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Abstract.

Background: Poor social health is likely associated with cognitive decline and risk of dementia; however, studies show
inconsistent results. Additionally, few studies separate social health components or control for mental health.

Objective: To investigate whether loneliness and social support are independently associated with cognitive decline and risk
of dementia, and whether depressive symptoms confound the association.

Methods: We included 4,514 participants from the population-based Rotterdam Study (RS; aged 71 £ 7SD years) followed
up to 14 years (median 10.8, interquartile range 7.4—11.6), and 2,112 participants from the Swedish National Study on Aging
and Care in Kungsholmen (SNAC-K; aged 72 & 10SD years) followed up to 10 years (mean 5.9 & 1.6SD). At baseline,
participants were free of major depression and scored on the Mini-Mental State Examination (MMSE) >26 for RS and >25
for SNAC-K. We investigated loneliness, perceived social support, and structural social support (specifically marital status
and number of children). In both cohorts, dementia was diagnosed and cognitive function was repeatedly assessed with
MMSE and a global cognitive factor (g-factor).

Results: Loneliness was prospectively associated with a decline in the MMSE in both cohorts. Consistently, persons who
were lonely had an increased risk of developing dementia (RS: HR 1.34, 95% CI 1.08-1.67; SNAC-K: HR 2.16, 95% CI
1.12-4.17). Adjustment for depressive symptoms and exclusion of the first 5 years of follow-up did not alter results. Neither
perceived or structural social support was associated with cognitive decline or dementia risk.

Conclusion: Loneliness, not social support, predicted cognitive decline and incident dementia independently of depressive
symptoms.
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INTRODUCTION

Dementia has a complex multifactorial etiology
with risk factors ranging from genetic variants to
lifestyle factors, and cardiovascular risk factors [ 1-3].
Recently, there has been increasing evidence that
social health plays a role in the development of
dementia [4-6]. Social health comprises the capac-
ity to fulfil one’s potential and obligations, the ability
to manage life with some degree of independence,
and to participate in social activities [7]. An active
and socially integrated lifestyle may protect against
dementia [8]. The link between social health and
dementia is underpinned by social network theory [9]
and this link may be causative if evaluated using the
contemporary causation conceptual framework [10].
The contemporary causation conceptual framework
assesses the totality of evidence against a set of crite-
ria to determine a causal link. As an example, Howick
et al. [10] discuss how positive social relationships
have been associated with longer life in animal stud-
ies, and a randomized controlled study in humans
demonstrated that improved perceived social support
can reduce depression. For the mechanistic criterion,
Howick et al. [10] discussed Berkman et al. [9]’s
social network theory, which draws upon the concepts
of the stress buffering and main effects. Poor social
health can overstimulate the body’s stress response
through increased levels of the stress hormone corti-
sol, raise blood pressure and decrease blood flow to
vital organs through higher tonic vascular resistance,
impair the immune system’s ability to fight infections
through lower production of white blood cells, and
reduce sleep quality leading to less restorative sleep
and daytime fatigue [11]. Positive social health, on the
other hand, can reduce stress and anxiety, thus avoid-
ing the negative effects on the biological pathways.
Additionally, friends and family can provide direct
support (emotional, instrumental, informational) and
influence behaviour positively, hence, the main effect
concept. Positive social health has been linked to a
number of behavioral, anthropometric, and biomed-
ical benefits, which are linked to decreased chronic
disease including dementia [12].

Four systematic reviews have reported that better
social health is associated with better cognitive well-
being or lower risk of dementia. In 2016, Kuiper et al.
[13]’s meta-analysis of 43 longitudinal cohort studies
concluded that “Poor social relationships predicted
cognitive decline”. In 2017, Kelly et al. [14] conclude
in a systematic review that the 39 included studies
(34 of which were observational) were consistent in

demonstrating an association between more social
activity, better social networks, and more social sup-
port with better cognitive function. In 2015, Kuiper et
al. [5]’s meta-analysis of 19 longitudinal cohort stud-
ies showed that low social participation, less frequent
social contact, and more loneliness were each associ-
ated with incident dementia. However, Kuiper et al.
[5] reported inconsistent findings for social network
size and no association between low satisfaction with
social network and the risk of dementia. In 2018, Pen-
ninkilampi et al. [15]’s meta-analysis of 31 cohort and
two case-control studies concluded that better social
networks and social support were associated with a
lower dementia risk. Notably, Kuiper et al. [5]’s and
Penninkilampi et al. [15]’s systematic reviews are in
conflict regarding loneliness’s influence on dementia
risk. Additionally, structural aspects of social support
play a role, as illustrated by a meta-analysis of 15
studies which concluded that marriage is protective
against dementia [16].

Yet, studies show inconsistent results [5, 17, 18],
and a few important issues have hardly been add-
ressed. At present, the issue of reverse causality can-
not be ruled out. Currently most studies of social
health have a short follow-up duration [5, 13-15].
This hampers investigating reverse causality effects,
which may be substantial as behavioral and cogni-
tive changes can occur long before the diagnosis of
dementia [19]. Penninkilampi et al. [15] attempted
to address the issue of reverse causation by limiting
a sub-analysis to long-term studies with a follow-
up time of >10 years and reported that good social
engagement was modestly protective of dementia
risk. However, the issue with this approach is that
long-term studies can yield relatively short median
or mean participant observation times. For exam-
ple, Saczynski et al. [20] followed participants for
32 years but only yielded a mean person observa-
tion time of 4.6 years. Of 91 studies identified across
four systematic reviews plus three additional stud-
ies published last year, a quarter (n=23) reported a
follow-up duration of 10 years or more, however, only
10% (n=9) had a mean person observation time of
>10 years.

More recently the conversation regarding social
health has turned to whether social support or lone-
liness is more important for health, policy, and inter-
vention purposes. Very few studies have assessed
social support and loneliness simultaneously [5, 13—
15]. Another limitation of current research assessing
social health and cognition or dementia is adequate
control for mental health, specifically depressive
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symptoms. Depression can be both an antecedent
and consequence of poor social health. Consequently,
loneliness and depressive symptoms may confound
each other’s effects on health outcomes [21].

The aim of this study was to investigate the longi-
tudinal associations of loneliness and social support
with cognitive decline and incident dementia in the
general population. Analyses were replicated across
two countries, the Netherlands and Sweden, for vali-
dation and quality purposes.

METHODS

Study setting and inclusion population

The Rotterdam Study (RS) is an ongoing prospec-
tive population-based cohort, sampling inhabitants
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aged >45 of the suburban Ommoord district in Rot-
terdam [22]. The cohort was initiated in 1990; overall
response rate was 72%. Examination rounds, includ-
ing visits to the study center, were repeated every
4-5 years. For this study, we included 6,018 par-
ticipants aged >55 years examined between 2002
and 2006. Of those, 5,917 participants had valid
data on social health determinants investigated in
this study (Table 1). We excluded participants with a
Mini-Mental state Examination (MMSE) score <25,
dementia or major depression at baseline, leaving
4,514 participants available for analysis.

The Swedish National study on Aging and Care in
Kungsholmen (SNAC-K) is an ongoing multidisci-
plinary study of aging and health [23]. Between 2001
and 2004, a random sample of inhabitants aged >60
years of the Kungsholmen area in central Stockholm

Inclusion of study populations from the Rotterdam Study and the Swedish National study on Aging and Care in Kungsholmen

Rotterdam Study

Potential baseline study population N = 6,018

Participants without any social
support data N = 101

Participants with social health
data N =5,917

Participants without any
cognition data N =511

Participants with social health and
cognition data N = 5,406

Participants with MMSE < 25,
dementia or major depression N = 619

Participants with baseline social health and
cognition data, MMSE 2 25, without dementia
or major depression N = 4,787
Of which 4,787 had information on loneliness, 4,782 on
perceived social support, 4,787 on marital status and
4,217 on number of children.

1,670 included participants died during follow-up

Participants without longitudinal
data N =273

Participants with longitudinal social health and
cognition data, MMSE 2 25, without dementia
and major depression N =4,514
Of which 4,509 had information on loneliness, 4,510 on
perceived social support, 4,514 on marital status and
4,137 on number of children.

Swedish National study on Aging and Care in
Kungsholmen (SNAC-K)
Potential baseline study population N = 3,363

Participants without any social
support data N = 509

Participants with social health
data N =2,854

Participants without any
cognition data N =10

Participants with social health and
cognition data N = 2,844

Participants with MMSE < 25,
dementia or major depression N = 187

Participants with baseline social health and
cognition data, MMSE > 25, without dementia
or major depression N = 2,657
Of which 2,623 had information on loneliness, 1,800 on
perceived social support, 2,184 on marital status, 2,564
on number of children.

Participants without longitudinal
data N =545

Participants with longitudinal social health and
cognition data, MMSE = 25, without dementia
and major depression N =2,112
Of which 2,087 had information on loneliness, 1,800 on
perceived social support, 2,110 on marital status, 2,030 on
number of children.

411 included participants died during follow-up




298 R. Freak-Poli et al. / Loneliness, Not Support, Predicts Dementia

were recruited. At baseline, 3,363 (response rate:
73%) persons were examined, of whom 2,854 had
valid data on social health. Individuals aged >78
years were re-examined every 3 years, younger age
groups were re-examined every 6 years. Data for
this study were obtained from the 3-, 6-, and 9-year
follow-up examinations. We excluded participants
with a MMSE score < 26, dementia, or major depres-
sion at baseline, leaving 2,112 participants available
for analysis (Table 1).

The MMSE cut offs are predetermined for each
cohort and both <25 and <26 cut offs are acceptable
among older participants [24, 25]. As the SNAC-
K study has a higher proportion of highly educated
participants, they opted for the <26 cut off [25].

For longitudinal analyses, we followed participants
until the first of: Onset of dementia, loss to follow-
up, study end (01-01-2016 for RS; 01-12-2010 for
SNAC-K), or death. Participants were followed for 14
years in RS and 10 years in SNAC-K, yielding person
observation times of median 10.8 (interquartile range
7.4—-11.6) and mean 5.9 & 1.6SD years respectively.

The excluded participants were more likely to
be less healthy (p<0.05 for a range of health
indicators), more lonely (excluded: RS: 27%, SNAC-
K: 39%; compared to included: 15% and 23%,
respectively, p<0.01), have less perceived social
support (excluded: 56%, 25%; included: 69%, 56%
SD, p<0.01), not married (excluded: 48%, 26%;
included: 69%, 56%, p <0.01), and have less children
(p <0.05) than the included participants (Supplemen-
tary Table 1).

Approvals and consent

The Rotterdam Study has been approved by the
institutional review board (Medical Ethics Commit-
tee) of the Erasmus Medical Center and by the review
board of The Netherlands Ministry of Health, Wel-
fare and Sports of the Netherlands (per the Population
Study Act Rotterdam Study) [22]. As such, The
Rotterdam Study has no “approval” number. The
approval has been renewed every 5 years, as well
as with the introduction of major new elements in
the study (e.g., MRI investigations) [22]. Written
informed consent was obtained from all participants
[22].

All phases of SNAC-K and the use of inpatient
registry data were approved by and the Regional Eth-
ical Review Board in Stockholm (Dnrs: KI 01-114,
04-929/3, 026-2007, 2009/595-32, 2010/447-31/2,
2013/828-31/3 and 2016/730-31/1) [23]. Participants

in the study completed a written informed consent
form as stipulated by the ethics board. For participants
with prevalent or incident cognitive impairment, con-
sent was obtained from next of kin. For further
information see: www.snac-k.se/about/ethics/.

Social health

Qualitative and structural aspects of social health
were assessed during a personal interview by trained
nurses. In RS, loneliness was assessed by one item
on the Dutch version [26] of the Centre for Epi-
demiological Studies Depression Scale (CES-D)
[27], with a Likert-score question: “Did you feel
lonely last week?”” [28]. Answers were dichotomized
“never” or “rarely” versus “sometimes”, “regularly”
or “usually”. In SNAC-K, feelings of loneliness were
assessed with a single question answered “yes” or
“no”. Perceived social support in RS was assessed
with a modified 5-item questionnaire from the Health
and Lifestyle Survey asking if the participant had peo-
ple including family and friends who “do things that
make me happy”, “I can count on”, “help if I need

ELINNTS

it”, “make me feel important in their lives”, “accept
me as I am” with response options “never”, “some-
times” and “always’”’, providing a score ranging from
0-10 dichotomized as optimal (10) or non-optimal
(0-9). Social support in SNAC-K was addressed by
five items: Satisfaction with social contacts, per-
ceived material support, psychological support, sense
of affinity with relatives and neighbors, and being
part of a group of friends. Raw scores on social sup-
port items were standardized and averaged to create
a social support index. In both studies, we assessed
marital status (married, widowed or divorced, and
single) and the number of children (no children, 1-
2 children, >3 children) as measures of structural
social support.

Cognition

The MMSE and general cognition (g-factor) are
both used extensively in clinical and research set-
tings, however, measure slightly different aspects of
cognition. MMSE is a measure of cognitive impair-
ment, while the g-factor is a measure of cognitive
function or cognitive intelligence. Hence, we will
assess both as outcomes. In both RS and SNAC-K,
participants underwent a neuropsychological test bat-
tery at each study visit. The five tests implemented in
RS were the delayed 15-Word Verbal Learning Task,
Stroop 3 test, Letter-Digit Substitution Task, Purdue
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Pegboard test, and Word-Fluency test [29]. In SNAC-
K, similar tasks assessing perceptual speed (pattern
comparison), episodic memory (free recall), seman-
tic memory (vocabulary), letter fluency (letter F),
and category fluency (animal fluency) [30]. To allow
for direct comparability across tests, we generated
z-scores for each cognitive test, except for MMSE
because it is naturally skewed. A measure of general
cognition (g-factor) was calculated per cohort as the
first unrotated component obtained through a prin-
cipal component analysis including abovementioned
tests [29, 31]. The g-factor explained 51% (RS) to
53% (SNAC-K) of the variance in the cognitive tests.
We calculated the g-factor after multiple imputation
of missing cognitive test data for participants with at
least two valid cognitive test measures in RS, and at
least three in SNAC-K.

Assessment of dementia

In RS, participants were screened for all-cause
dementia (hereafter: dementia) using the MMSE
and the Geriatric Mental Schedule - organic level
(GMS) at baseline and following visits [32]. Further
investigation including the Cambridge Examination
for Mental Disorders of the Elderly was performed
when participants had a MMSE-score <26 or GMS
score >0. In addition, all participants were contin-
uously monitored for dementia through linkage of
the study database with general practitioner medi-
cal records. A consensus panel, led by a consultant
neurologist, determined the diagnosis according to
the standard criteria for dementia (DSM-III-R). In
SNAC-K, dementia was diagnosed according to
the Diagnostic and Statistical Manual of Mental
Disorders-IV (DSM-IV), in which a three-step diag-
nostic procedure was followed [30]. Two physicians
independently made a preliminary diagnosis, and, in
case of disagreement, a third opinion was sought to
reach a concordant diagnosis.

Covariates

Potential confounders were selected based on pre-
vious publications [33-35]. In both studies, education
was categorized as primary, secondary/lower or inter-
mediate vocational, and higher vocational/university.
Smoking status was categorized as never, former, or
current smoker. Problematic alcohol use for men was
an intake of > 14 glasses of alcohol per week, for
women an intake of >7 glasses of alcohol per week.
Presence of hypertension was defined as a resting
blood pressure >160/100 mm Hg (as recommended

at the time), or the use of blood pressure-lowering
medication. Hypercholesterolemia was defined as a
total cholesterol >6.22 mmol/l or the use of lipid-
lowering medication. Diabetes was defined in RS as a
fasting serum glucose level >7.0 mmol/l or the use of
anti-diabetic medication, and in SNAC-K as a HbAlc
> 46 mmol/mol or the use of anti-diabetic medication.
Activities of Daily Living (ADL) were obtained by
a Dutch version of the Stanford Health Assessment
Questionnaire (ADL disability index). Body mass
index (BMI) was computed from measured height
and weight (kg/m?). Prevalent coronary heart disease
(CHD) was obtained from medical records.

In RS, depressive symptoms were assessed with
the CES-D. Participants with a CES-D score >16
were interviewed by a clinician with the Dutch ver-
sion of the Schedules for Clinical Assessment in
Neuropsychiatry to diagnose major depressive dis-
order according to DSM-IV criteria, as described
previously [36]. Analyses we adjusted for the CES-
D score, without the loneliness item. In SNAC-K,
depressive symptoms were assessed according to
the Comprehensive Psychopathological Rating Scale
(CPRS) [37, 38]. Major depression was diagnosed
according to DSM-IV criteria.

Statistical analysis

We calculated Spearman’s rank correlations
between loneliness and social support indicators.
As main analysis, we investigated associations of
loneliness and indicators of social support with 1)
cognitive decline, using baseline and repeated mea-
sures of cognitive functioning analyzed with linear
mixed models; 2) risk of dementia, analyzed with
Cox regression models using time from baseline to
censoring as the timescale. For cognitive decline, we
focused on the interaction of the determinant with
time (determinant*time), interpretable as the slope
or the decline of cognitive functioning over time.
The fixed effects were specified as: determinant, time
from baseline, determinant*time, time*age, and other
covariates as stated below. As random effects, we
included only a random intercept. All analyses were
adjusted for age, sex, and level of education (model
1), and additionally for smoking status, presence of
problematic alcohol use, hypertension, hypercholes-
terolemia, diabetes mellitus, a disability index of
impairments in activities of daily living, and body
mass index (model 2).

We performed several sensitivity analyses. First,
we adjusted for depressive symptoms in addition to
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excluding persons with depression. Considering poor
social health can lead to depression [39], which may
also impact the risk of cognitive decline or dementia,
we also examined mediation by depressive symp-
toms. Thereby we assessed any indirect pathway from
social health through depressive symptoms to cogni-
tive decline or dementia using the Baron & Kenny
[40] method. Of note, we could not assess tem-
porality as social health and depressive symptoms
were assessed at the same time point [41]. Second,
to reduce the influence of reverse causality in the
dementia analyses (i.e., preclinical dementia symp-
toms already affecting social support and loneliness
before the diagnosis is made), we analyzed associa-
tions excluding persons censored in the first five years
after baseline. Third, we explored independence of
loneliness and indicators of social support by mutu-
ally adjusting each factor for each other. Finally, we
included participants with major depressive disorder
to facilitate comparison to studies that did not exclude
these participants.

Statistical testing was performed two-sided at
p<0.05. We checked the proportional hazard
assumptions using partial residual scatterplots over
time and found no violations. In RS but not SNAC-K,
the MMSE-score was inversed and log-transformed
(In(30.0001-MMSE)). In both studies, MMSE was
standardized; g-factor was already expressed per
standard deviation difference from the mean. Missing
covariate data was imputed using 5 multiple imputa-
tions. Analyses were performed using SPSS version
24.0, and using the Ime and survival package in R
[42].

Data availability

Data cannot be shared for legal and ethical rea-
sons. Data cannot be shared publicly as data are part
of two large ongoing observational cohorts with
a rigorous process to access data. Data are avail-
able from Erasmus MC (contact via www.erasmus
mc.nl/en/research/core-facilities/ergo-the-rotterdam
-study) and Karolinska Institute (contact via www.
snac-k.se/for-researchers/application-form/) for res
earchers who meet the criteria.

RESULTS

Age at baseline was 71.3 £7.4SD years in RS
and 71.6 +9.9SD years in SNAC-K (Table 2). Com-
pared to RS participants, SNAC-K participants were
more likely male, single or widowed/divorced, and

had a higher education. RS participants were less
likely to report moderate to severe loneliness (15%
RS, 23% SNAC-K) but similarly report optimal
perceived social support (69% RS, 63% SNAC-K)
compared to SNAC-K participants. Loneliness was
moderately negatively correlated to marital status
(Supplementary Table 2; rspearman =-0.33 in RS;
—0.30in SNAC-K). Other correlations amongst social
health factors were small (|rspearman|<0.20).

Main analysis

Loneliness was associated with a decline in the
MMSE-score even if adjusted for lifestyle factors
(beta 0.01, 95% CI 0.00; 0.03, p=0.04 in RS, beta
-0.38, 95% CI -0.08; —0.68, p=0.01 in SNAC-
K; Table 3). Moreover, in SNAC-K, an association
between loneliness and a decline in g-factor was
observed (beta—0.05, 95% CI-0.09; -0.00, p =0.03).
In both studies, perceived social support, marital sta-
tus and number of children were not associated with
a subsequent change in MMSE. Likewise, we found
no associations of any indicator of social support
with g-factor, except for marital status in SNAC-K:
Widowed/divorced persons experienced an increased
decline in g-factor compared to married persons (beta
—-0.05, 95% CI -0.09; —-0.01, p=0.01; Table 3). For
RS, when MMSE-scores were not inversed prior to
log-transformation and standardization, the magni-
tude of associations remained comparable, however,
were no longer statistically significant (beta —0.01,
95% CI-0.03; 0.00, p =0.2; Supplementary Table 3).

Consistent with findings for an increased decline
in MMSE, participants who were lonely at baseline
had a higher risk of developing dementia (HR 1.34,
95% CI 1.08-1.60, p=0.01 in RS, HR 2.16, 95% CI
1.12-4.17, p=0.02 in SNAC-K; Table 4). No other
indicator of social support was associated with the
risk of dementia.

The above results were obtained from the fully
adjusted models. Estimates for cognitive decline and
for dementia adjusted only for age, sex and education
were highly similar to fully adjusted results (Supple-
mentary Table 4). When loneliness and indicators of
social support were mutually adjusted for each other,
findings remained unchanged (findings not reported).

Sensitivity analysis
When additionally adjusting for depressive symp-

toms, the relation of loneliness with decline in MMSE
remained (beta 0.01, 95% CI 0.00; 0.03 in RS; beta
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Table 2

Baseline characteristics of the study populations from the Rotterdam Study and the
Swedish National study on Aging and Care in Kungsholmen

Characteristic (unit) Rotterdam Study SNAC-K
N=4,514 N=2,112
Social determinants
Presence of loneliness 722 (15%) 485 (23%)
Missing 8 (0%) 25 (1%)
Optimal perceived social support 3,314 (69%) 1,320 (63%)
Missing 7 (0%) 312 (15%)
Marital status
Single 233 (5%) 336 (16%)
Widowed/divorced 1,228 (26%) 745 (35%)
Married 3,326 (69%) 1,029 (49%)
Missing - 2 (0%)
Number of children
No children 468 (10%) 530 (25%)
One or two children 2,227 (47%) 1,090 (52%)
Three or more children 1,442 (30%) 410 (19%)
Missing 650 (14%) 82 (4%)
Covariates
Age at baseline (years) 713+74 71.6+£9.9
Male 2,048 (43%) 1,340 (64%)
Education level
Lower education 1,763 (37%) 256 (12%)
Middle education 2,296 (48%) 1,046 (50%)
Higher education 728 (15%) 810 (38%)
Smoking status
Never smoked 1393 (29%) 985 (47%)
Past smoking 670 (14%) 850 (40%)
Current smoking 2724 (57%) 265 (13%)
Missing - 12 (1%)
Alcohol intake (glasses)
Men
> 14/week 732 (35.8) 89 (12%)
< 14/week 1,316 (64.2) 679 (88%)
Missing (%) - 4 (1%)
Female
> T7/week 829 (30%) 291 (22%)
<7/week 1,910 (70%) 1,045 (78%)
Missing - 4 (0%)
Hypertension 3,744 (78.2) 1,560 (74%)
Missing - 3(0%)
Hypercholesterolemia 2,236 (46.7) 1,106 (52%)
Missing - 47 2%)
Diabetes mellitus 695 (15%) 168 (8%)
Activities of daily living (disability index) 0.25 (0.13; 0.63) 0(0,0)
Prevalent coronary heart disease 274 (6%) 320 (15%)
Body mass index (kg/mz) 27 (25-30) 25 (23-28)
Depressive symptoms score (CES-D or CPRS) 3(1-8) 1(0-3)
Cognitive functioning at baseline
Mini-mental state examination (score) 28 (27-29) 29 (28-30)
g-factor (score) 0.43+0.89 0.124+0.69
Missing - 108

Values are expressed as frequency (%) for categorical variables and mean & SD or median (IQR) for continuous
variables. CES-D, Center for Epidemiological Studies — Depression Scale; N, sample size; SNAC-K, Swedish

National study on Aging and Care in Kungsholmen.

-0.37, 95% CI -0.67; —0.07 in SNAC-K). Similarly,
correcting for depressive symptoms did not attenu-
ate the association of loneliness with dementia risk
(HR 1.31, 95% CI 1.03-1.66 in RS; HR 2.09, 95%
CI 1.10-3.95 in SNAC-K).

Through mediation analysis, we observed no indi-
rect mediation pathways from social health through
depressive symptoms to cognitive decline or demen-
tiain RS or SNAC-K (Supplementary Table 5). Addi-
tionally, for example in RS, social health measures
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Table 3
Associations of loneliness and social support with cognitive decline
MMSE
Determinants Rotterdam Study™ SNAC-K
N; n? Beta (95% CI) P N; n? Beta (95% CI) P
Loneliness, yes 4,509; 9,194 0.01 (0.00; 0.03) 0.04 2,087; 8,208 —-0.38 (-0.08; -0.68) 0.01
Perceived social 4,510; 9,193 —-0.01 (-0.02; 0.00) 0.20 1,800; 7,132 -0.03 (-0.29; 0.24) 0.85
support, optimal
Marital status 4,514; 9,201 2,110; 8,300
Married 0 [Reference] - 0 [Reference] -
Single 0.02 (-0.00; 0.04) 0.10 0.13 (-0.22; 0.48) 0.45
Widowed or divorced 0.00 (-0.01; 0.01) 0.76 -0.22 (-0.52; 0.06) 0.12
No. children 2,404; 4,959 2,030; 7,984
0 children 0.01 (=0.02; 0.04) 0.57 0.19 (-0.12; 0.50) 0.87
1-2 children 0 [Reference] - 0 [Reference] -
>3 children 0.01 (-0.01; 0.02) 0.79 0.07 (-0.26; 0.41) 0.67
g-factor
Determinants Rotterdam Study SNAC-K
Loneliness, yes 4,313; 8,572 0.00 (-0.00; 0.01) 0.10 1,982; 7,284 -0.05 (-0.09; -0.00) 0.03
Perceived social 4,314, 8,571 —-0.01 (-0.01; 0.00) 0.30 1,905; 6,700 -0.01 (-0.03, 0.05) 0.67
support, optimal
Marital status 4,319; 8,581 2,002; 7,352
Married 0 [Reference] - 0 [Reference] -
Single 0.00 (-0.01; 0.01) 0.65 0.04 (-0.05; 0.05) 0.88
Widowed or divorced 0.00 (-0.01; 0.00) 0.78 —-0.05 (-0.09; -0.01) 0.01
No. children 3,827;7,579 1,926; 7,068
0 children 0.00 (-0.01; 0.00) 0.20 0.02 (-0.03; 0.06) 0.41
1-2 children 0 [Reference] - 0 [Reference] -
>3 children 0.00 (-0.01; 0.00) 0.17 0.01 (-0.04; 0.06) 0.60

Estimates for determinant*time interaction term are provided, obtained with linear mixed models. This term is interpretable as the decline of
cognition over time. We specified fixed effects as time from baseline, determinant, determinant*time, time*age, age, sex, education, smoking
status, problematic alcohol use, presence of hypertension, presence of hypercholesterolemia, diabetes, activities of daily living disability
index and body mass index. We specified only a random intercept. As outcomes were standardized, estimates indicate how categories of the
determinants change the outcome in standard deviations per year. *Please note that due to inversing the MMSE score, positive coefficients
indicate not better but worse MMSE scores c.q. cognitive decline for Rotterdam Study estimates.  Capital N is the number of unique
participants, lowercase ‘n’ denotes total repeated assessments up to a maximum of 3 per person. MMSE, Mini Mental State Examination;
CI, Confidence Interval; SNAC-K, Swedish National study on Aging and Care in Kungsholmen.

were associated with depressive symptoms (lone-
liness B/HR 7.2 per CES-D unit, p<0.001; social
support —2.2, p<0.001; widowed/divorced versus
married 2.02, p<0.001; >3 versus 1-2 children
—0.50, p=0.02), but depressive symptoms was not
associated with a decline in MMSE (3 0.00, p =0.27),
decline in g-factor (B 0.00, p=0.09), or incident
dementia (HR 1.01, p=0.13).

Excluding the first five years of follow-up time
only slightly reduced effect sizes for associations
of loneliness with dementia risk in RS (HR 1.37,
95% CI 1.06—-1.77) and SNAC-K (HR 2.10, 95% CI
0.96-4.57; Table 4). Results for SNAC-K no longer
reached statistical significance (Table 4).

Additionally adjusting the associations with lone-
liness for the other social support indicators did not
meaningfully change results for cognitive decline
(beta 0.01, 95% CI 0.00; 0.03 in RS; beta 0.15, 95%
CI -0.31; 0.60 in SNAC-K) or risk of dementia (HR

1.37, 95% CI 1.08-1.74 in RS; HR 3.49, 95% CI
1.31-9.28 in SNAC-K).

There was no meaningful change in associations of
loneliness with dementia when we included persons
with major depressive disorder at baseline, although
the statistical significance in SNAC-K was attenuated
(Table 5).

DISCUSSION

The results of this study based on data from two
longitudinal population-based studies show that lone-
liness, but not social support, was associated with
cognitive decline and an increased risk of demen-
tia. These associations remained when adjusted for
depressive symptoms and after excluding the first
five years of follow-up time. For social support, nei-
ther perceived nor structural aspects were associated
with cognitive decline or dementia. Notably, the two



Table 4
Associations of loneliness and social support with incident dementia, for full follow-up and after excluding the first 5 years of follow-up

Determinants Incident dementia

Rotterdam Study SNAC-K
Events/ Full P >S5y P Events/ Full P >5y P
person-years follow-up follow-up person-years follow-up follow-up
HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

Loneliness, yes 504/44,698 1.34 (1.08; 1.67) 0.01 1.37 (1.06; 1.77) 0.02 292/12,399 2.16 (1.12; 4.17) 0.02 2.10 (0.96; 4.57) 0.06
Perceived Social 503/44,709 0.90 (0.75; 1.09) 0.28 0.89 (0.71; 1.10) 0.28 208/10,868 1.22 (0.59; 2.52) 0.59 1.48 (0.61; 3.64) 0.39

Support, optimal
Marital status 504/44,753 296/12,527

Married 0 [Reference] 0 [Reference] 0 [Reference] 0 [Reference]

Single 0.69 (0.44; 1.07) 0.10 0.85 (0.51; 1.40) 0.52 0.57 (0.19; 1.78) 0.34 0.59 (0.16; 2.19) 0.43

Widow/divorce 0.96 (0.78; 1.19) 0.72 1.00 (0.78; 1.29) 0.96 1.03 (0.54; 1.99) 0.92 1.17 (0.55; 2.48) 0.68
No. children 504/39,529 289/12,048

0 children 0.82 (0.61; 1.11) 0.19 0.97 (0.69; 1.35) 0.84 0.41 (0.16; 1.02) 0.06 0.61 (0.21; 1.77) 0.37

1-2 children 0 [Reference] 0 [Reference] 1 [Reference] 1 [Reference]

>3 children 1.19 (0.99; 1.44) 0.07 1.22 (0.98; 1.53) 0.08 1.35 (0.68; 2.69) 0.39 2.00 (0.91; 4.38) 0.09

Hazard ratio estimates were obtained with Cox regression models, analyzing association both in the full follow-up as well as after excluding the first 5 years of follow-up. Estimates were adjusted
for age, sex, education, smoking status, problematic alcohol use, presence of hypertension, presence of hypercholesterolemia, diabetes, activities of daily living disability index and body mass

index (model 2). CI, confidence interval; HR, hazard ratio; SNAC-K, Swedish National study on Aging and Care in Kungsholmen.
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Associations of loneliness and social support with incident dementia, in full follow-up and after excluding the first 5 years of follow-up,
including participants with major depressive disorder

Determinants

Incident dementia

Rotterdam Study

Events/person-years Full follow-up P >S5y follow-up P
HR (95% CI) HR (95% CI)
Loneliness, yes 521/45,191 1.40 (1.13; 1.72) <0.001 1.36 (1.06; 1.75) 0.02
Perceived Social 520/45,182 0.88 (0.74; 1.06) 0.18 0.89 (0.72; 1.10) 0.28
Support, optimal
Marital status 521/45,235
Married 1 [Reference] - 1 [Reference] -
Single 0.71 (0.46; 0.09) 0.12 0.84 (0.51; 1.39) 0.49
Widow/divorce 0.98 (0.80; 1.21) 0.88 1.02 (0.80; 1.31) 0.86
No. children 521/39,977
0 children 0.86 (0.64; 1.15) 0.30 0.97 (0.70; 1.36) 0.87
1-2 children 1 [Reference] - 1 [Reference] -
>3 children 1.19 (0.99; 1.43) 0.07 1.23 (0.99; 1.53) 0.07
SNAC-K
Loneliness, yes 301/12,479 2.15(1.11; 4.16) 0.02 2.09 (0.96; 4.56) 0.06
Perceived Social 209/10,877 1.22 (0.59; 2.52) 0.59 1.49 (0.61; 3.64) 0.39
Support, optimal
Marital status 306/12,625
Married 1 [Reference] 1 [Reference]
Single 0.57 (0.19; 1.78) 0.34 0.59 (0.16; 2.20) 0.43
Widow/divorce 1.03 (0.54; 1.98) 0.93 1.17 (0.55; 2.48) 0.68
No. children 298/12,124
0 children 0.41 (0.16; 1.02) 0.06 0.61 (0.21; 1.78) 0.37
1-2 children 1 [Reference] 1 [Reference]
>3 children 1.35 (0.68; 2.69) 0.39 2.00 (0.91; 4.38) 0.08

cohorts provided consistent findings despite differ-
ent measurements of loneliness and social support
(independent variables) and diagnostic criteria for
dementia (dependent variables).

Our findings contradict the prior systematic
reviews [5, 13—15], which reported that aspects of
social support were protective of cognitive decline or
dementia risk. We hypothesize that the length of the
follow-up time may be limiting current research. A
previous study of Fratiglioni et al. [18] in SNAC-K
indicated that a large social network can help delay
the clinical symptoms of age- and disease-related
brain changes over an average 3 years of follow-up.
However, we now show that with longer follow-up
that loneliness, not social support, was associated
with cognitive decline.

Our findings are consistent with Kuiper et al. [5]’s
finding that more loneliness was associated with
increased risk of dementia. However, our findings
contradict both Penninkilampi et al. [15]’s systematic
review reporting that loneliness was not associated
with dementia risk and a sub-analysis by Kuiper
et al. [13] reporting no association between being

lonely and cognitive decline. Notably, Penninkilampi
et al. [15] outlined their limitation of only obtain-
ing four papers published between 2012 and 2017
which assessed loneliness as a risk factor for demen-
tia. We have identified a number of individual studies
that are aligned with our findings [43-50], includ-
ing three that were published last year. Notably one
also assessed reverse causality by censoring the first
5 years of follow-up and results were consistent that
loneliness was associated with increased risk for all-
cause dementia among 1,905 Swedish aged 60 or
more years over a 20 year follow-up time (mean 11.1
years) [49].

We found no consistent associations of marital sta-
tus and number of children with cognitive decline and
risk for dementia. A systematic review and meta-
analysis by Sommerlad et al. showed that older
widowed women were at a greater risk of dementia
than other age-gender categories [16]. This associa-
tion disappeared when education and physical health
were adjusted for, in line with our findings.

Pre-existing depressive symptoms could confound
the association of social health with cognitive decline
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and dementia, yet adjustment for depressive symp-
toms did not meaningfully change our findings.
Furthermore, mediation analyses suggested no indi-
rect pathways from social health through depressive
symptoms to cognitive decline or dementia. Van
Winkel et al. described the complex relation between
depression and loneliness as a self-reinforcing loop
between loneliness, negative appraisals of social
company, being alone and the development of major
depressive disorder. Poor control for mental health,
such as depressive symptoms, may obscure the inter-
pretation of the association between the different
social health factors and the risk of dementia [5].
Furthermore, depression has typically been associ-
ated with dementia in short term follow-up studies
[51], whereas the strength of the association between
loneliness and cognitive functioning did not weaken
over at least five years. While loneliness can lead
to depression [39], loneliness is distinctly different
from depression [52] and they are much less corre-
lated that what people may think (e.g. low correlation
at age 18 r=0.38 [53]). Hence, we hypothesize that
the pathway from loneliness to cognitive decline and
dementia is independent of depression.

There was considerable consistency in results for
the MMSE-score and g-factor. In both studies, we
found an association between the MMSE-score and
loneliness and for the g-factor, an association was
found in SNAC-K and in RS a non-significant trend
could be demonstrated. The g-factor is more age-
sensitive and partly reflects executive functioning;
the MMSE is the most common screening instru-
ment for dementia and often used to detect early
symptoms reliably. This suggests that our results are
robust and do not depend on whether the assessment
examines basic cognitive functions such as orienta-
tion and attention or higher cognitive functions such
as vocabulary and episodic memory.

There are several possible pathways for how
social health impacts cognition and dementia [5,
13-15]. Elevated cortisol levels, increased markers
of immune activation, and expression of inflamma-
tory genes have been described in lonely individuals,
which are associated with cognitive decline and
dementia [54, 55]. As loneliness is believed to be
a cognitive discrepancy between one’s actual rela-
tionships and one’s social desires, distress and low
mood associated with loneliness could reduce social
interaction. Interacting with people provides cogni-
tive stimulation and builds cognitive reserve, which
optimizes cognitive performance to compensate for
cognitive difficulties related to pathology. While we

found no confounding or mediation by depression or
depressive symptoms, we cannot exclude that other
emotional causes or consequences of loneliness play
an important role.

Limitations and strengths

This study was performed in the Netherlands and
Sweden, two countries with well-developed social
welfare systems and relatively low social inequity
[56]. These countries could be considered homoge-
nous, particularly in terms of socioeconomic position.
Greater population variability may provide greater
opportunity for confounding. Additionally, many
participants reported optimal social support. These
factors may explain why we, in contrast to others
[5, 13-15], found no association between perceived
or structural social support and cognitive decline. In
these two countries, family and close friends may
play a less prominent role in providing welfare and
care, and results may not be generalizable to coun-
tries with less developed social welfare systems or
greater social inequality.

Notably, the magnitude of association differed
between RS and SNAC-K (30% and >110% in-
creased risk of dementia, respectively) which could
be due to 1) differences between samples, includ-
ing being from different countries; 2) RS possibly
having a slightly healthier cohort due to social sup-
port and loneliness being collected at the second or
third wave (which is the baseline for this manuscript);
3) possible selective drop-out in SNAC-K as partici-
pants self-identifying as lonely may be less able to
attend follow-up during which dementia diagnosis
was determined; and 4) the follow-up time and mean
person observation time differing.

The inconsistency in social interaction and loneli-
ness measures is acommon limitation of this research
area [57, 58]. While social support measures incor-
porated number of friends as characteristic of the
social network, there are more extensive measures
of social support available. However, the use of a
single-item measure of loneliness is not necessar-
ily a limitation; a single-item is commonly used,
has been acknowledged as valid and is likely more
appropriate for an older age group [59]. A common
limitation of longitudinal assessment is the generaliz-
ability of findings to contemporary cohorts. However,
there is evidence that the prevalence of loneliness has
not changed over generations of older adults [60].
Another common limitation for longitudinal studies
is the healthy cohort effect, where participants who
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enter and remain in the study are general healthier
than people who do not participate and participants
who drop-out. Therefore, our findings may be con-
servative as excluded participants were more likely to
be less healthy and have poorer social health, hence,
our magnitude of findings would likely be stronger
if these participants remained in the study. Lastly,
we could not assess the temporal associations of
social health and depressive symptoms on incident
cognition or dementia. While poor social health can
lead to depression [39], the reverse is also true [61],
and future research may consider further assessing
temporal associations and their impact on cognitive
decline and dementia.

Study strengths include the application of the
same methodology in two independent cohorts which
yielded consistent results. Further we simultaneously
investigated two measures of cognitive decline and
dementia risk over considerable follow-up periods,
with adequate power (a high number of demen-
tia events), analyzed several social health factors,
and carefully adjusted for potential important con-
founders including depressive symptoms. Loneliness
was measured using one question, which is com-
monly used, preferable for older people and has good
face and predictive validity [28, 59]. A prominent
strength of the RS was the longer median person
observation time (10.8 years), which allowed us to
demonstrate that findings did not alter when we
reduced the influence of reverse causality by censor-
ing the first five years from baseline.

Implications

Loneliness is a serious societal problem across all
ages. The prospective associations in this study impli-
cate loneliness in the etiology of cognitive decline and
dementia. Our findings highlight the importance of
developing successful preventive measures for lone-
liness per se, which has been claimed as a2 1st century
epidemic [62, 63].
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