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Abstract

Background: Although poor social relationships are assumed to contribute to cognitive
decline, meta-analytic approaches have not been applied. Individual study results are
mixed and difficult to interpret due to heterogeneity in measures of social relationships.
We conducted a systematic review and meta-analysis to investigate the relation between
poor social relationships and cognitive decline.

Methods: MEDLINE, Embase and PsycINFO were searched for longitudinal cohort stud-
ies examining various aspects of social relationships and cognitive decline in the general
population. Odds ratios (ORs) with 95% confidence intervals (Cls) were pooled using ran-
dom effects meta-analysis. Sources of heterogeneity were explored and likelihood of
publication bias was assessed. We stratified analyses according to three aspects of social
relationships: structural, functional and a combination of these.

Results: We identified 43 articles. Poor social relationships predicted cognitive decline;
for structural (19 studies): pooled OR: 1.08 (95% CI: 1.05-1.11); functional (8 studies):
pooled OR: 1.15 (95% Cl: 1.00-1.32); and combined measures (7 studies): pooled OR: 1.12
(95% ClI: 1.01-1.24). Meta-regression and subgroup analyses showed that the heterogen-
eity could be explained by the type of social relationship measurement and methodo-
logical quality of included studies.

Conclusions: Despite heterogeneity in study design and measures, our meta-analyses
show that multiple aspects of social relationships are associated with cognitive decline.
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As evidence for publication bias was found, the association might be overestimated and
should therefore be interpreted with caution. Future studies are needed to better define
the mechanisms underlying these associations. Potential causality of this prognostic
association should be examined in future randomized controlled studies.
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Key Messages

of structural and functional.

ships and cognitive decline.

* We identified 43 articles investigating various aspects of social relationships; structural, functional and a combination

* This meta-analysis shows that poor social relationships are associated with cognitive decline.
¢ There was substantial clinical and methodological heterogeneity between studies.
Future studies are needed to better define the mechanisms underlying the associations between poor social relation-

Introduction

Late-life cognitive impairment and dementia are considered
a major public health concern because of high prevalence
rates and high economic and social burden."* Decline in cog-
nitive functioning is considered part of normal ageing.
However, there are substantial individual differences in the
rate and timing of cognitive decline.** Furthermore, some
cognitive functions (i.e. processing speed, executive function,
memory) decline from middle age onwards, whereas other
cognitive functions (i.e. verbal ability and general know-
ledge) are less age related.® Accelerated cognitive decline
and a deviation from population norms based on age and
education level may result in a classification of mild cognitive
impairment (MCI) or dementia.® MCI is conceptualized as a
prodromal state between a preclinical stage of dementia and
dementia.” A clinical diagnosis of MCI is based on a cogni-
tive concern expressed by the patient, an informant or a clin-
ician about a change in cognition, compared with the
person’s previous level. In addition, the individual’s perform-
ance of cognitive functioning is in at least one cognitive do-
main lower than would be expected from the person’s age
and educational level. In general, these cognitive changes are
sufficiently mild and independence of daily living is main-
tained. Furthermore, there should be no evidence of demen-
tia® that is characterized by more severe decline in cognitive
functioning which also interferes with independence in every-
day activities.”® Prevalence rates of accelerated cognitive de-
cline vary between 3% and 42%.° People with cognitive
impairment have higher risk to develop disabilities in instru-
mental activities of daily living'® and dementia.®"!
Currently, no effective treatments for cognitive impairments
or dementia are available.'>'? Interventions aimed to

prevent cognitive decline at the very early or preclinical
phases could be beneficial in slowing the process of cognitive
decline.””' In order to develop preventive treatments or
strategies, it is important to identify factors that might cause
cognitive impairment or accelerate cognitive decline.'"

Various (modifiable) risk factors for cognitive decline

have been identified, including cardiovascular disease,'’

17,18 19
>*® smoking, ~ and exces-

diabetes,'® physical inactivity,
sive alcohol use.?’ Another potentially important modifi-
able risk factor for cognitive decline is the absence of
(good) social relationships. We previously showed that
poor social relationships, and in particular less social inter-
action, are an important risk factor for the development of
dementia.*! Social relationships can generally be classified
by structural and functional aspects.”>~** Structural aspects
relate to the structure of the social network, such as the size
of the social network and the frequency of contact between
members of the social network. Functional aspects relate to
the function of the social network and the purpose of the
relationships, such as someone’s perception of the quality
of the support provided by their network, practical aid or
social support.”*** Social relationships play an important
role in the protection against depression,”® coronary heart
disease,”” functional decline*® and mortality.”* Previous re-
views on the relation between poor social relationships and
cognitive decline also point to an influence of various social
relationship aspects (i.e. socially integrated lifestyle, loneli-
ness, social engagement, social activities) on cognitive de-
cline, but conclusions are contradictory.!®**=? These
reviews examined only a limited number of social relation-
ship aspects, did not take into account the methodological
quality of the included studies or only included
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cross-sectional studies. Furthermore, none of the previous
systematic reviews performed a meta-analysis, nor distin-
guished between structural and functional aspects of social
relationships.

Therefore, we investigate the relation between poor so-
cial relationships and the development of cognitive decline
in the general population, by conducting a systematic re-
view and meta-analysis of longitudinal cohort studies in
which we consider both structural and functional aspects
of social relationships.

Methods

This systematic review was conducted according to the
methods of the Cochrane Collaboration®? and, in addition,
we followed PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines®* for
the reporting of this systematic review and meta-analysis.

Systematic search and study selection

A systematic database search in MEDLINE, Embase and
PsycINFO was conducted on 9 July 9 2012. Search strings
included suitable indexing terms (i.e. MeSH terms and key-
words) on: (i) social relationships (e.g. social network, social
engagement, loneliness); and (ii) cognitive decline (e.g. cogni-
tive impairment, cognitive decline, cognitive function) (see
Supplementary material A, available as Supplementary data
at IJE online). Two reviewers (J.S.K. and M.Z.) independ-
ently screened title and abstract of all citations identified
by the search. Subsequently, the full text of all potentially eli-
gible articles was screened for final selection by the same re-
viewers. Disagreements were resolved in consensus meetings.
In case of persistent disagreements, a third reviewer (N.S.)
made the final decision. Reference lists of all included articles
and relevant reviews on this topic were screened to locate art-
icles not identified in the database searches. Articles were
included if they: (i) were peer reviewed;(ii) reported an associ-
ation between social relationships measured at baseline and a
change in cognitive functioning between baseline and follow-
up in a quantitative way; and (iii) utilized a longitudinal pro-
spective cohort study design conducted in the general popula-
tion. Only articles published in English, Dutch, German or
French were included. Studies focusing only on dementia as
outcome were excluded from this review. The overall percent-
age agreement and Cohen’s kappa were calculated to evaluate
inter-rater agreement for inclusion of eligible articles.

Data extraction and methodological quality
assessment

The same two reviewers (J.S.K. and M.Z.) independently
extracted the data regarding study population, social

relationship assessment, statistical methods and results,
timing of follow-up measurements, and cognitive function-
ing. Where possible, estimates adjusted for potential con-
founders were used for the meta-analyses. In this respect,
age, depression, alcohol use, education, baseline cognition
and physical functioning [this included at least one of the
three following variables: (i) physical activity; (ii) func-
tional disability; or (iii) at least one of the following
chronic diseases: traumatic brain injury (TBI), cardiovascu-
lar disease or cerebrovascular accident (CVA)/stroke],
were considered potential confounders.

The methodological quality of included studies was as-
sessed by the two reviewers (J.S.K. and M.Z.) independently
using the Quality of Prognosis Studies in Systematic Reviews
(QUIPS) tool® (see Supplementary material B, available as
Supplementary data at IJE online). Disagreements were
resolved in consensus meetings. The overall percentage
agreement and Cohen’s kappa were calculated to evaluate in-
ter-rater agreement on the methodological quality of the
included studies.

Statistical analysis

For the meta-analysis, the analyses were stratified by cal-
culating a pooled estimate separately for: (i) structural as-
pects of social relationships (i.e. social network size, social
activity); (ii) functional aspects of social relationships (i.e.
social support, loneliness, satisfaction with household
members); and (iii) a combination of structural and func-
tional aspects of social relationships (i.e. composite scores
of structural and functional social relationships measures
combined). In case social relationship factors were pre-
sented as categorical variables 3¢ the categories were dicho-
tomized in such a way that the lowest category (poor social
relationships) was tested against the other categories com-
bined, and the odds ratio based on the new two-by-two
table was used. The odds ratio (OR) was used to calculate
pooled estimate, representing the risk of developing cogni-
tive impairment among people with poor social relation-
ships (e.g. small social network) compared with people
with better social relationships. In case other estimates
than ORs were presented in the article, we transformed
those estimates to ORs and the accompanying 95% confi-
dence intervals (Cls) where possible in order to include the
study results in the meta-analysis. Relative risks (RRs) and
hazard ratios (HRs) were interpreted as ORs.
Unstandardized and standardized regression coefficients
were converted to logORs and subsequently to ORs?*37~#!
(see Supplementary material C, available as Supplementary
data at IJE online). If P-values were reported as P < 0.035,
we assumed a P-value of 0.05 in order to calculate the
standard error and subsequently 95% CI. If P-values were
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reported as P > 0.05, we assumed a P-value of 0.53 (i.e.
the average of 0.05 and 1.00) in order to calculate a 95%
CL* In case information was missing in the article to cal-
culate OR and 95% CI (i.e. estimate, P-value, standard
error or standard deviation of the determinant or out-
come), the authors of the article were contacted and re-
quested additional information.

When multiple articles were based on the same study
(i.e. same participants), we selected the results of the article
based on the following criteria (in order of importance): (i)
reported an estimate useful for the meta-analysis; (ii) deter-
minant measured as a composite measure of social rela-
tionship factors, or most compatible with the other studies;
(iii) outcome measured as global cognitive functioning, or
most compatible with the other studies; (iv) longest follow-
up duration; and (v) largest sample size.

A random effects method was used to pool effect sizes.*
Heterogeneity was examined by means of the Q-test and the
I? index. If the P-value in the Q-test was below 0.05 or the
I? index was higher than 50%, the results of the studies in
the pooled analysis were considered to be heterogeneous.>?
All statistical analyses were performed with the program
Comprehensive Meta-Analysis (version 3).*

Meta-regression, subgroup analyses and
sensitivity analyses

Sources of heterogeneity were explored by conducting uni-
variable random effects meta-regression’>* for the fol-
lowing pre-specified characteristics: (i) type of social
relationship measurement (i.e. for structural aspects: social
activity and social network size; for functional aspects: so-
cial/emotional support, loneliness and satisfaction with
household members); (ii) outcome measurement, based on
(a) incident cognitive impairment versus a continuous
measure of cognitive decline; (b) global cognitive function-
ing versus specific domains of cognitive functioning; (c)
and results based on two measurements of cognitive func-
tioning (baseline and follow-up) versus more than two
measurements; (iii) timing of follow-up measurement (< 3
years, 4-7 years, > 8 years); (iv) risk for cognitive decline
at baseline, based on (a) health status at baseline (all com-
munity-dwelling versus cognitively healthy versus cogni-
tively and physically/mentally healthy); (b) age at baseline
(< 65,66-74, > 75); and (v) the individual methodological
quality items. If less than 10 studies were included in the
meta-analysis, sources of heterogeneity were not explored
by meta-regression but by conducting subgroup analyses
for the same pre-specified characteristics as mentioned
above.?*3* In case the incidence of cognitive decline was
larger than 10%, we interpreted RRs or HRs also as ORs.
This might result in an underestimation of the actual OR

(95% CI).* Therefore, sensitivity analyses were conducted
by excluding these studies from the meta-analyses.

Publication bias

In order to assess the likelihood of publication bias, we
constructed funnel plots for the relation between the vari-
ous social relationship aspects (i.e. structural, functional
and the combined aspects of social relationship factors)
and cognitive decline by plotting the natural logarithm of
the effect measure (log odds ratio) against the standard
error of this measure. We used Egger’s method to statistic-
ally test asymmetry of the funnel plots. Publication bias
was assumed likely in case P < 0.10.*

Results

Identification of studies

Reviewing 8527 titles and abstracts, and 133 full articles, re-
sulted in 36 articles that met inclusion criteria for this system-

47-82
(

atic review see Figure 1). Screening the references of all

included articles and other relevant reviews resulted in seven
additional eligible articles included in this review.’***®% In
total, 43 articles were included in this systematic review. The
inter-rater agreement for inclusion of eligible articles was
good (overall agreement: 90% (133/148); Cohen’s kappa
0.76). Details regarding study characteristics of the included
articles are summarized in Table 1. Briefly, the duration of
follow-up varied between 1 and 15 years. The sample size of

the cohorts ranged between 66 and 16638.

Methodological quality

The results of the methodological quality assessment of the
studies included in the systematic review are presented in
Supplementary material D (available as Supplementary data
at IJE online). Scores on individual methodological quality
items varied from poor (only 19% of the studies accounted
for alcohol use in the analyses) to excellent (100% of the
studies measured age). Most methodological limitations (i.e.
high risk of bias in over 50% of the studies) were found
for the following item: ‘adjustments for potential confound-
ers’ (i.e. alcohol use and depression). Insufficient informa-
tion (i.e. unclear risk of bias in over 50% of the studies) was
given for the following methodological quality items: study
attrition (i.e. differences between participants and drop-
outs), complete data of social relationship measures at base-
line, blinding of the outcome assessor for the determinant
measurement, and measurement of alcohol use, making it
impossible to determine the likelihood of bias. The inter-
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12296 articles identified through database searching
MEDLINE (n = 5096)

Embase (n =4319)

PsycINFO (n = 2881)

A 4

8527 unique articles (after duplicates removed) screened
on title and abstract

A 4

A

4

8394 articles excluded based on title and abstract

133 full-text articles assessed for eligibility

7 articles identified through reference checking

\ 4

A

4

97 full-text articles excluded, with reasons:

2 Duplicates

5 Type of publication

4 Type of study design

9 Type of study population

23 Type of exposure (i.e. social relationship
measurement

15 Type of outcome

31 Data presentation (i.e. relation social relationship
— cognitive decline)

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

43 articles included in systematic review:

31 Structural aspects of social relationships

12 Functional aspects of social relationships

8 Combination of structural and functional
aspects of social relationships

A4

13 articles excluded from meta-analyses, with reasons:

8 Results based on the same study (i.e. same participants)

5 Insufficient information is provided to calculate the
effect size

Figure 1 Flow of study selection.

A\ 4

30 articles included in meta-analyses:

19 Structural social relationship aspects (26 614 participants)

8 Functional social relationship aspects (5 368 participants)

7 Combination of structural and functional social relationship
aspects (14 027 participants)
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Comparison
Odds ratio Weight (%)
(95% cI1)
Barnes (2004) Low social activity » 1.06 (1.04 to 1,07) 21.6
Bassuk (1999) Low social activity o — 1.33(1.03t0 1.72) 1.3
Bosma (2010) Low social activity 1.09 (0.88 to 1.35) 1.9
Chi (2000) Small number of relatives felt close to 1.17(0.77 t0 1.77) 0.5
Ghisletta (2006) Low social activity 1.24 (0.52 to 2.95) 0.1
Holtzman (2004) small social network size e 1.67 (1.15 to 2.43) 0.6
Hughes (2008) Small social network size 1.39(0.87 to 2.23) 0.4
Iwasa (2012) Low social activity 1.45(0.89to 2.35) 0.4
James (2011b) Low social activity - 1.08 (1.05t0 1.11) 18.7
Lee (2009) Low social activity T 1.24(1.09 to 1.41) 4.3
Monastero (2007) Low social activity 1.60 (0.99 to 2.58) 0.4
Niti (2008) Low social activity 1.18(0.82to 1.69) 0.7
Shatenstein (2012) Low social activity " 1.02 (1.01 to 1.03) 21.8
Small (2012) Low social activity m—— 1.13(1.02 to 1.25) 6.6
Thomas (2011) Low social activity (men) 1.24(0.63t0 2.43) 0.2
Thomas (2011) Low social activity (women) T 1.63 (1.12to 2.37) 0.6
Wang (2006) Low social activity 1.04 (0.91to0 1.19) 3.9
Yen (2010) Low social activity 1.02 (0.74t0 1.41) 0.8
Zhang (2005) Low social activity == 1.05(1.00to 1.10) 14.3
Zunzunegui (2003) Low saocial activity (men) 1.47 (0.97 to 2.24) 0.5
Zunzunegui (2003) Low social activity (women) 1.37(0.89t0 2.12) 0.5
= 1.08 (1.05to0 1.11)
0,5 1 2

Decreased risk

Increased risk

Heterogeneity: Q=66, df=20, p=0.00, 1*=70%

Figure 2. Forest plot of structural aspects of social relationships as predictor of cognitive decline.

rater agreement on the internal validity items was very good
(overall agreement 92% (712/774); Cohen’s kappa 0.85).

Association between social relationships and
cognitive decline

Structural aspects of social relationships

49-56,58,60-66,68,70-72,74,77,80-88 1 oo

In total, 31 articles
gated the association between structural aspects of social
relationships and cognitive decline in the general popula-
tion. On average, participants were 71.6 years old at base-
line (range: 47 to 107). The mean duration of follow-up of
these studies was 5.5 years (range: 1 to 15). The average
sample size of the cohorts was 1534 (range: 66 to 16638).
Most studies were performed in North America (17/31),
eight in Asia and six in Europe; 14 art-

icleSSO—52,56,58,60,61 ,64,65,70,77,80,82,84 based

their conclu-
sions on data from the same study populations (using the
same data), of which we included only one article from
each study in the meta-analysis.”>¢"¢>8%82 Unfortunately,
three articles®>°>®3 did not report sufficient data to calcu-
late the OR and 95% CI and could not therefore be
included in the meta-analysis. The results of 19 art-

49,50,54,61-63,65,66,68,71,72,74,80-82,85-88 1o in uded in

icles
the meta-analysis, showing that poor structural social rela-
tionships are associated with cognitive decline [OR: 1.08
(95% CI: 1.05-1.11)] (see Figure 2).

As results were heterogeneous (I> = 70%, P = 0.00 from
Q-test), sources of heterogeneity were explored. The meta-

regression showed that the following characteristics affected

the magnitude of the association (see Table 2): (i) type of so-
cial relationship measurement (social activity versus social
network size); (ii) the following methodological quality
items: 2a (study attrition); 3a (measurement of the deter-
minant); 4a (measurement of the outcome); and 6a (statis-
tical over-fitting). With regard to the type of social
relationship measurement, we found a stronger association
between a small social network and cognitive decline’*!-¢2
[OR: 1.42 (95% CI: 1.11-1.80)]; heterogeneity: I = 0%,
P = 0.46 from Q-test] than between low social activity and
cognitive decling*®50:6365,6668.71,7274,80-82,85-88 |OR. 1,08
(95% CI: 1.04-1.11)]; heterogeneity : 2 = 71%, P = 0.00
from Q-test] (P = 0.03 from meta-regression). With regard
to the individual methodological quality items, the (pooled)
estimate of studies with high risk or unclear risk of bias on

)54,61,62,66,68,86

the item 2a,(attrition bias , item 4a (measure-

)61

ment of the outcome)® and item 6a (statistical over-

)8%87 showed a stronger association between poor

fitting
structural social relationships and cognitive decline than the
pooled estimate of studies with low risk of bias on these
quality items (overestimation) (P = 0.00, P = 0.02, P =
0.02, respectively, from meta-regression). For only one
methodological quality item (3a; measurement of the deter-
minant), we found opposite results. The pooled estimate of
studies with high risk or unclear risk of bias regarding
the measurement of the determinant (item 3a)°>*°%71:80:81,85
[(OR: 1.02 (95% CI: 1.01-1.03); heterogeneity : I* = 0%,
P = 0.52 from Q test], was smaller than the pooled esti-
mate of studies with low risk of bias on this quality

item?9-30:61,62,65,66,68,72,74,82,86-88 [OR: 1.12 (95% CI:

220z 1snBny 91 uo Jasn sonsnp Jo Juawedaq SN Aq 202 1S62/691 |/v/SY/o1oIMe/all/W0d dnoolwapeoe)/:sd)y woly papeojumod
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Table 2. Univariate random effects meta-regression (methods of moments) and subgroup analyses for structural social relation-

ships aspects

Variable Number of OR (95% CI) P-value for P-value from
studies heterogeneity* meta-regression’
Social relationship measurement
Low social activity 18 1.08 (1.04-1.11) 0.00; > = 71%
Small social network size 3 1.42 (1.11-1.80) 0.46; 1> =0% 0.03
Outcome measurement
Incident cognitive impairment 7 1.13 (1.02-1.25) 0.14; 1> = 38%
Cognitive decline (continuous) 14 1.08 (1.04-1.12) 0.00; > = 76% 0.94
Global cognitive decline or a 18 1.08 (1.05-1.11) 0.00; > =71% Reference
combination of domains
Perceptual speed 1 1.24 (0.52-2.95) na 0.75
Semantic memory 1 1.13 (1.03-1.25) na 0.44
Two measurements 13 1.27 (1.13-1.43) 0.03; > =47% Reference
More than two measurements 8 1.06 (1.03-1.10) 0.00; I = 82% 0.08
Timing of follow-up measurement
Continuous 21 1.08 (1.05-1.11) 0.00; I = 70% 0.10
< 3 years 8 1.09 (1.02-1.16) 0.01; 1> = 60% Reference
4-7 years 9 1.07 (1.04-1.11) 0.16; 1> = 32% 0.71
> 8 years 4 1.22 (1.03-1.43) 0.13; > =47% 0.09
Health status at baseline
All community-dwelling 8 1.19 (1.06-1.35) 0.06; 1> = 49% Reference
Cognitively healthy 7 1.10 (1.03-1.18) 0.05; > = 52% 0.30
Cognitively and physically 6 1.08 (1.01-1.17) 0.07; > = 52% 0.60
and/or mentally healthy
Age
Continuous 21 1.08 (1.05-1.11) 0.00; I* = 70% 0.11
<65 3 1.16 (0.94-1.44) 0.07; 1> = 63% Reference
66-74 12 1.08 (1.04-1.12) 0.00; > = 76% 0.74
>75 6 1.07 (1.04-1.11) 0.36; 1> =8% 0.71
Methodological quality items
1a Low risk of bias 13 1.09 (1.04-1.14) 0.00; > = 77%
1a Unclear or high risk of bias 8 1.08 (1.05-1.10) 0.80; > =0% 0.90
1b Low risk of bias 9 1.19 (1.07-1.33) 0.04; 1> = 50%
1b Unclear or high risk of bias 12 1.09 (1.04-1.14) 0.00; > = 70% 0.50
2a Low risk of bias 15 1.07 (1.04-1.10) 0.00; > = 72%
2a Unclear or high risk of bias 6 1.27 (1.14-1.41) 0.76; > = 0% 0.00
2b Low risk of bias 2 1.12 (0.88-1.44) 0.20; 1> = 40%
2b Unclear or high risk of bias 19 1.11 (1.06-1.16) 0.00; > = 67% 0.50
3a Low risk of bias 15 1.12 (1.07-1.18) 0.01; 1> =56%
3a Unclear or high risk of bias 6 1.02 (1.01-1.03) 0.5 17=0% 0.04
3b Low risk of bias 5 1.06 (1.02-1.10) 0.19; 1> =35%
3b Unclear or high risk of bias 16 1.13(1.07-1.19) 0.00; > = 69% 0.30
4a Low risk of bias 20 1.08 (1.05-1.11) 0.00; I> = 66%
4a Unclear or high risk of bias 1 1.67 (1.15-2.43) na 0.02
4b Low risk of bias 1 1.08 (1.05-1.11) na
4b Unclear or high risk of bias 20 1.08 (1.05-1.12) 0.00; > = 67% 0.96
5al Low risk of bias 21 1.08 (1.05-1.11) 0.00; I* = 70%
5al Unclear or high risk of bias 0 na na na
5a2 Low risk of bias 15 1.08 (1.04-1.11) 0.00; > = 75%
5a2 Unclear or high risk of bias 6 1.11 (1.02-1.21) 0.16; 1> = 38% 0.70
5a3 Low risk of bias 8 1.14 (1.03-1.25) 0.01; 1> = 66%
5a3 Unclear or high risk of bias 13 1.08 (1.05-1.11) 0.09; 1> = 37% 0.83
Sa4 Low risk of bias 20 1.08 (1.05-1.11) 0.00; I = 70%

(continued)
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Table 2. Continued

Variable Number of OR (95% CI) P-value for P-value from
studies heterogeneity™ meta-regression
5a4 Unclear or high risk of bias 1 1.39(0.87-2.23) na 0.30
5b5 Low risk of bias 20 1.08 (1.05-1.11) 0.00; I* = 70%
5b35 Unclear or high risk of bias 1 1.13 (1.02-1.25) na 0.44
5b6 Low risk of bias 12 1.07 (1.03-1.10) 0.00; > = 77%
5bé6 Unclear or high risk of bias 9 1.14 (1.06-1.23) 0.13; 1> = 36% 0.18
5b7 Low risk of bias N 1.14 (1.00-1.30) 0.02; 1> = 65%
5b7 Unclear or high risk of bias 16 1.09 (1.06-1.12) 0.05; 1> = 39% 0.27
5b8 Low risk of bias 18 1.08 (1.04-1.11) 0.00; > = 72%
5b8 Unclear or high risk of bias 3 1.13 (1.04-1.23) 0.65; 1> =0% 0.34
Sc¢ Low risk of bias 21 1.08 (1.05-1.11) 0.00; > = 70%
Sc¢ Unclear or high risk of bias 0 na na na
6a Low risk of bias 18 1.08 (1.04-1.11) 0.00; I*= 70%
6a Unclear or high risk of bias 3 1.47 (1.14-1.90) 0.90; ’= 0% 0.02
na, not applicable.
*Based on Q value. TBoldface is P < 0.05.
Comparison
Odds ratio Weight (%)
(95%Cl)
Chi (2000) Low satisfaction with household members - 1.06 (0.69to 1.63) 7.5
Graves (1999) Low social support - 1.11(0.95t01.30) 19.6
Green (2008) Low emotional support —_— 1.02(0.87t0 1.20) 194
Hughes (2008) Low emotional support 0.83(0.52t0 1.33) 6.5
Lobo (2008) Being lonely - 1 2.05(1.31to0 3.20) 7.1
Seeman (2001) Low emotional support — 1.33(0.98t0 1.81) 114
Tilvis (2004) Being lonely - 3.00(1.36t0 6.61) 2.8
Wilson (2007) Being lonely o= 1.02 (0.98t0 1.07) 25.7
~— 1.15(1.00to 1.32)
0,5 1 2

Decreased risk

Increased risk

Heterogeneity: Q=21, df=7, p=0.00, 1*=66%

Figure 3. Forest plot of functional aspects of social relationships as predictor of cognitive decline.

1.07-1.18); heterogeneity: I* = 56%, P = 0.01 from Q-test]
(P = 0.04 from meta-regression).

Furthermore, one study®® reported an HR (95% CI)
which was interpreted as OR (95% CI) in our meta-analysis.
Since the incidence of cognitive impairment was larger than
10% (i.e. 10.9%), a sensitivity analysis was performed by
excluding this study. This did not change the magnitude of
the association [OR: 1.08 (95% CI: 1.05-1.12)].

Functional aspects of social relationships

50,54,57,58,62,67,70,75,76,78,79,84 investi-

In total, 12 articles
gated the association between functional aspects of social
relationships and cognitive decline in the general popula-
tion. On average, participants were 71.6 years old at base-
line (range: 55 to 95). The mean duration of follow-up of
these studies was 6.0 years (range: 1 to 12). The average

sample size of the cohorts was 675 (range: 148 to 1654).

Most studies were performed in North America (7/12),
four in Europe and one in Asia. Five articles’®’%7%76:84
based their conclusions on data from the same study popu-
lations (using the same data), of which we included only
one article from each study in the meta-analysis.”*"®
Unfortunately, one article’® did not report sufficient data
to calculate the OR and 95% CI and could not therefore
be included in the meta-analysis. The results of eight art-

icleSS4,57,58,62,67,70,76,79

were included in the meta-analysis,
showing that poor functional social relationships were
associated with cognitive decline [OR: 1.15 (95% CI:
1.00-1.32)]. However, results were heterogeneous (Q =21;
P=0.00;1* = 66%) (see Figure 3).

Overall, while exploring sources of heterogeneity by
subgroup analyses, we found that many of the pre-speci-
fied characteristics affected the presence and magnitude of

an association between poor functional social relationships
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Table 3. Subgroup analyses for functional social relationships aspects

Variable Number of studies OR (95% CI) P-value for heterogeneity*

Social relationship measurement

Low social/emotional support 4 1.08 (0.96-1.22) 0.3;P=15%
Being lonely 3 1.71(0.88-3.32) 0.00; 1> = 88%
Low satisfaction with 1 1.06 (0.69-1.63) na
household members
Outcome measurement
Incident cognitive impairment 2 1.45(0.80-2.64) 0.01; 1> =85%
Cognitive decline (continuous) 6 1.08 (0.94-1.25) 0.06; 1> =53%
Global cognitive decline or a 8 1.15 (1.00-1.32) 0.00; I = 66%
combination of domains
Two measurements 7 1.22 (1.00-1.49) 0.01;1>=65%
More than two measurements 1 1.02 (0.98-1.07) na
Timing of follow-up measurement
< 3 years 3 1.30 (0.91-1.86) 0.04; 17 = 70%
4-7 years 3 1.06 (0.88-1.27) 0.17; > =43%
> 8 years 2 1.30 (0.91-1.86) 0.01; 1> =85%
Health status at baseline
All community-dwelling 3 1.27(0.82-1.99) 0.03;1>=71%
Cognitively healthy 2 1.03 (0.98-1.07) 0.3; 2 =0.7%
Cognitively and physically 3 1.32(0.84-2.08) 0.02; 1> = 73%
and/or mentally healthy
Age
<65 1 1.02 (0.87-1.20) na
66-74 4 1.25(0.94-1.65) 0.03; > = 67%
>75 3 1.26 (0.82-1.93) 0.03; = 72%

Methodological quality items

1a Low risk of bias 1.28 (1.00-1.65) 0.01; 7 =72%
1a Unclear or high risk of bias 1.06 (0.88-1.27) 0.17; 1> = 43%
1b Low risk of bias 1.40 (1.02-1.91) 0.00; 1> = 74%
1b Unclear or high risk of bias 1.02 (0.98-1.07) 041;12=0%
2a Low risk of bias 1.30 (1.04-1.62) 0.00; 1> = 80%
2a Unclear or high risk of bias 1.01 (0.87-1.16) 0.70; > = 0%
2b Low risk of bias 1.11 (0.95-1.30) na

2b Unclear or high risk of bias 1.18 (0.98-1.41) 0.00; 1> = 70%
3a Low risk of bias 1.04 (0.98-1.10) 0.35;2=10%
3a Unclear or high risk of bias 1.76 (0.99-3.14) 0.03; 1> =72%
3b Low risk of bias 1.52(1.02-2.27) 0.00; 1> = 84%
3b Unclear or high risk of bias 1.05 (0.94-1.17) 0.67; 12 =0%
4a Low risk of bias 1.15 (1.00-1.32) 0.00; 1> = 66%
4a Unclear or high risk of bias na na

4b Low risk of bias

4b Unclear or high risk of bias
5al Low risk of bias

5al Unclear or high risk of bias

1.39 (0.71-2.75)
1.13 (0.95-1.33)
1.15 (1.00-1.32)

na

0.00; I> = 89%
0.08; 1> =49 %
0.00; I> = 66%

na

5a2 Low risk of bias 1.23(1.01-1.49) 0.00; I = 74%
5a2 Unclear or high risk of bias 1.05(0.84-1.31) 0.25; > =23%
5a3 Low risk of bias 1.40 (0.71-2.77) 0.00; I> = 88%
5a3 Unclear or high risk of bias 1.11 (0.96-1.29) 0.04; 1> = 56%
5a4 Low risk of bias 1.17 (1.01-1.36) 0.00; 1 = 70%
5a4 Unclear or high risk of bias 0.83 (0.52-1.33) na

5b5 Low risk of bias 1.15 (1.00-1.32) 0.00; 12 = 66%
5b5 Unclear or high risk of bias na na

5b6 Low risk of bias

W O 0= I AN 0NN O bR B WU PR WO Woun Wn

1.04 (0.95-1.13)

0.25; 1> =28%

(continued)
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Table 3. Continued

Variable Number of studies OR (95% CI) P-value for heterogeneity™
5b6 Unclear or high risk of bias N 1.32 (0.94-1.86) 0.01; 1> =72%
5b7 Low risk of bias 1 1.02 (0.87-1.20) na
5b7 Unclear or high risk of bias 7 1.20 (1.00-1.44) 0.00; 1> =71%
5b8 Low risk of bias 4 1.03 (0.98-1.07) 0.42; =0%
5b8 Unclear or high risk of bias 4 1.43 (0.91-2.23) 0.00; *=79%
Sc Low risk of bias 7 1.20 (1.00-1.44) 0.00; ’=71%
Sc¢ Unclear or high risk of bias 1 1.02 (0.87-1.20) na
6a Low risk of bias 7 1.18 (0.98-1.41) 0.00; 1 = 70%
6a Unclear or high risk of bias 1 1.11 (0.95-1.30) na
na, not applicable.

*Based on Q value.
Comparison .
g‘;‘: ;‘]"" Weight (%)
Andrew (2010) Social vulnerability ™ 1.03(1.00to 1.06) 25.9
Barnes (2007) Lubben social network scale (lowest tertile vs higher (ref)) — 1.20(1.01to 1.43) 15.4
Green (2008) Social network p—p— 0.98 (0.89to 1.08) 213
Haug (1989) Social resources 1.49(1.00to 2.23) 55
Ho (2001) men Social support (low (<9) vs high (>9] (ref)) 1 5.41(2.68 to 10.94) 2.1
Ho (2001) women Social support (low (<9) vs high (>9) (ref)) — 1.69(1.02 to 2.80) 3.8
Monastero (2007) Social network (poor/limited vs moderate/extensive (ref)) 0.80(0.41to 1.55) 23
Stoykova (2011) Social network ™ 1.04(0.97to 1.11) 239
— 1.12(1.01to 1.24)

0,5

Decreased risk

Increased risk

Heterogeneity: Q=33, df=7, p=0.00, >=79%

Figure 4. Forest plot of combination of structural and functional aspects of social relationships as predictor of cognitive decline.

and cognitive decline (see Table 3). Our subgroup analyses
showed that heterogeneity could partially be explained by
the following individual methodological quality items:
1b (study participation); 2a (study attrition); and 3b (meas-
urement of the determinant). Remarkably, the pooled esti-
mate of studies with low risk of bias on these quality items

b, 54.58,67,70,76 57,67,70,76,79
b

(i.e. item 1 item 2a and item

3b°77076.7%) showed a stronger association between poor
functional social relationships and cognitive decline than
the pooled estimate of studies with high risk or unclear risk
of bias on these quality items.

Furthermore, one study’® reported an RR (95% CI)
which was interpreted as OR (95% CI) in our meta-analysis.
However, the incidence of cognitive impairment was larger
than 10% (i.e. 34% to 44%). Excluding this study from the
meta-analysis (sensitivity analysis) showed that the associ-
ation became smaller [OR: 1.10 (95% CI: 0.98-1.24)].

A combination of structural and functional aspects of
social relationships

.  1.036,47,48,58,59,69,73,87
In total, eight articles”® ™" *%2%270%72

investigated the
association between a combination of structural and func-
tional aspects of social relationships and cognitive decline
in the general population. On average, participants were

73.6 years old at baseline (range: 47 to 99). The mean dur-
ation of follow-up of these studies was 7.4 years (range: 3
to 20). The average sample size of the cohorts was 1569
(range: 96 to 6502). Most studies were performed in North
America (5/8), two in Europe and one in Asia.
Unfortunately, one article® did not report sufficient data
to calculate the OR and 95% CI and could not therefore
be included in the meta-analysis. The results of seven art-

36:47.48,58,59.73.87 \were included in the meta-analyses,

icles
showing that poor structural and functional social relation-
ship aspects combined are associated with cognitive decline
[(OR: 1.12 (95% CI: 1.01-1.24)]. As the results were het-
erogeneous (Q=233; P = 0.00; I = 79%) (see Figure 4),
we conducted subgroup analyses to explore sources of this
heterogeneity.

By performing subgroup analyses to explore sources of
heterogeneity, we found that many of the pre-specified
characteristics affected the presence and magnitude of an
association between poor structural and functional social
relationship aspects combined and cognitive decline (see
Table 4). Furthermore, heterogeneity could (partially) be
explained by the following individual methodological
quality items: 1b (study participation); 3b (measurement of
the determinant); and 5bé and 5b8 (adjustment for
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Table 4. Subgroup analyses for combination of structural and functional social relationships aspects

Variable Number of studies OR (95% CI) P-value for heterogeneity*

Outcome measurement

Incident cognitive impairment N 1.37 (1.01-1.86) 0.00; 1> = 86%
Cognitive decline (continuous) 3 1.04 (0.94-1.15) 0.12; 1> =53%
Global cognitive decline or 6 1.04 (0.99-1.09) 0.17; 1> =35%
a combination of domains
Information/orientation 21 2.94(0.94-9.19) 0.00; 1> = 86%
Two measurements 6 1.23 (1.01-1.50) 0.00; 1> = 83%
More than two measurements 2 1.09 (0.96-1.25) 0.13; 1> = 56%
Timing of follow-up measurement
< 3years 2! 2.94(0.94-9.19) 0.00; 1> = 86%
4-7 years 2 1.03 (1.00-1.06) 0.45; 1> =0%
> 8 years 4 1.07 (0.97-1.19) 0.07;1*=57%
Health status at baseline
All community-dwelling 2 1.15 (0.77-1.72) 0.05; 1> = 74%
Cognitively healthy 5 1.38 (1.01-1.89) 0.00; 1 = 85%
Cognitively and physically 1 1.03 (1.00-1.06) na
and/or mentally healthy
Age
<65 1 0.98 (0.89-1.08) na
66-74 1 1.20 (1.01-1.43) na
>75 6 1.18 (1.01-1.37) 0.00; 1> = 83%
Methodological quality items
1a Low risk of bias 8 1.08 (1.00-1.16) 0.01; 1> = 62%
1a Unclear or high risk of bias 0 na na
1b Low risk of bias 2 0.98 (0.88-1.08) 0.55;1> = 0%
1b Unclear or high risk of bias 6 1.20 (1.05-1.37) 0.00; 1> = 84%
2a Low risk of bias 7 1.18 (1.03-1.34) 0.00; 1 = 81%
2a Unclear or high risk of bias 1 0.98 (0.98-1.08) na
2b Low risk of bias 21 2.94(0.94-9.19) 0.00; I> = 86%
2b Unclear or high risk of bias 6 1.04 (0.99-1.09) 0.17; 1> =35%
3a Low risk of bias 8 1.12 (1.01-1.24) 0.00; 1 = 79%
3a Unclear or high risk of bias 0 na na
3b Low risk of bias 3 1.08 (0.96-1.21) 0.23; 1> =32%
3b Unclear or high risk of bias N 1.27 (1.03-1.57) 0.00; I = 86%
4a Low risk of bias 8 1.12 (1.01-1.24) 0.00; 12 =79%
4a Unclear or high risk of bias 0 na na
4b Low risk of bias 0 na na
4b Unclear or high risk of bias 8 1.12 (1.01-1.24) 0.00; I = 79%
5a1 Low risk of bias 8 1.12 (1.01-1.24) 0.00; 12 = 79%
5al Unclear or high risk of bias 0 na na
5a2 Low risk of bias 6 1.20 (0.99-1.45) 0.00; 1 = 83%
5a2 Unclear or high risk of bias 2 1.17 (0.83-1.65) 0.07; 1> = 69%
5a3 Low risk of bias 4 1.52 (1.04-2.22) 0.00; 1 = 89%
5a3 Unclear or high risk of bias 4 1.04 (0.99-1.08) 0.28;1>=21%
5a4 Low risk of bias 6 1.20 (0.99-1.45) 0.00; I> = 83%
5a4 Unclear or high risk of bias 2 1.17 (0.83-1.65) 0.07; 1> = 69%
5bS Low risk of bias 6 1.04 (0.99-1.01) 0.17; 1> = 35%
5b5 Unclear or high risk of bias 2! 2.94 (0.94-9.20) 0.01; 1> = 86%
5b6 Low risk of bias 3 1.02 (0.96-1.08) 0.49; 1> = 0%
5b6 Unclear or high risk of bias N 1.49 (1.11-2.00) 0.00; 1> = 87%
5b7 Low risk of bias 1 0.98 (0.89-1.08) na
5b7 Unclear or high risk of bias 7 1.18 (1.03-1.34) 0.00; 1> = 81%
5b8 Low risk of bias 3 1.02 (0.96-1.08) 0.49; 12 =0 %

(continued)
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Table 4. Continued

Variable Number of studies OR (95% CI) P-value for heterogeneity™
5b8 Unclear or high risk of bias N 1.49 (1.11-2.00) 0.00; 1> = 87%
Sc Low risk of bias 7 1.18 (1.03-1.34) 0.00; 1> = 81%
Sc¢ Unclear or high risk of bias 1 0.98 (0.89-1.08) na
6a Low risk of bias 7 1.13 (1.01-1.26) 0.00; I* = 81%
6a Unclear or high risk of bias 1 0.80 (0.41-1.55) na

na: not applicable.
*based on Q-value.
'Both results from Ho et al. (2001).

depression and physical functioning in the analyses). The
pooled estimate of studies with high risk or unclear risk of
bias on the individual methodological quality items (i.e.
36:47,48,59,73, 31 36:47,58,59 L4 oo spe and

5b8°%7387) showed a stronger association between poor

item 1

social relationships and cognitive decline than the pooled
estimate of studies with low risk of bias on these quality

items.

Publication bias

It is likely that the results of this review are slightly overes-
timated due to publication bias [Egger’s test: structural as-
pects of social relationships (P = 0.00), functional aspects
of social relationships (P = 0.08) and combination
of structural and functional aspects of social relationships
(P =0.09] (see Figure 5).

Discussion

This systematic review and meta-analysis shows that poor
social relationships are associated with cognitive decline.
Nonetheless, substantial heterogeneity in results was
found. A priori planned subgroup analyses showed that the
distinction between structural, functional and a combin-
ation of structural and functional aspects of social relation-
ships explained some of this heterogeneity. All associations
between social relationships and cognitive decline were in
the same direction (i.e. poor social relationships are associ-
ated with a higher risk of cognitive decline). However, as
the operationalization of the social aspects varied (i.e. di-
mensional, categorical), no firm conclusions can be drawn
about the strength of the association and thus the relative
importance of the different social relationship aspects. The
remaining heterogeneity was due to differences in the
methodological quality of the included studies (i.e. study
participation, study attrition, measurement of the deter-
minant, measurement of the outcome, adjustment for po-
tential confounders and statistical over-fitting).

Strengths and limitations

Our study has several strengths. First of all, a comprehen-
sive systematic literature search was conducted on a broad
range of social relationship factors, which enabled us to
differentiate between structural and functional aspects of
social relationships. Previous systematic reviews have
investigated the relation between multiple lifestyle and leis-
ure activities with cognitive decline.!”*%*! However, a
clear answer on whether and which aspects of social rela-
tionships are associated with cognitive decline was still
missing. The results of this meta-analysis can contribute to
give direction to further research on lifestyle factors and
cognitive decline, taking into account the social relation-
ship factors. A second strength is that by transforming all
estimates to ORs, we were able to compare the results in a
quantitative way and conduct meta-analyses, which has
not been done in previous reviews.

This systematic review and meta-analysis also faced
some methodological challenges. First, we found clinical,
methodological and statistical heterogeneity between stud-
ies. Sources of heterogeneity were explored by conducting
meta-regression and subgroup analyses, but this only ex-
plained some of the heterogeneity between studies. Second,
the last search dates from July 2012 and since then new
articles have been published on this topic.®*~"* Within our
review, we did not find a relation between the year of pub-
lication and the effect size. Furthermore, the results of the
recently published articles are comparable to the results of
the studies included our review, showing for example asso-
ciations for social isolation,”” loneliness,®”** low social
participation’ and negative social interaction’® with cog-
nitive decline. Therefore, it seems unlikely that adding re-
cently published articles to our study alters our conclusion.
Third, we detected possible publication bias for all three
aspects of social relationships. Therefore, the pooled risk
estimates may be overestimated and should be interpreted
with caution. However, in the case of the functional as-
pects and the combination of structural and functional as-
pects of social relationships, Egger’s test may be
underpowered to investigate publication bias, because less
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Figure 5. Funnel plots for (a) structural, (b) functional, and (c) combination of structural and functional aspects of social relationships.
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than 10 studies were included in the funnel plots.*?
Observational studies are subject to publication bias, be-
cause studies of outcomes with positive results and a strong
association are more likely to be published.”® Prospective
registration of observational studies could make the scien-
tific community as a whole (e.g. researchers, editors, peer
reviewers and publishers) methodologically more aware
about the consequences of selective publication.” It is sug-
gested that journals strongly encourage prospective regis-
tration of diagnostic and prospective studies and that
editors and reviewers check the protocol on a registry
when reviewing the manuscript.”* In addition, this will
also improve the methods of the study design and quality
of reporting.”® Finally, selective reporting may have biased
our results. Some studies included in our systematic review
were not primarily aimed to investigate the association be-
tween social relationships and cognitive decline, but these
studies used an exploratory approach to investigate mul-
tiple risk factors for cognitive decline. As a consequence of
such an approach, the determinant social relationships fell
out of the final model if no association was found with
cognitive decline. In these studies, the association between
social relationships and cognitive decline was not reported
at all, or no risk estimate was reported. Furthermore, it is
likely that most existing cohort studies with cognitive de-
cline as outcome also collected information on social rela-
tionships. However, we do not know why potential
associations between social relationships and cognitive de-
cline have not been published (yet).

Potential mechanisms for influence of social
relationships on cognitive decline

Poor social relationships may influence cognitive decline
through multiple pathways, which could explain why mul-
tiple aspects of social relationships were found to be associ-
ated with cognitive decline. One theory explaining why
poor social relationships may be related to cognitive de-
cline is the ‘use it or lose it’ theory.” This theory suggests
that the brain can be seen as a muscle and that engagement
in intellectual, social and physical activities stimulates the
brain. Decrease in engagement in everyday activities may
result in disuse of the brain which in turn may relate to de-
cline of cognitive functions.” In addition, the stress-buffer-
ing hypothesis suggests that social relationships are
beneficial in stressful situations. Stress has been associated
with cognitive decline and the development of Alzheimer’s
disease due to structural changes in the hippocampus.®*”°
Social relationships may prevent or modulate responses to
stressful events that are damaging to health.”* The main-
effect hypothesis suggests that social relationships have a
protective effect on health through several pathways.

General normative guidance about health behaviours ob-
tained from the social network may influence health by
motivating positive health behaviour, such as physical ac-
tivity and non-smoking,?* Additionally, integration in a so-
cial network may directly produce a positive psychological
state, which may also increase motivation for positive
health behaviour. Social resources may yield multiple sour-
ces of information that can help to make effective use of
the available health institutions, which for example may
help increase regular exercise or may moderate alcohol in-
take.”® These positive health behaviours, such as physical
activity and non-smoking, are shown to have a beneficial

1718 and a positive psycho-

effect on cognitive functioning,
logical state may modulate the neuroendocrine response to
stress, which affects the brain.***** The main-effect hypoth-
esis appears to be related mainly to structural aspects of so-
cial relationships,”® Having a small social network may,
for example, limit the access to multiple healthy lifestyle
sources.”® On the other hand, the stress-buffering hypoth-
esis appears to be more related to functional aspects of so-
cial relationships.”® Subjective feelings of social support
and integration may be beneficial for cognitive functioning
particularly in stressful situations, through stress reduction
and lowering levels of stress hormones like cortisol which
have been shown to negatively affect cognitive

. 23,30,70
functioning.””"

Social relationships and other health-related
lifestyle factors

In the current systematic review and meta-analysis, the
variables age, depression, alcohol use and physical func-
tioning were considered as potential confounders related
to social relationships and cognitive decline. However, not
all studies adjusted for these confounders (e.g. Boyle et al.
2010,°* Cherry et al. 2010,>® Ho et al. 2001,%° James et al.
2011%* and Plehn ef al. 2004°°). Therefore, residual con-
founding (i.e. the effect of an unmeasured factor) likely
plays a role.””>”® Furthermore, measurement errors in con-
founders may also lead to residual confounding.”®"’
Finally, in observational studies residual confounding by
unknown characteristics can never be excluded.”
Subgroup analyses showed that the association between so-
cial relationships (combined) and cognitive decline was not
present or of smaller magnitude among studies that ad-
justed for potential confounders (i.e. depression, alcohol
use, physical functioning) compared with studies that did
not adjust for these potential confounders. This indicates
that results of studies that were not adjusted for depres-
sion, alcohol and physical functioning overestimated the
effect of poor social relationships (combination of struc-
tural and functional) on cognitive decline, and that part of
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the association is explained by depression, alcohol use and
physical functioning. The combined aspects of social rela-
tionships are the most comprehensive measurements of so-
cial relationships, including both structural and functional
aspects of social relationships. Particularly subjective feel-
ings regarding social relationships, such as feelings of lone-
liness, may be affected by the presence of depressive
symptoms.' % Furthermore, higher levels of physical func-
tioning may have a beneficial effect on the social network
and vice versa.'?" There is still discrepancy in the role of al-
cohol consumption in the relation between social relation-
ships and cognitive decline. The complexity of alcohol
consumption is that it changes over the life course; it ini-
tially increases in volume during adolescence and is fol-
lowed by a more stable period during mid life before it
declines in volume at older age.'®* Furthermore, the rela-
tion between social relationship factors (i.e. social occa-
sions, loneliness) and the reasons for changing alcohol
consumption (increase versus reduction) are contradictory
and are age- and gender-dependent.'®® Moreover, it is
known that very heavy drinkers are often under-repre-
sented in population-based studies'** and that being an al-
cohol abstainer might also be an indicator of poor
health.'’

In addition to the potential role of residual confound-
ing, social relationships are likely intertwined with other
health-related lifestyle factors (i.e. a socially, mentally and
physically active lifestyle) that may have a synergistic effect
on cognitive decline.’”'° Therefore, researchers should be
aware of the connectivity between various lifestyle factors
and should take this into account in future research. For in-
stance, the findings of the recent Finnish Geriatric
Intervention Study to Prevent Cognitive Impairment and
Disability (FINGER trail) support the effectiveness of a
multi-domain prevention approach.'®” In this study, a
2-year multi-domain intervention (i.e. diet, exercise, cogni-
tive training, social stimulation and vascular risk monitor-
ing) was effective on various lifestyle-related risk factors
(i.e. BMI, dietary habits, physical activity) and on preserva-
tion of cognitive function among older persons (aged
60-77 years) with an increased risk for dementia and cog-

nitive decline, compared with general health advice.'®”

Cognitive decline measurements

There were large differences between the included studies
in how they measured cognitive decline, which could ex-
plain the large (methodological) heterogeneity between
included studies. The Mini Mental State Examination
(MMSE) was used in many studies to measure cognitive
functioning. Subsequently, cognitive decline was calculated
and presented as a continuous measure (change score) or

as dichotomous measure, in which a cut-off point was
used. Although the MMSE is a widely used instrument to
measure cognitive functioning, it should be kept in mind
that it is a screening instrument to identify individuals with
cognitive impairments and it is characterized by its strong
ceiling effect.'”® The earliest stages of cognitive decline are
difficult to detect with this tool, particularly among indi-
viduals with higher education levels."”® Other studies
included in our systematic review used multiple cognitive
tests to compute a composite measure of multiple domains
of cognitive functioning, or a diagnosis of Mild Cognitive
Impairment (MCI) was made. These differences between
studies make it difficult to compare the study results.

Reverse causality

While studying the relation between social relationships
and cognitive decline, the possibility of reverse causality
should be taken into account. Social networks often
change and decrease in later life."%” Previous research
showed that a decline in physical and cognitive functioning
is associated with loss of relationships.'' Therefore, re-
verse causality (i.e. cognitive decline may not be the conse-
quence but rather the cause of poor social relationships)
cannot be excluded.*"**?”>19¢ In the current systematic re-
view, we attempted to partially address the risk of reverse
causality in two ways. First, reverse causality is more likely
when unhealthy participants are included in the study
population. Multiple studies reduced the risk of reverse
causality by excluding participants with cognitive impair-
ments or dementia at baseline. If reverse causality is pre-
sent, one would expect larger associations for studies
including less healthy participants. No substantial differ-
ences were found in results of studies including different
study populations (i.e. all community-dwelling versus cog-
nitively healthy, versus cognitively and physically and/or
mentally healthy at baseline), which reduces the risk of re-
verse causality. For the combination of structural and func-
tional aspects of social relationships, we even found a
stronger association between poor social relationships and
cognitive decline for studies that only included cognitively
healthy participants at baseline, compared with studies
that did not apply these inclusion criteria (i.e. all commu-
nity-dwelling). Second, a longer interval between the base-
line measurement of social factors and cognitive decline
would ensure one could be more confident about the tem-
porality and causality of the relation. For the functional
and combined aspects of social relationships, we found no
substantial differences in results between studies with lon-
ger versus shorter follow-up time. For the structural as-
pects of social relationships, we even found a stronger
association for studies with a longer follow-up period (> 8
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years), which also reduces the possibility of reverse causal-
ity. Nonetheless, despite these findings, it is very difficult
to exclude the possibility of reverse causality. Therefore,
reverse causality may still play a role in the relation be-
tween social relationships and cognitive decline.””

Potential causality of the association between
social relationships and cognitive decline

Randomized controlled trials (RCTs) would be best suited to
investigate a causal relation between poor social relationships
and cognitive decline. Multiple RCTs among older adults
have shown that it is possible to reduce loneliness and in-
crease social support. Intervention programmes were also
shown to help increase development of new friendships.'"'
There are only a few RCTs that recently investigated inter-
ventions focusing on improving social relationships and aim-
ing to improve or maintain cognitive functioning.''* One
RCT assigned participants to multiple intervention groups,
including a social intervention on improving social interaction
between people. Results showed that participants in this inter-
vention group showed improvement on multiple, but not all,
domains of cognitive functioning.''® The functional aspects
of social relationships as reported in our systematic review
(i.e. social support, loneliness, low satisfaction with house-
hold members) relate to the quality of social relationships,*
albeit this relationship might differ between the different
functional aspects. Nonetheless, based on the results found in
our systematic review and emphasized by others, we would
recommend that interventions to improve social relationships
should not merely aim to increase the number or frequency of
social contacts, but also aim to improve the quality of the re-
lationships.®>''? Such studies, however, will be very complex.
First, the duration of the intervention and when these should
be offered during the lifespan is unknown.''* Second, effect-
iveness probably also depends on psychosocial characteristics
(e.g. personality profile), psychiatric disorders (e.g. depres-
sion) and social factors (e.g. financial restraints), which argues
for the need of complex interventions.

Conclusions and future research directions

This present systematic review provides evidence that mul-
tiple aspects (i.e. structural, functional and a combination)
of poor social relationships are associated with cognitive
decline. However, studies differ from each other on mul-
tiple aspects and more standardized measures for social re-
lationships and cognitive decline are needed in order to
compare results between studies. Future research should
take into account the interplay among multiple lifestyle
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factors,” in which social relationships have an important

contribution. Therefore, we recommend that more

attention is paid to the social relationship aspects in future
observational studies and lifestyle interventions.
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