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Abstract 
Alzheimer’s disease and related dementias is a major public health burden – 

compounding over upcoming years due to longevity. Recently, clinical evidence hinted 
at the experience of social isolation in expediting dementia onset. In 502,506 UK 
Biobank participants and 30,097 participants from the Canadian Longitudinal Study of 
Aging, we revisited traditional risk factors for developing dementia in the context of 
loneliness and lacking social support. Across these measures of subjective and 
objective social deprivation, we have identified strong links between individuals’ social 
capital and various indicators of Alzheimer’s disease and related dementias risk, which 
replicated across both population cohorts. The quality and quantity of daily social 
encounters had deep connections with key aetiopathological factors, which represent 1) 
personal habits and lifestyle factors, 2) physical health, 3) mental health, and 4) societal 
and external factors. Our population-scale assessment suggest that social lifestyle 
determinants are linked to most neurodegeneration risk factors, highlighting them 
promising targets for preventive clinical action.  
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Introduction 
Alzheimer’s disease and related dementias (ADRD) is a growing public health 

crisis. With no known cure, this devastating condition generates ~1 trillion global costs 
every year and places a considerable burden on patients, caregivers, and society.1 The 
number of ADRD cases is estimated to triple by 2050.2 In a parallel development, there 
is now rapidly growing evidence that social isolation is associated with an escalated risk 
of ADRD.3-8 In fact, the World Health Organization (WHO) has identified ADRD and 
social isolation, separately, as two global public health priorities.9, 10 Both challenges 
may now be aggravating due to social deprivation as a consequence of the COVID19 
pandemic: many cities, states, and nations have imposed stringent social distancing 
measures – leading to probably the largest mass social isolation in recorded history. 

Substantial progress has been made in delineating aetiopathological antecedents 
of this major neurodegenerative disease. While we have identified some biomarkers 
and short-term treatment of symptoms, our ability to attenuate the trajectory of 
neurodegenerative progression remains limited. As a source of hope, a recent 
consensus article11 reported that potentially modifiable factors in ADRD amount to as 
much as 40% of the overall disease risk. Widely agreed upon risk factors include 
childhood education, exercise, socioeconomic status, smoking, alcohol consumption, 
hearing and vision loss, depression, diabetes, hypertension, sleep apnea, air pollution 
and obesity.11 However, we still have a clouded understanding of how these risk factors 
are linked to social lifestyle. The relevance of subjective and objective social isolation 
for ADRD risk in relation to other commonly studied risk factors is only now attracting 
the attention of researchers, stakeholders, and policy makers. The premise of our study 
is that a wider characterization of these social behaviors in late life will enable a more 
complete conceptualization of ADRD risk, potentially paving the way for novel treatment 
avenues. Such new insight is imperative given that social behaviors are modifiable in 
principle through societal measures12 in contrast to genetically determined risk. This 
knowledge gap is particularly blatant when one considers social deprivation in the 
elderly. Social factors like loneliness, as a measure of subjective social isolation, and 
regular social support, as a measure of objective social isolation, are rarely considered 
in risk models or authoritative surveys of ADRD aetiopathology. 

There is substantial evidence that acceleration in cognitive decline13-15 and 
increased dementia risk16, 17 co-occurs with loneliness in individuals, which is also 
indicated by greater ADRD-related neuropathological.13, 18 These pointers suggest that 
perceived social isolation plays an important and potentially independent role from 
objective social isolation in normative brain aging and its aberrations in 
neurodegenerative disease. Different facets of social isolation – loneliness, social 
network, social engagement, and social support – have been associated with poor 
health outcomes, including hypertension and immune system dysfunction,19, 20 cognitive 
decline,14, 21, 22 psychological distress (e.g. depression, anxiety), increased dementia 
risk5 and shortened life expectancy.23 Studying the role of social lifestyle in ADRD onset 
should therefore acknowledge determinants of both subjective loneliness feelings and 
objective social support frequency. Here, we have systematically revisited classical, 
widely acknowledged aetiopathological factors closely linked to ADRD by capitalizing on 
two unique cohorts: 502,506 participants from the UK Biobank24 and 30,097 participants 
from the Canadian Longitudinal Study of Aging.25 Empowered by the advent of the UK 
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Biobank and CLSA cohorts,26, 27 we have tested the hypothesis that subjective 
loneliness and objective social support show robust associations with major ADRD risk 
factors. Narrowing this knowledge gap is particularly urgent when considering less well 
studied risk factors like late-life behaviors, including subjective and objective social 
isolation – which were recently exacerbated as a consequence of the COVID pandemic.  
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Methods 
Population cohort 1: United Kingdom Biobank 

The UK Biobank is a prospective epidemiological cohort that offers extensive 
behavioral and demographic assessments, medical and cognitive measures, as well as 
biological samples in 502,506 participants, which were recruited from across Great 
Britain.28 Our study involved the full population sample including 54.4% females, aged 
40-69 years when recruited (mean age 56.5, standard deviation (SD) 8.1 years). The 
present analyses were conducted under UK Biobank application number 25163. All 
participants provided written, informed consent and the study was approved by the 
Research Ethics Committee (REC number 11/NW/0382). Further information on the 
consent procedure can be found elsewhere 
(http://biobank.ctsu.ox.ac.uk/crystal/field.cgi?id=200).  
 
Population cohort 2: Canadian Longitudinal Study of Aging 

CLSA has been launched in 2011 as an independent prospective epidemiological 
cohort, which places a focus on aging trajectories and deep phenotyping.29 This study 
follows a population of 30,097 individuals, including 50.9% females, aged 44-89 at 
enrollment (mean age 63.0, SD 10.3 years), recruited from 11 cities in 10 provinces 
across Canada. The acquisition of baseline data finished in 2015. Ethics approval was 
obtained by the Research Ethics Board at McGill University (REB file #20-05-068). 
 
Data availability 

UK Biobank data are available through a procedure described at 
http://www.ukbiobank.ac.uk/using-the-resource/. All CLSA data are accessible to 
researchers through data access requests at https://clsa-elcv.ca/data-access). 
 
Social isolation target phenotypes 

Studying the role of social lifestyle in ADRD onset should acknowledge 
determinants of both subjective loneliness feelings and objective social support 
frequency. Regarding the loneliness target, we used the yes/no answer from UK 
Biobank participants to the question ‘Do you often feel lonely?’ (data field 2020). In 
CLSA, our loneliness target measure was based on the question ’How often did you feel 
lonely?’, with the positive answer denoting ‘all of the time (5-7 days)’. The need for brief 
loneliness assessments has long been recognized, particularly for inclusion in large 
population-based studies 30. Regarding the social support target, our UK Biobank 
analyses were based on the question ’How often are you able to confide in someone 
close to you?’, as an objective measure of the frequency of social interactions (data field 
2110). Our study modeled lack of social support as less than ’daily or almost daily’ 
(positive answer) against confiding in others more often (treated as negative answer). In 
CLSA, regarding lack of social support, participants were asked the question ’Someone 
to confide in or talk to about yourself or your problems?’, where less than ’all of the time’ 
or ’most of the time’ was modeled as the positive case. 
 
Multivariate decomposition approach 

We used partial least squares (PLS) correlation to examine possible cross-
associations between classical ADRD risk factors and social richness indicators (cf. 
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Supplementary Table 1). As used in our previous work, this technique is particularly 
useful when handling very large and strongly correlated datasets.31 To analyze the 
relationship between the risk traits and the social factors, the observations (here, the 
participant responses) were stored in matrices denoted by � and �, respectively. The 
two sets of linear combinations of the original variables are obtained as follows: 
 

� �  ���� 
� �  ���� 

�� � �� �� � �� 

	�,� � �
�   	�,� � ��� 
�
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where � denotes the number of observations or individuals, � is the number of risk 
traits, � is the number of social factors (7 in the UKBB and 6 in the CLSA), V and U 
denote the respective contributions of � and �, �� and �� denote the respective latent 
‘modes’ of joint variation between patterns in � and patterns in �, 	�,� is the 	th column of 
��, and 	�,�  is the 	th column of ��. The goal of our PLS correlation application was to find 
pairs of latent vectors 	�,� and 	�,� with maximal correlation in the derived latent 
embedding. Since PLS correlation was purely used as an explanatory analysis, 
uncertainty in effect sizes were not measured. 
 
Bayesian regression approach 

Next, to ascertain robust associations between social richness and ADRD risk in 
the wider society, Bayesian hierarchical regression was a natural choice of method,32 
following our previous work at the population level.31, 33, 34 In particular, classical tests for 
statistical significance would only have provided dichotomic statements in form of p-
values against the null hypothesis of no effect in the data.35, 36 Instead, we aimed to 
directly quantify the probabilistic association of dimensions of traditional ADRD 
aetiopathology to social isolation to the extent supported by the observed data, while 
providing coherent estimates of associated uncertainty. 

To this end, our analyses aimed at probabilistic answers to the question ‘How 
certain are we that loneliness/lack of social support is linked to an ADRD risk 
phenotype?’ Our analyses did not ask ‘Is there a strict categorical answer as to whether 
or not a risk phenotype is linked to loneliness or lack of social support?’ In this way, we 
aimed to directly quantify the population uncertainty intervals of risk effects in the 
context of social isolation. The full Bayesian model specification took the following form: 
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where �
 denotes an ADRD risk phenotype of interest (e.g., number of smoked 
cigarettes per day) and � denotes one of the target measures of social isolation (i.e., 
loneliness or lack of social support, cf. above). Details on the full list of examined risk 
traits can be in Supplementary Table 1. The multilevel formulation of the risk trait 
parameter serves flexible adaptation to different data settings. Variation that could be 
explained by participant age or sex was accounted for as potential confounds by the 
nuisance variables �� and ��, respectively. In other words, in the UK Biobank or CLSA 
cohort, for a given risk phenotype of ADRD, we have estimated separate Bayesian 
models for loneliness and lack of social support.  

Approximate posterior integration was achieved by means of Markov Chain 
Monte Carlo (MCMC), which sampled in a random walk towards the joint posterior 
distribution of all quantities at play.32 In 1,000 draws, the approximate parameter 
distributions were improved at each step in the sense of converging to the target 
distribution. At each step of the MCMC chain, the entire set of parameter values 
were estimated to be jointly credible given the data. In the data exploration phase, we 
have inspected model convergence by overlap between the geometry of posterior 
parameter distributions from four independent MCMC chains. We obtained further 
evidence for proper convergence to a stable model solution based on the effect sample 
size and 01 quality criteria. In the model exploitation phase, the final solution was 
computed by a single MCMC chain. 
 
Scientific computing implementation 
 Probabilistic hierarchical modeling and MCMC sampling37 were implemented as 
symbolic computation graphs in the PyMC3 framework  (https://github.com/pymc-
devs/pymc3). Posterior parameter distribution plots were generated by Seaborn 
(https://seaborn.pydata.org/). Missing data was imputed using a nonparametric method 
for the UK Biobank, and a Bayesian method for the CLSA. All analysis scripts that 
reproduce the results of the present study are readily accessible to and open for reuse 
by the reader (http://github.com/banilo/to_be_added_later).  
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Results 
We set out to systematically explore possible links between major ADRD risk 

factors and rarely considered determinants of social isolation. Using a fully probabilistic 
approach, we carefully estimated the degree to which subjective and objective social 
isolation show population associations with established ADRD risk factors in the wider 
society. All our analyses reported in the following have been accounted for variation that 
can be explained by differences in participant age and sex. In the following, we present 
a series analyses of ADRD risk factors in four categories: 1) personal habits & lifestyle 
factors, 2) physical health factors, 3) mental health factors, and 4) societal & external 
factors, in parallel in similar measurements in the UKBB and the CLSA cohorts. 
 
Several rich cross-associations identified between social lifestyle and ADRD risk factors 

We first performed a partial least squares analysis resulting in pairs of canonical 
vectors. The multivariate pattern-learning approach revealed the constellations of 
features that carry consistent associations within both high-dimensional variable sets, 
each comprising many features. The total variance explained of the original data 
matrices, shown separately for risk traits and social measures in Figure 1, is mapped for 
7 PLS modes in the UKBB and 6 PLS modes in the CLSA. The canonical correlation for 
each mode quantified the linear correspondence between the two variable sets based 
on Pearson’s correlation between their canonical variates38. In both cohorts, a majority 
of the risk factors were linked to social lifestyle factors in at least one of the uncovered 
modes of joint variation. 
 

In the UKBB cohort, the first mode, by construction, explained a larger fraction of 
variation than any other mode, with a canonical correlation rho of 0.471 between the 
sets of variables. For the first canonical mode, interindividual differences in social 
richness dominated by loneliness (0.682) and lack of social support (0.437) were 
strongly paired with the personality traits among the ADRD risk factors, and the 
neuroticism score (0.408) in particular. Across the 7 modes, social determinants were 
related to lifestyle factors (e.g., exercise), physical health factors (e.g., hearing aid), 
mental health factors (e.g., personality), and societal factors (e.g., income). In the CLSA 
cohort, the variance in the first mode (rho=0.500) was best explained by interindividual 
differences in loneliness (0.652) and lack of social support (0.512) among the social 
factors, and by watching TV (0.321) and getting a positive screen for depression (0.364) 
for the risk traits. The PLS analysis on the UKBB and the CLSA indicated that the 
examined social determinants reflected the risk factors of ADRD from each of the four 
pillars in at least one of the uncovered modes of joint variation. Across both cohorts, the 
social domain of the first mode – which by construction, explains a larger fraction of 
variation than any other mode – was dominated by loneliness and lack of social support, 
which happen to be the two representative measures of subjective and objective social 
isolation throughout the present paper 
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Figure 1: Widespread cross-associations exist between social deprivation
indicators and traditional risk factors for Alzheimer’s dementias. To gain a
synoptic overview, we initially explored multivariable relationships between sets of
social isolation measures (top row) and sets of usually studied aetiopathological risk
factors (lower row). In 502,506 UK Biobank participants (left column), the leading
explanatory patterns (‘modes’) show that perceived and objective social isolation is
associated with higher neuroticism scores and similar personality styles. In 30,097
CLSA participants (right column), the dominant pattern links loneliness and lacking
social support to TV consumption and depression-related emotional traits. This doubly
multivariate decomposition of two variable sets was obtained from partial least squares
analysis (PLS; cf. methods). Note that this cursory analysis does not attempt to single
out special variables (in contrast to the analyses from Figures 2-5). Overall, this
perspective makes apparent that the majority of examined risk factors may be relate to
some aspect of social lifestyle.  
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Bayesian regression between two determinants of social isolation and ADRD risk 
factors 

Using a fully probabilistic approach, we next carefully estimated the degree to 
which subjective and objective social isolation show population associations with 
established ADRD risk factors in the wider society. Variation that could be explained by 
differences in participant age and sex was accounted for in all our reported analyses. 
The elected model was the same for all considered target risk factors. The full posterior 
parameter distributions – not sampling distributions – from our Bayesian modeling 
solutions for each variable of interest can be found in the Supplemental Material (cf. 
Supplementary Figures 1-4). For brevity, we here report the mean and the 90% highest 
posterior density interval (HPDI) of the model parameters, after seeing the data, which 
contains the 90% most credible parameter solutions in Table 1, summarized in the 
boxplots of Figures 2 to 5. The height of each boxplot refers to the mean value and the 
black error bars indicate the 90% HDPI of the effects of loneliness and lack of social 
support. 
 
Table 1: Mean associations between subjective and objective social isolation and 
ADRD risk factors in the UKBB and the CLSA 
 
Personal Habits & Lifestyle Factors   

UKBB 

Loneliness Lack of Social 
Support 

Mean 5% 
HDPI 

95% 
HDPI Mean 5% 

HDPI 
95% 
HDPI 

Smoking 
 

Current tobacco consumption 0.180 0.175 0.185 0.097 0.092 0.101 
Past tobacco consumption 
 

0.085 0.079 0.092 0.003 -0.001 0.008 

Alcohol Frequency of alcohol 
consumption 

-0.208 -0.213 -0.202 -0.110 -0.114 -0.104 

Alcohol consumption on a 
typical 
drinking day 
 

0.097 0.090 0.106 0.041 0.035 0.048 

Sleep 
Disturbance 
 

Daily sleep duration -0.145 -0.152 -0.139 -0.109 -0.114 -0.104 
Difficulty getting up in the 
morning 

-0.321 -0.328 -0.315 -0.145 -0.150 -0.140 

Morning person -0.097 -0.103 -0.091 -0.065 -0.070 -0.060 
Insomnia or sleeplessness 
 

0.386 0.379 0.392 0.125 0.121 0.130 

Physical 
Exercise 
 

Light – walking for pleasure -0.158 -0.164 -0.152 -0.117 -0.122 -0.112 
Moderate – swimming, cycling, 
keep 
fit, bowling 

-0.001 -0.007 0.004 0.048 0.043 0.052 

Strenuous – strenuous sports -0.020 -0.027 -0.014 0.011 0.006 0.015 
Attending sports club or gym 
 

-0.149 -0.156 -0.143 -0.043 -0.048 -0.037 

Digital 
Technology 

Time spent watching television 0.253 0.247 0.259 0.073 0.068 0.077 
Time spent using the 
computer 
 

-0.014 -0.020 -0.007 -0.007 -0.012 -0.002 

Religious Participation in religious -0.009 -0.015 -0.003 -0.010 -0.014 -0.005 
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Activities activities 

   

CLSA 

Loneliness Lack of Social 
Support 

Mean 
5% 

HDPI 
95% 
HDPI Mean 

5% 
HDPI 

95% 
HDPI 

Smoking Current tobacco consumption 
 

0.202 0.179 0.225 0.256 0.233 0.283 

Alcohol Frequency of alcohol 
consumption 
 

-0.132 -0.157 -0.112 -0.164 -0.191 -0.139 

Sleep 
Disturbance 

Daily sleep duration -0.137 -0.161 -0.117 -0.129 -0.153 -0.104 

Physical 
Exercise 

Light – bowling, shuffleboard, 
badminton, fishing 

-0.009 -0.030 0.013 -0.057 -0.083 -0.029 

Moderate – hunting, skating, 
softball 

-0.043 -0.067 -0.022 -0.065 -0.092 -0.038 

Strenuous – jogging, 
swimming, cycling, skiing 

-0.109 -0.134 -0.088 -0.155 -0.184 -0.128 

Participation in physical 
activities with others 
 

-0.224 -0.245 -0.203 -0.314 -0.340 -0.291 

Digital 
Technology 

Participation in watching 
television 

0.027 0.006 0.051 -0.006 -0.029 0.018 

Participation in using the 
computer 
 

-0.055 -0.076 -0.030 -0.063 -0.088 -0.037 

Religious 
Activities 

Participation in religious 
activities 

-0.032 -0.055 -0.012 -0.116 -0.143 -0.091 

        

        

Physical Health Factors   

UKBB 

Loneliness Lack of Social 
Support 

Mean 
5% 

HDPI 
95% 
HDPI Mean 

5% 
HDPI 

95% 
HDPI 

Cardiovascular 
Conditions 

Heart attack 0.070 0.065 0.076 0.017 0.013 0.022 
Angina 0.081 0.076 0.086 0.018 0.013 0.022 
Hypertension 0.070 0.064 0.076 0.019 0.014 0.023 
Stroke 
 

0.053 0.048 0.059 0.014 0.009 0.019 

Diabetes Diabetes diagnosed by a 
professional 
 

0.119 0.114 0.125 0.040 0.035 0.044 

Hearing 
Impairment 
 

Difficulty hearing with 
background noise 

0.255 0.249 0.261 0.094 0.090 0.099 

Hearing aid user 
 

-0.030 -0.037 -0.022 -0.045 -0.050 -0.040 

Vision 
Impairment 

Glaucoma 0.019 0.013 0.024 0.011 0.005 0.015 
Cataracts 0.035 0.028 0.040 0.026 0.021 0.031 
Macular degeneration 0.013 0.007 0.018 0.008 0.003 0.012 

        

CLSA 
Loneliness Lack of Social 

Support 
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Mean 5% 
HDPI 

95% 
HDPI Mean 5% 

HDPI 
95% 
HDPI 

Cardiovascular 
Conditions 

Heart attack 0.026 0.004 0.047 0.034 0.010 0.055 
Angina 0.054 0.035 0.076 0.048 0.026 0.071 
Hypertension 0.050 0.030 0.073 0.064 0.037 0.088 
Stroke 
 

0.054 0.032 0.073 0.047 0.025 0.067 

Diabetes Diabetes diagnosed by a 
professional 

0.088 0.068 0.110 0.092 0.070 0.116 

Hearing 
Impairment 
 

Difficulty hearing with 
background noise 

0.136 0.116 0.159 0.116 0.093 0.140 

Hearing aid user 0.031 -0.067 0.108 -0.068 -0.146 0.022 

Vision 
Impairment 

Glaucoma 0.054 0.034 0.075 0.046 0.022 0.067 
Cataracts 0.044 0.021 0.073 0.050 0.019 0.078 
Macular degeneration 0.033 0.011 0.056 0.051 0.030 0.073 
Vision aid user 0.097 0.075 0.115 0.115 0.093 0.137 

        

        

Mental Health Factors   

UKBB 

Loneliness Lack of Social 
Support 

Mean 5% 
HDPI 

95% 
HDPI Mean 5% 

HDPI 
95% 
HDPI 

Depression Diagnosed with depression 
 

0.155 0.150 0.160 0.059 0.054 0.064 

Anxiety Feeling nervous, anxious, ‘on-
edge’ 
 

0.290 0.282 0.297 0.112 0.105 0.117 

Happiness Feeling happy 
 

-0.509 -0.517 -0.501 -0.346 -0.352 -0.339 

Personality 
Traits 

Neuroticism score 1.306 1.298 1.314 0.337 0.332 0.343 
Fed-up feelings 0.980 0.973 0.987 0.305 0.301 0.310 
Mood swings 0.804 0.798 0.811 0.242 0.238 0.247 
Miserableness 0.779 0.772 0.786 0.241 0.236 0.246 
Sensitivity / hurt feelings 0.616 0.608 0.623 0.151 0.146 0.156 
Worrier / anxious feelings 0.521 0.514 0.528 0.122 0.117 0.127 
Worry too long after 0.487 0.480 0.493 0.167 0.163 0.172 
embarrassment       
Suffer from 'nerves' 0.497 0.492 0.503 0.158 0.153 0.162 
Tense / 'highly strung' 0.464 0.459 0.470 0.167 0.162 0.172 
Nervous feelings 0.432 0.427 0.438 0.143 0.138 0.147 
Irritability 0.385 0.379 0.390 0.153 0.148 0.157 

        

CLSA 

Loneliness Lack of Social 
Support 

Mean 
5% 

HDPI 
95% 
HDPI Mean 

5% 
HDPI 

95% 
HDPI 

Depression Diagnosed with depression 
 

0.303 0.284 0.324 0.176 0.154 0.199 

Anxiety Feeling anxious, ‘easily upset’ 
 

0.358 0.337 0.378 0.227 0.206 0.253 

Happiness Feeling happy 
 

-0.700 -0.720 -0.678 -0.522 -0.545 -0.500 

Personality Feeling fearful / tearful 0.587 0.568 0.609 0.253 0.230 0.276 
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Traits Could not ‘get going’ 0.541 0.521 0.561 0.324 0.302 0.345 
Feeling hopeless 0.454 0.431 0.475 0.322 0.300 0.345 
Easily bothered 0.450 0.430 0.469 0.232 0.205 0.253 
Feeling worthless 0.436 0.414 0.458 0.296 0.274 0.317 
Feeling nervous 0.406 0.385 0.430 0.250 0.227 0.275 
Feeling tired out 0.402 0.381 0.424 0.288 0.264 0.310 
Feeling restless / fidgety 0.346 0.325 0.367 0.199 0.176 0.224 
Could not calm down 0.263 0.233 0.288 0.210 0.179 0.240 
Could not sit still 0.214 0.185 0.243 0.157 0.123 0.194 

        

        

Societal & External Factors   

UKBB 

Loneliness Lack of Social 
Support 

Mean 
5% 

HDPI 
95% 
HDPI Mean 

5% 
HDPI 

95% 
HDPI 

Social 
Interaction 

Number of people in 
household -0.405 -0.412 -0.395 -0.227 -0.233 -0.221 

Frequency of visits from 
friends / family 

-0.164 -0.171 -0.158 -0.186 -0.191 -0.182 

Friendships satisfaction  -0.377 -0.385 -0.370 -0.279 -0.285 -0.273 
Family relationship 
satisfaction 

-0.387 -0.395 -0.379 -0.349 -0.356 -0.343 

Number of full siblings 0.127 0.122 0.133 0.042 0.038 0.047 
        
Socioeconomic 
Status 

Average household income -0.409 -0.416 -0.402 -0.230 -0.235 -0.225 
Number of vehicles -0.371 -0.378 -0.365 -0.218 -0.223 -0.213 

        
Education Education score 0.222 0.216 0.227 0.075 0.071 0.080 

Age completed high school 0.009 0.002 0.015 -0.018 -0.023 -0.013 
Attending adult education 
classes 0.027 0.021 0.032 0.028 0.023 0.032 

        
Living 
Environment 

Living in urban areas 0.082 0.075 0.088 0.047 0.042 0.051 
Living environment score 0.150 0.143 0.156 0.111 0.106 0.115 

        

CLSA 

Loneliness Lack of Social 
Support 

Mean 5% 
HDPI 

95% 
HDPI Mean 5% 

HDPI 
95% 
HDPI 

Social 
Interaction 

Number of people in 
household 

-0.445 -0.470 -0.415 -0.259 -0.286 -0.227 

Frequency of visits from 
friends / family 

-0.213 -0.232 -0.192 -0.381 -0.403 -0.353 

Number of close friends -0.239 -0.273 -0.208 -0.672 -0.728 -0.620 
Number of siblings 0.023 0.001 0.045 0.038 0.015 0.059 

        

Socioeconomic 
Status 

Total household income -0.471 -0.497 -0.445 -0.469 -0.498 -0.443 

        

Education High school graduated -0.044 -0.066 -0.025 -0.038 -0.062 -0.015 
Higher degree obtained -0.122 -0.144 -0.098 -0.151 -0.176 -0.123 

 Participation in educational or 
cultural activities 

-0.169 -0.191 -0.149 -0.271 -0.295 -0.246 
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Living 
Environment 

Living in urban areas 0.064 0.040 0.088 0.041 0.014 0.066 

        

 
Personal Habits & Lifestyle Factors 

Taken together, our results showed statistically defensible links between both
social determinants and the classical lifestyle risk factors of ADRD, which were
replicated in the 502,506 UKBB and the 30,097 CLSA participants (Figure 2).
Individuals who smoked more, excessively drank alcohol, experienced sleep
disturbances, and failed to frequently participate in light-to vigorous physical activities
were more likely to be lonely and lack social support. In the UKBB, for one unit increase
in the number of cigarettes currently smoked, feeling lonely was 19.7% more likely than
not feeling lonely. In addition, more frequent tobacco smoking corresponded to 10.2%
increase in the odds of weak social support. In the CLSA, increasing regular
participation in physical exercise with other people resulted in 20.1% decrease in the
odds of feeling lonely and 26.9% decrease in having poor social support. Watching TV
showed positive loneliness and weak social support effects. Instead, using the computer
showed negative links with loneliness and poor social support. We also found negative
effects from participating in religious activities on subjective and objective social
isolation. 
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results are expressed as the mean and the 90% highest posterior density interval of the 
model coefficients (black error bars). In both UKBB and the CLSA, loneliness and lack 
of social support are robustly associated with a variety of lifestyle factors, including (A) 
current cigarette smoking, (B) alcohol consumption, (C) sleep duration, and (D) 
participation in physical activities with others. (E) Use of electronic devices and (F) 
participation in religious activities show smaller links to loneliness and weak social 
support. Both subjective and objective social isolation follow similar patterns in their 
associations with behavioural traits across the two cohorts. Sleeplessness has the 
largest effect association with social isolation in this category. 
 
 
Physical Health Factors 

We observed mutually confirmatory results between the CLSA and the UKBB 
among the physical health factors, with greater positive effect sizes on the social 
determinants found in the CLSA for cardiovascular diseases and visions impairments 
(Figure 3). Moreover, we discovered that vision-aid users in the CLSA were more likely 
to feel lonely and lack social support. Diabetes and hearing impairment, both 
recognized risk factors of dementia, showed prominent positive links with subjective and 
objective social isolation across both cohorts. In the UKBB, a unit increase in the 
difficulty to hear with background noise corresponded to a 29.0% increase in the odds 
of feeling lonely and a 9.86% increase in the likelihood of lacking social support. Still 
within the UKBB, individuals who used a hearing aid were less likely to be lonely and 
had weak social support. For the physical health factors in particular, the model 
uncertainty of our effects – indicated by wider posterior parameter distribution – was 
greater in the CLSA, attributable to the smaller set of data available in the CLSA relative 
to the UKBB. 
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poor social support show strong links with several physical health factors, such as (A)
hypertension, (B) diabetes, (C) hearing difficulty with background noise, and (D) being a
vision aid user. Across the two cohorts, hearing difficulty with background noise has the
largest effect association with both subjective and objective social isolation in this pillar
of risk traits. 
 
 
Mental Health Factors 

Collectively, mental health factors revealed strong population associations with
both subjective and objective social isolation (Figure 4). All the different measures of
personality, corresponding to neurotic and depressive behaviours, showed the largest
positive associations with both subjective and objective social determinants, across the
UKBB and the CLSA cohorts. In particular, the neuroticism score in the UKBB showed
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the greatest effect for loneliness and lack of social support. A greater neuroticism score 
accounts for 269.1% increase in the odds of feeling lonely and 40.1% in the odds of 
lacking social support. Further, we observed in both cohorts that feelings of happiness 
had a strong negative relationship with loneliness and poor social support. We also 
found relevant associations between an individual’s social capital and determinants of 
mental distress such as depression and anxiety. 
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Figure 4: Mental health factors show prominent association effects with social
isolation. Bayesian estimation of the posterior probability that a given risk factor relates
to one of two measures of social deprivation: loneliness and lack of social support. For
simplicity, results are expressed as the mean and the 90% highest posterior density
interval for the model coefficients (black error bars). In this category and across the two
datasets, both loneliness and lack of social support show some of the most prominent
links with (A) depression and anxiety, (B) feelings of happiness, and (C) several
measures of personality that play into the stress-buffer capacity of an individual. In
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particular, the neuroticism score has the largest effect association with both subjective 
and objective social isolation among all the examined ADRD risk factors. 
 
 
Societal & External Factors 

Overall, our results revealed that the opportunities for social interactions and the 
quality of these social exchanges held strong effect associations with loneliness and 
lack of social support in both datasets (Figure 5). In both cohorts, we found that 
individuals who shared their home with many people, and frequently participated in 
family or friendship activities were less often lonely and had better social support. In the 
UKBB, individuals who expressed greater satisfaction with their family relationship and 
their friendships revealed that the quality of social exchange also held salient effects on 
loneliness and lacking social support. And in the CLSA, a one unit increase in the 
number of close friends corresponded to 21.3% decrease in the odds of feeling lonely, 
and 48.8% decrease in the odds of lacking social support. However, in both the UKBB 
and the CLSA cohorts, we observed that having a greater number of siblings showed 
positive effects on loneliness and lack of social support. Further, we found salient links 
between the two measures of social isolation and socioeconomic status, measured as a 
combination of income, occupation, and education. In the UKBB, a unit increase in 
household income corresponds to a decrease in the odds of feeling lonely and lacking 
social support by 33.5% and 20.6%, respectively. Finally, in both the UKBB and CLSA, 
living in an urban environment, as opposed to a rural setting, showed a positive 
association with loneliness and poor social support.  
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Figure 5: Societal risk factors exhibit salient association effects with social
isolation. Bayesian estimation of the posterior probability that a given risk factor relates
to one of two measures of social deprivation: loneliness and lack of social support. For
simplicity, results are expressed as the mean and the 90% highest posterior density
interval for the model coefficients (black error bars). In the UKBB and the CLSA
datasets, loneliness and lack of social support show strong associations with several
societal factors, including (A) the number of people living the household and the number
of close friends, (B) household income, and (C) graduating from high school and
obtaining higher degrees. (D) Living in an urban environment is also negatively linked
with both measures of social deprivation.  
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Discussion 
The present study brings into sharp focus the multifaceted nature of inter-

relationships between social isolation and major ADRD risk factors. Our collective 
findings suggest that both perceived and factual social capital – loneliness and lack of 
social support – are consistently associated with classical ADRD risk factors, after 
accommodating effects for age and sex differences. To the best of our knowledge, this 
is the first study that explicitly targeted possible links between social isolation and a 
comprehensive array of most studied risk factors of ADRD, which we have here 
demonstrated using data from two nationally representative population cohorts of older 
adults from two different countries. 

Among the examined measures of personal habits and lifestyle factors, sleep 
serves as a prototypical representative that showed several, and some of the largest, 
associations with social isolation, which successfully replicated across the UK Biobank 
and the CLSA cohorts. We found that all our measures of sleep disturbance had strong 
associations with loneliness and lack of social support across both cohorts. Similar to 
our findings, objective social isolation and self-reported loneliness have previously been 
linked to reduced sleep efficiency and poor sleep quality.39-42 Other investigators have 
hypothesized that perceived social isolation relates to hypervigilance for social threats,20 
which in turn increases anxiety and reduces sleep quality. Consistent with this idea, 
many reports have shown that feelings of loneliness and reduced social support occur 
especially in individuals who report higher stress levels.43-45 Stress pile-up and 
emotional coping have been argued previously to contribute to the underlying reasons 
why lonely people are more often smokers,46 binge drinkers,47 and binge-watchers.48, 49 
Interpersonal buffering, such as provided by subjective and objective social support, 
have been argued to be important psychosocial resources to cope with stressors.46, 50 
There is a growing body of evidence that sleep disturbance,51 smoking cigarettes,52, 53 
excessive alcohol consumption,54 and excessive television viewing55, 56 are all linked to 
cognitive decline and the development of ADRD. Our findings across two large cohorts 
showed that these potentially modifiable lifestyle factors that affect the onset of 
dementia have large effect associations with both loneliness and lack of social support. 

Charting a series of physical health factors, notably cardiovascular conditions, 
diabetes, and physical exercise, we have shown all to feature some link to social 
isolation status, which corroborated across both cohorts. Our results are in line with 
existing research showing a detrimental effect of objective social isolation on 
subsequent dementia through cardiovascular pathways, by increasing the risk of 
hypertension57 and coronary heart disease.58 There is accumulating evidence that 
associates heart disease risk factors – diabetes, hypertension, obesity, smoking 
cigarettes – with late-life risk of cognitive impairment and dementia.59, 60 Moreover, 
participation in physical activities has been associated with better vascular health and 
lower risks of high cholesterol and diabetes,61 and regular physical exercise has 
repeatedly been shown to significantly reduce the risk of developing of dementia. Aside 
from the cardiovascular benefits, we explicitly showed that the social aspect of physical 
exercise was also important in relation to loneliness and social support. Consistent with 
our results, one study found that aerobic physical activities done alone did not seem to 
have any cognitive benefits in 754 healthy older adults.62  
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Among the considered mental health factors and all our examined measures in 
general, we found personality traits to feature the largest effect associations with social 
isolation, replicated across both cohorts. Our previous research has also shown a 
relation between personality traits and social isolation in genome-wide assessments in 
the UK Biobank.12 The neuroticism score, which reflects a person’s level of emotional 
volatility and vulnerability to stress, showed one the strongest effect size for loneliness 
and lack of social support, in the context of all the examined ADRD risk factors. Greater 
levels of late-life neuroticism have been previously associated with higher risk of 
developing mild cognitive impairment63 and dementia.64-66 Hostinar & Gunnar67 showed 
that through a phenomenon termed the social buffering of stress, specific personality 
traits can affect an individual’s susceptibility to the effects of stressors, while social 
support can dampen physiological stress responses.68  

By the same token, the well-established ‘cognitive reserve’ hypothesis claims 
that intellectual enrichment provides a cognitive buffer to deal with injuries to the 
nervous system,69 which is an overarching theme among the societal factors In our rich 
datasets, we had the opportunity to concurrently examine the possible associations of 
numerous factors related to cognitive load, including education levels, socioeconomic 
status, computer use, sensory impairment, and different aspects of social interaction. 
Although, the relationship between social isolation and cognitive reserve is only now 
receiving increasing attention,70-72 we found consistently striking associations between 
these potentially modifiable societal factors and both loneliness and lack of social 
support, paralleled across two large cohorts, despite the slight difference in measures 
examined for the same construct between the two cohorts. Other investigators have 
suggested that interventions targeting social isolation and promoting a socially active 
lifestyle in later life may enhance cognitive reserve and reduce the risk of dementia.71 

Given the current conceptual framework of this paper, our discussion revolves 
around dementia more broadly rather than Alzheimer’s disease in particular. In line with 
recent research on different biomarkers combinations in individual ADRD prognosis,73 
our results  also open the possibility for individual differences in the combinations of 
ADRD risk markers that are impacted by either or both subjective and objective social 
isolation. As our main contribution to the dementia literature, our study offers a 
comprehensive overview of the wide-ranging population-level associations between 
social deprivation and many ADRD risk factors.  
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Conclusion 
Our understanding about the implications of social isolation on ADRD remains in 

its infancy relative to the current evidence on other classical risk factors. However, our 
findings show a large array of associations between these potentially modifiable risk 
factors and both loneliness and lack of social support. Our collective findings 
underscore the importance of exploring subjective and objective social isolation in depth 
to inform policy interventions, especially among the elderly. Compared to other ADRD 
risk factors, such as ApoE4 genotype, social isolation is arguably easier to modify, and 
therefore, particularly promising to target and alter. As the persistence of the COVID-19 
pandemic continues to force imposition of social distancing measures, research on 
these complex multiscale social phenomena may pave the way to address the two 
global public health priorities, separately recognized by the World Health Organization: 
ADRD and social isolation. 
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