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ABSTRACT

Background Social isolation and loneliness have been
associated with increased risk of dementia, but it is not
known whether this risk is modified or confounded by
genetic risk of dementia.

Methods We used the prospective UK Biobank study with
155 070 participants (mean age 64.1 years), including
self-reported social isolation and loneliness. Genetic

risk was indicated using the polygenic risk score for
Alzheimer’s disease and the incident dementia ascertained
using electronic health records.

Results Overall, 8.6% of participants reported that they
were socially isolated and 5.5% were lonely. During

a mean follow-up of 8.8 years (1.36 million person

years), 1444 (0.9% of the total sample) were diagnosed
with dementia. Social isolation, but not loneliness, was
associated with increased risk of dementia (HR 1.62,

95% Cl 1.38 to 1.90). There were no interaction effects
between genetic risk and social isolation or between
genetic risk and loneliness predicting incident dementia.
0Of the participants who were socially isolated and had high
genetic risk, 4.4% (95% Cl 3.4% to 5.5%) were estimated
to developed dementia compared with 2.9% (95% Cl 2.6%
10 3.2%) of those who were not socially isolated but had
high genetic risk. Comparable differences were also in
those with intermediate and low genetic risk levels.
Conclusions Socially isolated individuals are at increased
risk of dementia at all levels of genetic risk.

INTRODUCTION

The rapidly rising numbers of people with
dementia' is a significant health policy
and health service concern in many high-
income countries. Although considerable
share of the dementia risk is due to genetic
factors,2 3 major efforts have been directed
towards the identification of potentially
modifiable risk factors that could prevent or
delay the onset of dementia.* Higher levels of
social support have been suggested to protect
from dementia,5 with both social isolation
and feelings of loneliness being associated
with increased risk of dementia,”® although

;2% Jari Lahti," Matti Pirinen,*® Laura Pulkki-Raback, "’

8 Mika Kivimaki,*®

Strengths and limitations of the study

» The strengths of the study were its large sample size
and a genome-wide study using a well-established
polygenic risk score for dementia.

» Despite the large sample size, the sample was not
representative of the UK population.

» As dementia was derived from hospital records,
people with non-diagnosed dementia may have
been missed.

» Reverse causation may have affected the findings
by making people with preclinical dementia more
socially isolated.

» Future research should examine the mechanistic
pathways whereby social isolation is associated
with dementia.

mixed findings have been reported between
loneliness and dementia risk.” ' However, it
remains unclear whether there is an interplay
between genetic factors and social isolation
and loneliness (ie, whether the association of
social isolation and loneliness with dementia
is evident only at high or low levels of genetic
risk) or whether the associations of genetic
factors and social network characteristics with
dementia are independent and additive.

The polygenic risk score (PRS) for Alzhei-
mer’s disease (AD), describing the polygenic
burden captured by the most recent genome-
wide studies,11 allows to estimate the size of
the genetic risk and the extent to which the
associations of social isolation and loneliness
with dementia are modified by genetic risk.
Existing studies have included Apolipopro-
tein E (APOE) genotype as the genetic risk,
focused on wider psychosocial characteris-
tics,'” relied on small samples,'” and provided
limited evidence for the interplay of genetic
risk and social relations predicting the
increased risk of incident dementia. In the
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present study, we used data from UK Biobank study to
examine whether genetic risk may intensify and attenuate
the associations of social isolation and loneliness with the
risk of dementia. In addition to estimating relative risk,
we will provide estimates of absolute risk,'* as they are
important information for risk communication and clin-
ical risk prediction."

METHODS

Study design and participants

In this analysis of the UK Biobank study, we used base-
line data and obtained information of incident dementia
at follow-up via linked electronic health records."®
UK National Health Service (NHS) registers maintain
records of all individuals legally registered as residents
in the UK. In the UK Biobank study, these records were
used to invite around 9.2 million individuals aged 40-69
years living within a sensible travelling distance of the
22 assessment centres across Great Britain 2007-2010.'°
At the study baseline, participants completed multiple
touchscreen computer-based questionnaires followed by
a face-to-face interview with trained research staff. Phys-
ical measures were also taken. Details of these assessments
and variables are publicly available from the UK Biobank
website: https://biobank.ndph.ox.ac.uk/ukb/.

In total, 502 656 individuals were recruited (5.4% of
the eligible population). Of those, individuals that were
60 years or older and had complete data on social isola-
tion, loneliness, dementia and genetic data were included
in the present analysis (N=147 614-152 070). There were
7459 (4.8%) missing values in loneliness measures and
2351 (1.5%) missing values in isolation measures. We
also repeated the analyses using imputed data in those
with missing information on social isolation, loneliness
or other explanatory variables but had information on
genetic risk score (N=155 063).

Ascertainment of incident dementia

Dementia was ascertained using hospital inpatient
records which contains data on admissions and diag-
noses from the Hospital Episode Statistics for England,
Scottish Morbidity Record data for Scotland, and the
Patient Episode Database for Wales. Additional cases were
detected through linkage to death register data provided
by the NHS Digital for England and Wales and the Infor-
mation and Statistics Division for Scotland. Diagnoses
were recorded using the International Classification of
Diseases (ICD) coding system. Participants with dementia
were identified as having a primary/secondary diagnosis
(hospital records) or underlying/contributory cause of
death (death register) using ICD-9 and ICD-10 codes for
AD and other dementia classifications (see online supple-
mental file for details).

Measurement of social isolation and loneliness
Social isolation and loneliness were measured using the
same scale as in our two previous UK Biobank studies.'” 8

Social isolation scale was defined using the following three
questions: (1) ‘Including yourself, how many people are
living together in your household? Include those who
usually live in the house such as students living away
from home during term, partners in the armed forces or
professions such as pilots” (one point for living alone);
(2) ‘How often do you visit friends or family or have them
visityou?” (one point for friends and family visits less than
once amonth), and (3) “Which of the following [leisure/
social activities] do you attend once a week or more often?
You can select more than one’, (one point for no partic-
ipation in social activities at least weekly). This resulted
in scale with a range from 0 to 3, where an individual was
defined as socially isolated if he/she had two or more of
those points and those who scored 0 or 1 were classified
as not isolated. Other studies in the UK have used similar
measures.'®

Loneliness scale was constructed from two questions: ‘Do
you often feel lonely?’ (no=0, yes=1) and ‘How often are
you able to confide in someone close to you?’ (0=almost
daily—once every few months l=once every few months
to never or almost never). An individual was defined as
lonely if he/she responded positively to both questions
(score 2) and not lonely if he or she responded negatively
to one or both of the questions (score 0-1). Similar ques-
tions have been used in longer loneliness scales, such as
the Revised UCLA Loneliness Scale."”

PRS of dementia

From the genotyped UK Biobank samples, we included
155 070 unrelated white British participants after removal
of participants based on heterozygosity and missingness of
outliers, sex chromosome aneuploidies and mismatches,
withdrawals and those that UK Biobank had excluded
from the relatedness calculations. The genotypes were
imputed against Haplotype Reference Consortium and
UKI0K haplotype resources containing ~96M variants."'
We calculated PRS for AD based on a genome-wide asso-
ciation study by Kunkle et af with 35 274 AD cases and
59 163 controls that do not overlap with UK Biobank
samples (for details. see the online supplemental file). We
used Plink 1.9% for the genotype QC and clumping. The
following parameters were used for the clumping of the
genotype data: p-value threshold 0.5, LD threshold (r?)
0.5, and clumping window width of 250 kilobases. Prior
to clumping, we excluded all single-nucleotide polymor-
phisms (SNPs) with minor allele frequency (MAF) <0.001,
genotyping rate <0.1, Hardy-Weinberg equilibrium p-val-
ue<le-6 and missingness per person >0.1. We used PRSice
2.2.8%" for calculating the PRS with the genotype QC
settings that have been recommended by the software
developers.” In the main analyses, we applied a p-value
threshold of 0.5, which resulted in including 626 623
SNPs in the PRS. This threshold was chosen as previous
work has reported that it provided an optimal set of vari-
ants for predicting dementia and AD.* ** While this set
is likely to include a number of variants which are not
associated with AD, it also includes a number of variants
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that at present do not have sufficient statistical evidence
to meet the criteria for being genome-wide significant
(ie, p value<5x10®) but are expected to be associated in
future larger studies. The univariate associations between
genetic risks score with 10 different cut-off points and
incident dementia is reported in the online supplemental
SFigure 1. Last, based on two single nucleotide polymor-
phisms (rs7412 and rs429358), we additionally genotyped
APOE (none, one, or, two €4 alleles).

The PRSs were then z-standardised to have mean 0 and
variance 1, and divided into tertiles and categorised as
low-risk, intermediate-risk and high-risk tertiles.

Assessment of potential explanatory factors

Following information was used in the current study:
sex, age in years, socioeconomic factors (educational
attainment and Townsend deprivation index, which is
an area-level composite measure of deprivation based on
unemployment, non-home ownership, non-car owner-
ship, and household overcrowding), chronic diseases
(diabetes, cardiovascular disease, cancer, and other
long-standing illness, disability or infirmity), cigarette
smoking (smoker (yes/no); ex-smoker (yes/no)), phys-
ical activity (moderate and vigorous physical activity),
alcohol intake frequency (three or four times a week or
more vs once or twice a week or less), and the frequency
of depressed mood in the past 2 weeks (Patient Health
Questionnaire®).

Statistical analyses

Study participants were followed from the study baseline
(2006-2010) for incident dementia until the date of first
dementia diagnosis, death, or to the end of the follow-up,
whichever came first. The associations of social isolation,
loneliness and PRS with incident dementia were exam-
ined using Cox proportional hazard regression models
where age was used as a time scale. Results from these
analyses were reported as HRs (relative risk) and their
95% CIs and the models were adjusted for age, sex and
10 first principal components of genetic structure from
UK Biobank to control for possible population stratifica-
tion, and additionally for education, social deprivation
index, having long-term illness, physical activity, smoking
status, alcohol consumption and depressive symptoms. In
these analyses, PRS was used both as a categorical and as
a continuous variable. Additional adjustments were also
made for APOE genotype. Cumulative incidence (abso-
Iute risk) of dementia associated with combined cate-
gories of social isolation, loneliness and genetic risk was
estimated using competing-risk regression,***’ with death
being treated as competing event.

For the sensitivity analyses, missing data on social
isolation, loneliness and all explanatory factors were
imputed using multiple imputation by chained equations
to generate five imputed datasets. Imputation model
included age, sex, social isolation, loneliness, all covari-
ates, the Nelson-Aalen estimate of cumulative hazard, and
survival status.”® Cox proportional hazards models were

fitted within each imputed dataset and combined using
Rubin’s rules.

P values were two sided with statistical significance set
at less than 0.05. All analyses were performed using Stata
(V.15.1) and R (V.4.2.1).

Role of the funding source

The sponsors of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report. Elovainio and Hakulinen had full
access to the data. Elovainio and Hakulinen take final
responsibility for the decision to submit for publication.

Patient involvement

These results are based on existing data. We were not
involved in the recruitment of the participants. As far
as we know, no patients were engaged in designing the
present research question or the outcome measures.
They were also not involved in developing plans for
recruitment, design or implementation of the study, and
were not asked to advise on interpretation or writing up
of results. Results from UK Biobank are disseminated to
study participants via the study website and social media
outlets.

RESULTS

Descriptive statistics of the study participants are shown
in table 1. Genetic risk score data were available for 155
070 participants (51.9% women; mean age 64.1 years).
Overall, 8.6% of participants (n=13 103) were classified as
socially isolated and 5.5% were lonely (N=8102). Of those
who reported themselves to be socially isolated, 14.3%
were also lonely. During a total of 1.36 million person
years (mean follow-up time 8.8 years), 1444 participants
(0.9% of the total sample) were diagnosed with all-cause
dementia.

As expected, a higher PRS for AD was associated with
an increased risk of dementia. Using continuous PRS, the
HR per 1 SD increase in the score was 1.27 (95% CI 1.21
to 1.34) in an analysis adjusted for age, sex and 10 prin-
cipal components. The associations between genetic risk
categories (low, intermediate and high) with incidence of
dementia shown in table 2. In comparison to the partici-
pants in the low genetic risk category, the HR of incident
dementia was 1.49 (95% CI 1.28 to 1.73) in participants
with intermediate risk and 1.71 (95% CI 1.47 to 1.98) in
those with high genetic risk in the fully adjusted model.
There were no interaction effects between sex and inter-
mediate genetic risk (p=0.15) or between sex and high
genetic risk (p=0.20) predicting incident dementia
(online supplemental Stable 1a).

Social isolation was associated with increased risk of
dementia (HR adjusted for age and sex=1.62, 95% CI 1.39
to 1.90). The associations attenuated but remained statis-
tically significant after adjusting for additional covariates
including sociodemographics, health-related factors and
genetic risk score and principal components (HR=1.34,
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I

Table 1 Baseline characteristics of participants according to diagnosed dementia at follow-up

95% CI 1.12 to 1.60). Loneliness was also associated with
higher risk of dementia (HR=1.47, 95% CI 1.20 to 1.80),
but this association was lost when adjusted for sociode-
mographics, health-related factors, PRS and principal

components (HR=1.03, 95% CI 0.81 to 1.30). Both social
isolation (HR=1.58, 95% CI 1.34 to 1.86) and loneliness
(HR=1.28, 95% CI 1.03 to 1.59) were associated with
incident dementia when added simultaneously into the

Table 2 Association between genetic risk and risk of incident dementia

Model 1 Model 2
Predictor HR (95% CI) P value HR (95% CI) P value
Intermediate genetic risk versus low 1.56 (1.36 to 1.79) <0.001 1.49 (1.28 to 1.73) <0.001
High genetic risk versus low 1.79 (1.56 to 2.04) <0.001 1.71 (1.47 to 1.98) <0.001

Observations

155 063

139 345

Model 1. Adjusted for age and sex.
Model 2. Adjusted for age, sex, education, social deprivation, health behaviours, long-term illness, depressive symptoms and 10 principal

components.
The values are HR and 95% CI.

w

<

[

@]

©

)

Dementia =

Variables No Yes P value 3

Age at baseline Mean (SD) 64.1 (2.8) 65.8 (2.7) <0.001 g

Sex Female 79 816 (52.0) 631 (43.7) <0.001 §

Male 73 803 (48.0) 813 (56.3) 3

Education Lower 40 575 (26.7) 536 (38.2) <0.001 ﬁ

Intermediate 71 838 (47.4) 606 (43.2) S

Higher 39 304 (25.9) 261 (18.6) @

Long-term illness No 57 734 (38.7) 319 (28.3) <0.001 g

Yes 91 264 (61.3) 1053 (76.7) S

[¢]

Physical activity Low 45 961 (30.7) 479 (34.9) 0.001 f)

High 103 933 (69.3) 893 (65.1) §

Current smoker No 140 640 (92.0) 1281 (89.4) <0.001 '8

Yes 12 264 (8.0) 152 (10.6) §
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Higher 72 281 (47.1) 575 (39.9) %
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o
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Qo
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Genetic dementia risk Low 51 355 (33.4) 333 (23.1) <0.001 3

0

Intermediate 51171 (33.3) 517 (35.8) -E*'

High 51093 (33.3) 594 (41.1) §

Apolipoprotein E genotype None 113 994 (74.2) 707 (49.0) <0.001 g'

One e4 allele 36 103 (23.5) 568 (39.3) _‘:D
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Table 3 Associations of loneliness and isolation with incident dementia

Model 1 Model 2 Model 3
Predictor HR (95% CI) Pvalue HR (95% CI) P value HR (95% CI) P value
Separate analyses
Lonely versus not lonely 1.47 (1.20to 1.80) <0.001 1.03 (0.81t0 1.30) 0.817 1.04 (0.82 to 1.32) 0.752
Isolated versus no 1.62 (1.39t0 1.90) <0.001 1.34 (1.12 to 1.60) 0.002 1.34 (1.12 to 1.60) 0.002
isolated
Combined analyses
Lonely versus not lonely 1.28 (1.03 to 1.59) 0.024 0.95(0.74to0 1.22) 0.689 0.96 (0.75 to 1.23) 0.716
Isolated versus no 1.58 (1.34t0 1.86) <0.001 1.33(1.11to 1.60) 0.002 1.33 (1.11 to 1.60) 0.003
isolated
Observations 147 604/152 712 133 885/1 37 894 133 885/137 894

Model 1. Adjusted for age and sex.

Model 2. Adjusted for age, sex, education, social deprivation, health behaviours, long-term iliness, depressive symptoms, genetic risk and 10

principal components.

Model 3. Adjusted for age, sex, education, social deprivation, health behaviours, long-term illness, depressive symptoms and apolipoprotein

E genotype.
The values are HRs and 95% CI.

model but only the association between social isolation
and dementia was robust to adjusting for additional
covariates (HR=1.33, 95 % CI 1.11 to 1.60). Adjusting the
models for APOE produced similar associations (table 3).
No interaction effects between sex and isolation (p=0.53)
or between sex and loneliness (p=0.14) predicting inci-
dent dementia were found (online supplemental Stable

1b).

Although no significant interaction effects in the asso-
ciations between social isolation and genetic risk catego-
ries (p values range 0.45-0.62) or loneliness and genetic
risk categories (p values range 0.59-0.95) with incident
dementia were found (online supplemental Stable 1c), we
illustrated the interplay between genetic risk with social
isolation and loneliness by presenting associations at all
genetic risk levels adjusting for potential confounders

Isolation
Study population N(total) N(cases) Hazard ratio (95% confidence interval) for dementia
Adjusted for
Low genetic risk 50910 320 — 1.47 (1.04 to 2.07)
Intermediate genetic risk 50879 493 —— 1.73 (1.33 to 2.24)
High genetic risk 50923 570 — 1.62 (1.27 to 2.08)
+ education and social deprivation
Low genetic risk 50352 313 —I— 1.27 (0.90 to 1.80)
Intermediate genetic risk 50330 481 —_—— 1.56 (1.20 to 2.05)
High genetic risk 50342 556 P —-— 1.50 (1.17 to 1.93)
+ health behavior
Low genetic risk 49540 309 -—I— 1.35(0.95t0 1.91)
Intermediate genetic risk 49483 464 P ——— 1.56 (1.18 to 2.06)
High genetic risk 49472 538 . 1.52 (1.18 to 1.96)
+ long-term illness and depr. symp
Low genetic risk 47518 288 D . S——— 1.43 (1.00 to 2.05)
Intermediate genetic risk 47571 441 —_— 1.55(1.17 to 2.06)
High genetic risk 47516 505 —_— 1.42 (1.09 to 1.86)
All above
Low genetic risk 46008 276 —. 1.23 (0.85 to 1.77)
Intermediate genetic risk 45993 408 —I— 1.37 (1.01 to 1.86)
High genetic risk 45893 471 —.— 1.38 (1.04 to 1.82)
T T T T T T T T T T
0.6 1.0 1.4 1.8 22 2.6 3.0

Figure 1

Associations of social isolation with incident dementia risk in low, intermediate and high genetic risk groups.
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Loneliness
Study population N(total) N(cases) Hazard ratio (95% confidence interval) for dementia
Adjusted for !
Low genetic risk 49269 316 i = 1.56 (1.04 to 2.35)
Intermediate genetic risk 49198 490 -—I— 1.34 (0.95 to 1.89)
High genetic risk 49137 549 —_— 1.53(1.11 to 2.09)
+ education and social deprivation
Low genetic risk 48656 309 = 1.42(0.94 to 2.15)
Intermediate genetic risk 48609 477 —I— 1.25(0.89 to 1.77)
High genetic risk 48508 534 —_— 1.41(1.03 to 1.95)
+ health behavior
Low genetic risk 48020 305 - 1.38(0.90 to 2.12)
Intermediate genetic risk 47906 460 —— 1.26 (0.88 to 1.81)
High genetic risk 47803 520 —I— 1.42(1.02 to 1.97)
+ long-term illness and depr. symp
Low genetic risk 46218 287 —m 1.25(0.79 to 1.97)
Intermediate genetic risk 46205 440 —I— 0.98 (0.65 to 1.46)
High genetic risk 46121 489 —I— 1.13 (0.79 to 1.60)
All above :
Low genetic risk 44713 275 — - 1.05 (0.65 to 1.70)
Intermediate genetic risk 44653 405 —I— 0.92 (0.61 to 1.40)
High genetic risk 44519 458 — 1.10 (0.76 to 1.58)
(— T T T T T T T T 1
0.6 1.4 1.8 2.2 2.6 3.0

Figure 2 Associations of loneliness with incident dementia risk risk in low, intermediate and high genetic risk groups.

(figures 1 and 2). Social isolation was associated with
increasing dementia risk in all genetic risk levels. At inter-
mediate and high genetic risk levels, these associations
were robust to adjusting for all potential confounders
or mediators (HR=1.37, 95% CI 1.01 to 1.86; HR=1.38,
95% CI 1.04 to 1.82). The results for loneliness were less
consistent, and the risk of dementia was similar in lonely
participants at low and at high levels of genetic risk, when
compared with those who reported no loneliness. In the
high genetic risk group, for example, the hazard ratios
were 1.53 (95% CI 1.11 to 2.09) in low and 1.56 (95% CI
1.04 to 2.35) in high loneliness group (figure 2). All these
association were attenuated when adjusted for long-term
illness and depressive symptoms and in the fully adjusted
model.

In terms of absolute risk (cumulative incidence), of
those who were socially isolated and had high genetic
risk, 4.4% (95% CI 3.4% to 5.5%) were estimated to
developed dementia compared with 2.9% (95% CI 2.6%
to 3.2%) of those who were not socially isolated but had
high genetic risk (figure 3). The corresponding absolute
risk estimates in the socially isolated and not isolated were
4.1 (95% CI 3.1% to 5.1%) and 2.5% (95% CI 2.2% to
2.8%) in participants with intermediate genetic risk and
2.3% (95% CI 1.5% to 3.0%) and 1.6% (95% CI 1.4% to
1.9%) in those with low genetic risk.

As sensitivity analyses, we repeated all the main analyses
with AD as the outcome (online supplemental STables 2
and 3), and with missing explanatory variables imputed
(online supplemental STable 4). The results did not

materially change. To detect whether the associations
with incident dementia were due to reverse causation, we
additionally repeated the fully adjusted models using data
where those dementia cases occurring in the first 3 years
of the follow-up were excluded. The association between
isolation and incident dementia (HR=1.30, 95% CI 1.08
to 1.58) and between loneliness and incident dementia
(HR=1.06, 95% CI 0.82 to 1.36) were similar.

DISCUSSION

In this UK Biobank study of 155 063 men and women,
social isolation was associated with increased risk of all-
cause dementia and AD at intermediate and high levels
of genetic risk of AD. No interaction effects were found
between genetic risk levels and isolation predicting inci-
dent dementia. The incidence of dementia was estimated
to reach over 4% in isolated high-genetic risk individ-
uals compared with approximately 3% in non-isolated
individuals with similar genetic risk. The difference
between these groups was comparable also among those
with intermediate and low genetic risk. This means that
among individuals with similar genetic risk for dementia,
those who are socially isolated are more likely to have
incidence of the disease, suggesting an effect by social
isolation over and above that of genetic risk. The associ-
ation between loneliness and dementia was attributable
to other dementia risk factors, such as health behaviours
and depressive symptoms.
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Figure 3 Estimated cumulative incidence of dementia in combined genetic risk and social isolation groups.

The relative risk of dementia across the genetic risk
categories was at the same magnitude as in a previous UK
Biobank study® that used data from an older GWAS.”
Our findings also support other studies—most of which
with follow-ups from 5 to 11 years—showing an associa-
tion of social isolation with increased risk of dementia.®® "’
A 28-year follow-up of 10 000 Whitehall II study partici-
pants found that less frequent social contacts at ages 50,
60 and 70 were associated with approximately 10% higher
dementia risk, independent of socioeconomic and other
lifestyle factors.” While previous studies have produced
mixed findings on whether loneliness is associated with
increased risk of dementia or not,” "’ our findings show
that the association between loneliness and dementia is
mostly likely explained by other factors and present only
at high levels of genetic risk.

Our results should be interpreted in a context of
disease aetiology. Dementia is characterised by a 10-20
year preclinical or prodromal stage during which changes
in biomarkers and cognitive abilities increasingly occur.™
With a follow-up less than 10 years, it is likely that we
assessed social isolation for dementia cases during this
preclinical period. This could result to reverse causality,
that is, increased prevalence of social isolation during
the 8-year period could have resulted from preclinical
changes in social activity leading to a spurious association
between social isolation and dementia.

Several mechanisms through which social isolation may
causally affect dementia risk have been proposed. Social
isolation and loneliness have been suggested to increase
stress reactivity which is associated with prolonged

activation of the hypothalamic—pituitary—adrenal axis and
the sympathoadrenal system.” This process may further
lead to sleep deprivation, dysregulation of the immune
system and even increased levels of oxidative stress,” all
potentially harmful for cognitive health. It has also been
shown that socially isolated and lonely individuals more
often engage in health-damaging behaviours,'® which
may affect cognition either directly via biophysiological
mechanisms or increased incidence of cardiometabolic
diseases which accelerate neurodegeneration.”® Socially
isolated or lonely individuals are also at an increased
risk of depression,” a potential risk factor for cognitive
decline and dementia.” Participation in social activi-
ties and social interaction stimulates neural plasticity
by building and maintaining cognitive reserve.” Poor
cognitive reserve is a further pathway through which
social isolation and loneliness could increase dementia
risk.” Fewer social contacts with reduced exercising of
memory and language adversely affect cognitive reserve,
thereby accelerating dementia onset.” Cognitive ability
was not assessed in the present study and a small share of
the found association between social isolation and subse-
quent dementia risk may be attributable to lower initial
cognitive reserve.

Strengths and limitations

The major strengths of the current study include the large
sample size of UK Biobank participants, which enabled us
to study the combination of genetic risk, social isolation
and loneliness in detail. In addition, we used the largest
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genome-wide association study of dementia to date to
derive the genetic risk for AD.*

There are also some important limitations. Although
our analyses were adjusted for multiple potential sources
of bias, the possibility of unmeasured confounding and
reverse causation cannot be ruled out. However, the results
were basically unchanged when excluding those with inci-
dent dementia during the first three-year follow-up time.
Both frequency of social contacts and loneliness were
self-reported and measured by relatively short and crude
measures. As we were able to cover the genetic risk for
AD—mnot all-cause dementias—based on the Kunkle et al,2
we may have missed some of the genetic variance related
to non-AD dementias. Dementia cases were derived from
medical records or death registers, and thus some cases
might have been missed. However, good agreement of
dementia case determination with primary care record
data has been shown.*” This sample was restricted to
volunteers of European ancestry aged 60-73 years at base-
line and, therefore, further research is needed to ensure
generalisability of our findings. As the mean age of partic-
ipants was only 72 years at the end of the follow-up period,
the incidence of dementia remained low. As noted previ-
ously, the response rate of the UK Biobank study survey
was very low, 5.5%, and UK Biobank is not representative
of the sampling population.* However, many etiological
findings from UK Biobank appear to be generalisable to
England and Scotland.*

CONCLUSIONS

The present findings suggest an association between
social isolation and increased risk of dementia across the
spectrum of genetic risk. Further research is needed to
determine the extent social isolation is a modifiable risk
factor rather than a part of the dementia prodrome.
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