7)

text(-2.5,26,"Gender",pos=4,font=2,cex=.7)

text(-2,26,"Social relationship assessment",pos=4,font=2,cex=.7)

# Funnel plot

funnel(ma_functional ,pch=c(rep(17,16),rep(16,7),17))

#Egger test

regtest(ma_functional ,model="rma")

#### COMBINATION (FUNCTIONAL AND STRUCTURAL) ASPECTS ####

db_combination <- db %>% filter(type_social_rel=="combination")

#selection of studies reporting multiple social relationships proxy variables

db_combination_ma <- db_combination %>%

slice(-2) %>%

filter (!is.na(OR) & !is.na(OR_INF) & !is.na(OR_SUP))

db_combination_ma <- db_combination_ma %>% arrange(year_pub ,reference)

# Meta -analysis

ma_combination <- rma.uni(yi=log(OR),

sei=(log(OR_SUP)-log(OR_INF ))/3.92,

measure="OR",slab=reference ,data=db_combination_ma,method="DL")

# Forest plot

forest(ma_combination ,

at=log(c(.25 ,.5,1,2,4)),xlim=c(-6.0,2.5),refline=0,

atransf=exp ,

header="Author (Year)",

ilab=cbind(db_combination_ma$country ,db_combination_ma$n,db_combination_ma$gender ,

db_combination_ma$social_relationship),

ilab.xpos=c(-4.5,-3.5,-3.0,-2.5),ilab.pos=4,cex=.7,

mlab="Pooled Random -effects OR estimate")

# Headings

text(-4.5,15,"Country",pos=4,font=2,cex=.7)

text(-3.5,16,"Study",pos=4,font=2,cex=.7)

text(-3.5,15,"size",pos=4,font=2,cex=.7)

text(-3,15,"Gender",pos=4,font=2,cex=.7)

text(-2.5,15,"Social relationship assessment",pos=4,font=2,cex=.7)

# Heterogeneity

text(-6.0,-2,bquote("Heterogeneity:"~I^2~"="~.( round(ma_combination$I2,0))~"%"~p~.

(ifelse(ma_combination$QEp <.01,"<.01" ,.(round(ma_combination$QEp ,2))))) ,pos=4,font=1,

cex=.7)
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# Cumulative meta -analysis

ma_cumulative_combination <- cumul(ma_combination)

# Cumulative meta -analysis forest -plot

forest.cumul.rma(ma_cumulative_combination ,

at=log(c(.25 ,.5,1,2,4)),xlim=c(-5.5,2.5),refline=0,

atransf=exp ,

header="Author (Year)",

ilab=cbind(db_combination_ma$country ,db_combination_ma$n,

db_combination_ma$gender ,

db_combination_ma$social_relationship),

ilab.xpos=c(-4,-3,-2.5,-2.0),ilab.pos=4,cex=.7)

# Headings

text(-4,15,"Country",pos=4,font=2,cex=.7)

text(-3,16,"Study",pos=4,font=2,cex=.7)

text(-3,15,"size",pos=4,font=2,cex=.7)

text(-2.5,15,"Gender",pos=4,font=2,cex=.7)

text(-2,15,"Social relationship assessment",pos=4,font=2,cex=.7)

# Funnel plot

funnel(ma_combination ,pch=c(rep(17,5),rep(16,8)))

# Egger test

regtest(ma_combination ,model="rma")
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