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Abstract

Background Cardiovascular disease (CVD) is a major health concern for middle-aged and older adults, with lifestyle
and metabolic risk factors well-studied. However, the role of psychosocial factors in CVD remains underexplored.

Objective This study aims to delve into the connection between psychosocial factors and the occurrence of CVD.

Methods We utilized data from the UK Biobank, a large-scale study covering adults aged 38 to 73 recruited from
various centers across the UK between 2006 and 2010. We employed Cox proportional hazards models to analyze the
relationship between social isolation, loneliness, and incident CVD. CVD diagnoses were confirmed through hospital
records and death-register data. Additionally, we conducted mediation analyses to assess the impact of low-grade
inflammation.

Results The study encompassed 427,942 participants free from CVD, 55.8% of whom are women. High levels of social
isolation and loneliness were linked to a higher risk of CVD (HRs 1.11,95% Cl 1.06-1.16; HRs 1.17,95% Cl 1.11-1.23).
Depression also emerged as a predictor of CVD onset (HRs 1.25,95% Cl 1.19-1.31), with each psychosocial factor
independently contributing to increased CVD risk. Mediation analyses pinpointed inflammation as a crucial mediator,
especially for loneliness (indirect effect proportion: 4.7%).

Conclusions This study underscores the significance of psychosocial factors in relation to CVD. Integrating
assessments for social isolation, loneliness, and depression into routine healthcare could potentially aid in CVD
prevention among middle-aged and elderly individuals.

Lay summary This study underscores the significance of psychosocial factors in relation to CVD, emphasizing the
association between social isolation or loneliness and the heightened risk of CVD.
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Introduction
Cardiovascular disease (CVD) stands as a paramount
global health challenge, profoundly impacting individu-
als aged 40 and above. Despite substantial therapeutic
advancements, CVD claimed 17.9 million lives in 2019,
representing a 25.1% increase since 2000 [1]. The pro-
jection anticipates around 24 million death by 2030 [2],
with a notable rise in the age-standardized rate of CVD
in middle-aged and older adults, reflecting the normative
physiological changes associated with aging—over 70% of
adults develop CVD by 70 years of age [3,4].
Traditionally, CVD has been recognized as a Metabolic
and lifestyle related disease, with extensive attention paid
to factors like body weight, diet habits, physical activ-
ity, smoking, blood pressure, and cholesterol level [5-9].
However recent studies have shown a significant link
between mental health and personality traits and CVD
[10-12]. For instance, Kang et al. (2023) discussed the
mental health of CHD patients using data from the UK
Household Longitudinal Study [13], and another study
by Kang (2024) explored the associations between the
big five personality traits and clinical diagnosis of angina
[14]. Social isolation and loneliness, often marginalized
in discussions on chronic diseases, emerges as compel-
ling yet underexplored variables. Acknowledging this, the
World Health Organization (WHO) recently instituted a

Commission on Social Connection, emphasizing social
isolation as a pressing health threat. The WHO contends
that the absence of social connection carries a risk equiv-
alent to, or even greater than, other well-known risk fac-
tors [15]. Middle-aged and older adults, often grappling
with altered diet, limited physical activity and diminished
social contact, face an increased risk of social isolation or
loneliness, with one-third projected to experience vary-
ing degrees of social isolation or loneliness later in life
[16].

This comprehensive perspective is vital for a more
precise understanding of cardiovascular risk factors and
their association with the risk of CVD. Nevertheless, the
intricate association between social isolation, depression
and CVD remain inadequately understood, creating a
critical gap in knowledge. This study aims to bridge these
gaps, focusing on unraveling novel dimensions of the
connection between older adults, social isolation, loneli-
ness, and CVD. By positioning social isolation and loneli-
ness, as focal points, we seek to provide insights into the
role of social and emotional elements in shaping disease
outcomes. This study is motivated by the recognition that
an individual’s psychosocial well-being may contribute
significantly to the complex trajectory of CVD within
middle-aged and older adults.
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Additionally, we aim to explore the mechanism under-
pinning the incidence of CVD. Most individuals develop
inflamm-aging, a condition characterized by elevated
levels of blood inflammatory markers, heightening sus-
ceptibility to chronic morbidity, disability, frailty, and
premature death [17]— a critical factor in the develop-
ment of CVD and atherosclerosis [18]. This subclinical
condition, characterized by elevated levels of inflamma-
tory biomarkers without obvious clinical symptoms [17],
potentially serves a pathophysiological process linking
older subjects at high risk to an increased risk of CVD
[Fig. 1].

Therefore, based on the literature and the framework
outlined above, our study proposes the following hypoth-
eses: primary hypothesis——increased social isolation
and loneliness will be associated with a higher incidence
of CVD among middle-aged and older adults, indepen-
dent of traditional risk factors; secondary hypothesis——
the mediation analysis will reveal that inflammation
partially mediates the relationship between social isola-
tion, loneliness, and CVD risk. In this study, we investi-
gated the prospective associations of the social isolation
and loneliness with CVD risk in participants, particularly
comparing their relative importance to traditional risk
factors (e.g. lifestyle factors and metabolic risk factors) in
CVD risk. Moreover, we evaluate the mediation role of
inflammation in relation to CVD risk.

Methods

Study design and participants

Our study leverages the expansive and diverse UK Bio-
bank, a resource established between 2006 and 2010, fea-
turing a cohort exceeding 500,000 participants aged 38
to 73 [19]. Recruitment efforts extends across a 35-mile
radius, encompassing 22 assessment centers in England,
Scotland, and Wales, and this radius aimed to ensure
accessibility for participants residing within these areas
to the assessment centers. Baseline assessments were
thorough, gathering both questionnaire responses and
biological data. The UK Biobank’ questionnaire was
developed by a research team consisting of several peo-
ple. The intention was to create a composite question-
naire out of previously existing and validated measures,
taking into account participant acceptability, scope for
collaborations with international studies through mak-
ing results comparable, and the need to balance depth
and breadth of phenotyping. Ethical approval for this
study was secured from the UK North West Multi-Cen-
tre Research Ethics Committee (reference number 11/
NW/0382), ensuring adherence to rigorous ethical stan-
dards. Under application number 95,180, our research,
unfolds prospectively, focusing on individuals without
pre-existing CVD at baseline. To uphold transparency
and reliability in reporting, we strictly adhere to STROBE
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guidelines [20]. In this investigation, we restricted to UK
Biobank participants who manifested no signs of CVD
at baseline (1=427,942). Exclusions comprised 151 par-
ticipants without CVD diagnosis time, 7,589 participants
with prior CVD diagnoses and 66,682 participants with
missing confounder data [see Additional file 1 Figure S1].

Exposure and outcome

Data on social isolation and loneliness were gathered
through a touchscreen questionnaire developed and
administered by the UK Biobank. To provide trans-
parency and facilitate further investigation, we have
included a direct link to the questionnaire on the UK
Biobank website in the Data Availability section for read-
ers’ access. The evaluation of social isolation incorpo-
rated three social isolation factors: household size, social
activities involvement, and frequency of friends or fam-
ily visits. Household size was collected via a self-report
question: “Including yourself, how many people are liv-
ing together in your household?’] social activities involve-
ment was collected via a self-report question: “Which of
the following leisure/social activities do you engage in
once a week or more often?; and frequency of friends
or family visits was collected via a self-report question:
“How often do you visit friends or family or have them
visit you?” High-risk social isolation factors were defined
as follows: living alone, never engaging in leisure or social
activities, never or less than once per month receiving
friends’ visits [21-23]. Participants meeting two or more
of these criteria were classified as experiencing high-risk
social isolation. To evaluate loneliness, two primary fac-
tors were considered: self-reported feelings of loneliness,
and the frequency of confiding in others. Loneliness was
collected via a self-report question: “Do you often feel
lonely?’, and the frequency of confiding in others was col-
lected via a self-report question: “How often are you able
to confide in someone close to you?” High-risk loneliness
factors were defined as follows: persistent experiences of
loneliness and infrequent confiding in a close friend (less
than once per month) [21-23].

We utilized pre-identified outcomes for CVD. These
outcomes were derived through algorithmic combina-
tions of coded information from linkage of three primary
data sources: the baseline assessment data collection of
the UK Biobank (which encompassed self-reported med-
ical conditions, operations, and medications), linked data
from hospital admissions (encompassing diagnoses and
procedures), and information from death registries.

Confounders

Our analytical framework included a comprehensive
array of confounders, guided by insights from prior
research on the risk factors of CVD [1,6-8,22,24], tak-
ing into account the possession of variable data in the UK
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Biobank database to finalize the confounders included
in our study. This approach ensured that our analysis
included relevant and comprehensive confounders. The
selected confounders encompass a wide range of partici-
pant demographics and health-related factors at baseline,
including age, sex, ethnicity, educational background,
deprivation index, and body mass index (BMI). Mental
health status was thoroughly considered, encompass-
ing variables such as depression, loneliness, and social
isolation. Health behaviors were also factored in, includ-
ing smoking status, alcohol use, physical activity, sleep
duration, dietary habits, and salt use. Additionally, the
presence of specific diseases at baseline, such as family
history of stroke, family history of heart disease, diabe-
tes, hypertension, as well as the use of medications for
diabetes, hypertension, and hyperlipidemia, were taken
into account. To address potential variations related to
seasonal influences on self-reported measures of social
connection, the month of assessment was incorporated
as a covariate in the statistical analysis [25,26]. A detailed
description of the collection and definitions of these con-
founders is provided in the appendix [see Additional file
1 Table S1].

Measuring low-grade inflammation

In evaluating the magnitude of low-grade inflamma-
tion, we employed the Low-Grade Inflammation Score
(INFLA-score), a composite index tailored explicitly to
measure the intensity of low-grade inflammation [27].
This score incorporates four well-established inflamma-
tory biomarkers: C-reactive protein (CRP), white blood
cell count, platelet count, and the neutrophil-to-lym-
phocyte ratio (NLR). The computation of the INFLA-
score involves assigning each of these four components a
value within the range of -4 to 4, reflecting their respec-
tive deciles. Subsequently, the individual scores of these
components are summated, yielding a cumulative score
that spans from —16 to 16 (refer to Supplementary Table
3 for details). A heightened INFLA-score indicates an
increased level of low-grade inflammation.

Statistical analysis

Our analytical endeavor commenced with an explo-
ration of the baseline characteristics within the study
population. For categorical variables, proportions were
presented, while means along with standard deviations
were reported for continuous variables. Our primary
objective was to investigate the association between
social isolation or loneliness and the risk of CVD. This
exploration spanned the entire study population, utilizing
Cox proportional hazards regression models to estimate
hazard ratios (HRs) and 95% confidence intervals (CI) for
the relationship between social isolation, loneliness, and
the risk of CVD.
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The validation of the proportional hazard assumption
was conducted through log cumulative hazard plots [see
Additional file 1 Figure S9-14], which revealed parallel
hazard curves for groups with and without social isola-
tion or loneliness, affirming the assumption’s validity.
Follow-up time was defined from the recruitment date to
the endpoint, encompassing CVD diagnosis, death, loss
to follow-up, or the conclusion of follow-up on the lat-
est available hospital admission and mortality data (19
December 2022), whichever transpired first.

To estimate the effect size of social isolation and lone-
liness on CVD risk, a systematic step-by-step approach
for confounders adjustment was adopted, progressively
including variables to address potential confounders. All
variables were adjusted in their original form without
categorization. This approach was applied to continuous
variables such as BMI and age, as well as categorical vari-
ables like ethnicity, smoking status, and alcohol intake.
Our fully adjusted Model 4 comprehensively considered
various confounders, including age, sex, ethnicity back-
ground, education, deprivation index, BMI, month of
assessment, depression, smoking status, alcohol drink
frequency, physical activity, sleep duration, diet, salt con-
sumption, family history of stroke, family history of heart
disease, diabetes, hypertension, diabetes medication use,
hypertension medication use, and hyperlipidemia medi-
cation use.

Furthermore, to ensure consistency in our analysis, we
used the same form of variables across both the forest
plot and Cox regression analyses. The forest plot visually
represents the hazard ratios and confidence intervals for
each covariate, providing a clear summary of the effects
of social isolation and loneliness on CVD risk.

Additionally, we explored the potential mediation effect
of low-grade inflammation on the association between
social isolation or loneliness and CVD risk. The media-
tion analysis followed a regression-based approach [28]
to estimate the indirect effect of social isolation or loneli-
ness on CVD through low-grade inflammation. Specifi-
cally, we applied the widely empolyed mediation formula
method [28-30], adjusting for a comprehensive set of
confounders identified from the literature as potential
confounders. This method involved:

a) Estimating the total effect of social isolation or
loneliness on CVD risk; b) Assessing the effect
of social isolation or loneliness on low-grade
inflammation; c) Evaluating the effect of low-
grade inflammation on CVD risk, adjusting for
the exposure (social isolation or loneliness) and
other confounders. The indirect effect of social
isolation or loneliness on CVD risk through low-
grade inflammation was calculated as the product
of the effect of social isolation or loneliness on
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inflammation and the effect of inflammation on
CVD risk. The proportion of mediation was obtained
by dividing the indirect effect by the total effect. All
confounders included in the multivariate-adjusted
Cox regression model (Model 4) were similarly
adjusted in the mediation analyses to control for
potential confounding effects.

In our pursuit of robust and reliable findings, an array
of sensitivity analyses was undertaken. These analy-
ses explored the influence of including only CVD cases
occurring at least 2 or 5 years since baseline, thereby
minimizing potential reverse causality effects. Stratified
analysis was performed for age (=38 to <50 years, = 50
to <60 years, = 60 to <70 years and =70 to <73 years),
sex (female, male), education (with or without/below
university degree), Townsend deprivation index, depres-
sion status (with or without depression), smoking (never,
current, previous), alcohol consumption (never/spe-
cial occasions only, one to three times a month/once or
twice a week, three or four times a week / daily or almost
daily), physicial activity (yes, no), and sleep duration
(<7 h, 7-8 h and >8 h). Additionally, a competing risk
analysis was conducted, considering death as a compet-
ing event. Finally, interaction effects of behaviors (such
as smoking) and morbidity status (depression, diabetes,
and hypertension) with social isolation and loneliness on
the risk of CVD were examined by introducing a prod-
uct interaction term to the model. The significance of the
interaction effect was determined by calculating pvalues
through comparing models with and without the added
product interaction. All statistical analyses were executed
using R software, version 4.2.1, and a two-sided pvalue
of 0.05 or less was considered indicative of statistical
significance.

Results

Following the exclusion of individuals with missing data
and baseline CVD, our analysis focused on 427,942 par-
ticipants. Among them, there were 20,608 incident CVD
cases, including 7,972 incident stroke cases and 12,742
incident myocardial infarction cases. Participants were
stratified into social isolation and loneliness groups to
examine CVD risk over a median follow-up of 13.8 years
[Table 1]. The average survival time was 10.7 (10.6—10.8)
years for CVD, 7.5 (7.4-7.6) years for stroke, and 12.6
(12.5-12.7) years for myocardial infarction [see Addi-
tional file 1 Figure S15-20], with incidence rates of 360.0,
139.3, and 222.6 per 100,000 person-years, respectively.
Participants, with a mean age of 56.8 years (SD 8.1), com-
prised 55.8% females and 44.2% males. A predominant
95.6% identified as White. The prevalence of social isola-
tion was higher among older adults and males. Specifi-
cally, 8.5% of participants aged 60-70 years and 8.9% of
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those aged 70-73 years reported social isolation, com-
pared to 7.9% of those aged 38-50 years. Additionally,
9.2% of males reported social isolation versus 8.3% of
females.

Those identified as high risk of CVD during follow-up
(20,608 CVD cases) were more likely to be older (3.6%
vs. 7.1% in 50—60 years group and 60—70 years group), of
Asian ethnicity (6.2% vs. 4.8% White), with lower educa-
tion (5.4% vs. 3.6% university degree), current smokers
(7.7% vs. 3.8% never-smokers), frequent salt intake (6.6%
vs. 4.5% never/rarely add salt), and having depression
(5.4% vs. 4.8%), diabetes (11.7% vs. 4.5%), or hypertension
(8.1% vs. 3.7%).

In the multivariable model, social isolation and loneli-
ness emerged as significant influencers of CVD risk. The
HRs for CVD were 1.11 (95% CI: 1.06 to 1.16) and 1.17
(95% CI: 1.11-1.23) for social isolation and loneliness,
respectively. Consistent findings extended to CVD sub-
types like stroke and myocardial infarction [Table 2]. The
forest plot highlighted increased CVD risk for partici-
pants using insulin, diagnosed with diabetes, hyperten-
sion, and depression [see Additional file 1 Figure S2-4],
with HRs of 1.68 (95% CI: 1.54 to 1.85), 1.35 (95% CI: 1.28
to 1.42), 1.28 (95% CI: 1.23 to 1.34), and 1.25 (95% CL
1.19 to 1.31), respectively. Sensitivity analyses affirmed
result robustness, maintaining consistency across scenar-
ios [see Additional file 1 Table S2-4].

Stratified analysis revealed that social loneliness and
loneliness were more significant for CVD risk in vulner-
able groups—specifically, old age, female gender, low
socioeconomic status, lower education levels, alcohol
drinkers, current smokers, physically inactive, and sleep-
deprived [see Additional file 1 Table S5-13]. Statistically
significant interactions were noted for depression, smok-
ing, diabetes, hypertension, and CVD. Associations were
particularly prominent in high-risk groups, such as those
with depression, current or previous smokers, and previ-
ous diseases. The combined exposure to social isolation
and loneliness heightened these interactions beyond the
effects of the individual exposures [see Additional file 1
Figure S5-8].

In mediation analyses, inflammation played a pivotal
role, mediating 4.5% of the total effect on CVD risk for
loneliness [Table 3]. This underscores the intricate rela-
tionship between psychosocial factors and CVD, suggest-
ing inflammation as a key mechanistic link.

Discussion

CVD presents a formidable global health challenge,
demanding nuanced exploration to decipher the intrica-
cies of risk factors [1]. In our study focused on individu-
als aged 38 and above, we delved into the multifaceted
dimensions of CVD risks beyond conventional metabolic
parameters [3,9,24].
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Table 1 Characteristics of cardiovascular health study participants at baseline by social psychological status (Page 11)

Total Social isolation Loneliness Cardiovascular disease
(N=427,942)
Age, years
>38to <50 96,760(22.61%) 7,682(7.94%) 6,187(6.39%) 1,777(1.84%)
>50to <60 142,944(33.40%) 13,508(9.45%) 9,292(6.50%) 5,148(3.60%)
>60to <70 180,115(42.09%) 15,362(8.53%) 9,709(5.39%) 12,762(7.09%)
>70to <73 8,123(1.90%) 724(8.91%) 386(4.75%) 921(11.34%)
Sex
Male 189,058(44.18%) 17,338(9.17%) 11,706(6.19%) 12,946(6.85%)
Female 238,884(55.82%) 19,938(8.35%) 13,868(5.81%) 7,662(3.21%)
Ethnicity
White 409,247(95.63%) 34,996(8.55%) 23,887(5.84%) 19,799(4.84%)
Mixed 2,336(0.55%) 298(12.76%) 193(8.26%) 77(3.30%)
Asian or Asian British 6,216(1.45%) 567(9.12%) 559(8.99%) 387(6.23%)
Black or Black British 5,887(1.38%) 792(13.45%) 583(9.90%) 202(3.43%)
Chinese 1,061(0.25%) 173(16.31%) 59(5.56%) 24(2.26%)
Other ethnic group 3,195(0.75%) 450(14.08%) 293(9.17%) 119(3.72%)
Townsend deprivation index
Q1 106,131(24.80%) 5,686(5.36%) 4,907(4.62%) 4,621(4.35%)
Q2 107,400(25.10%) 6 934(6 46%) 5,337(4.97%) 5,001(4.66%)
Q3 107,345(25.08%) 15(8.58%) 6,194(5.77%) 5,047(4.70%)
Q4 107,066(25.02%) 1 5,441 (14.42%) 9,136(8.53%) 5,939(5.55%)
Education
With university or college degree 145,436(33.98%) 11,735(8.07%) 6,722(4.62%) 5,233(3.60%)
Without / below university degree 282,506(66.02%) 25,541(9.04%) 18,852(6.67%) 15,375(5.44%)
BMI, kg/m?
<185 2,203(0.51%) 340(15.43%) 176(7.99%) 85(3.86%)
>185to <25 142,993(33.41%) 12,023(8.41%) 7,363(5.15%) 4,876(3.41%)
>25t0 <30 181,925(42.51%) 14,450(7.94%) 10,170(5.59%) 9,324(5.13%)
>30 100,821(23.56%) 10,463(10.38%) 7,865(7.80%) 6,323(6.27%)
Month of assessment
January 30,223(7.06%) 2,578(8.53%) 1,792(5.93%) 1,498(4.96%)
February 35,469(8.29%) 3,044(8.58%) 2,070(5.84%) 1,690(4.76%)
March 42,375(9.90%) 3,780(8.92%) 2,496(5.89%) 1,987(4.69%)
April 37,060(8.66%) 3,134(8.46%) 2,246(6.06%) 1,742(4.70%)
May 43,759(10.23%) 3,850(8.80%) 2,749(6.28%) 2,021(4.62%)
June 43,652(10.20%) 3,986(9.13%) 2,661(6.10%) 13(4.84%)
July 36,347(8.49%) 3,283(9.03%) 2,227(6.13%) 1 762(4 85%)
August 32,064(7.49%) 2,878(8.98%) 1,950(6.08%) 1,634(5.10%)
September 30,853(7.21%) 2,520(8.17%) 1,755(5.69%) 1,451(4.70%)
October 36,320(8.49%) 3,046(8.39%) 2,074(5.71%) 1,778(4.90%)
November 35,697(8.34%) 3,079(8.63%) 2,145(6.01%) 1,703(4.77%)
December 24,123(5.64%) 2,098(8.70%) 1,409(5.84%) 1,229(5.09%)
Depression
Yes 34,904(8.16%) 4,688(13.43%) 4,672(13.39%) 1,904(5.45%)
No 393,038(91.84%) 32,588(8.29%) 20,902(5.32%) 18,704(4.76%)

Alcohol intake frequency
Never

Special occasions only

One to three times a month
Once or twice a week
Three or four times a week
Daily or almost daily
Smoking status

30,721(7.18%)
47,064(11.00%)
47,933(11.20%)
111,474(26.05%)
101,773(23.78%)
88,977(20.79%)

4,607(15.00%)
6,860(14.58%)
5,636(11.76%)
7,793(6.99%)
5,790(5.69%)
6,590(7.41%)

2,649(8.62%

3,967(8.43%

3,459(7.32%

6,288(5.64%

4,553(4.47%
(

)
)
)
)
)
4,658(5.24%)

1,942(6.32%
2,632(5.59%
2,158(4.50%
5,042(4.52%
4,351(4.28%

)
)
)
)
)
4,483(5.04%)
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Total Social isolation Loneliness Cardiovascular disease
(N=427,942)

Never 238,258(55.68%) 18,442(7.74%) 12,911(5.42%) 9,176(3.85%)

Current 42,868(10.02%) 6,636(15.48%) 4,187(9.77%) 3,321(7.75%)

Previous 146,816(34.31%) 12,198(8.31%) 8,476(5.77%) 8,111(5.52%)

Regular physical activity
Yes

No

Sleep duration

<7 hours

7-8 hours

>8 hours

Diet

Regular meat-eaters

Low meat-eaters
Fish-eaters

Vegetarians

Salt added to food
Never/rarely

Sometimes

Usually

Always

Family history of stroke
Yes

No

Family history of heart disease

Yes

No

Diabetes

Yes

No
Hypertension
Yes

No

Use of insulin
Yes

No

Use of blood pressure medication

Yes
No

Use of cholesterol lowering medication

Yes
No

260,614(60.90%)
167,328(39.10%)

103,112(24.09%)
293,390(68.56%)
31,440(7.35%)

10,538(2.46%)
398,934(93.22%)
10,696(2.50%)
7,774(1.82%)

239,543(55.98%)
119,541(27.93%)
49,332(11.53%)
19,526(4.56%)

114,068(26.66%)
313,874(73.34%)

186,324(43.54%)
241,618(56.46%)

20,098(4.70%)
407,844(95.30%)

107,498(25.12%)
320,444(74.88%)

4,051(0.95%)
423,891(99.05%)

80,384(18.78%)
347,558(81.22%)

63,484(14.83%)
364,458(85.17%)

17,957(6.89%)
19,319(11.55%)

11,717(11.36%)
22,403(7.64%)
3,156(10.04%)

1,226(11.63%)
33,830(8.48%)
1,210(11.31%)
1,010(12.99%)

20,673(8.63%)
9,982(8.35%)
4,395(8.92%)
2,226(11.40%)

10,358(9.08%)
26,918(8.58%)

16,086(8.63%)
21,190(8.77%)

2,559(12.73%)
34,717(8.51%)

10,654(9.91%)
26,622(8.31%)

578(14.27%)
36,698(8.66%)

7,950(9.89%)
29,326(8.44%)

6,397(10.08%)
30,879(8.47%)

14,196(5.45%)
11,378(6.80%)

9,271(8.99%)
14,241(4.85%)
2,062(6.56%)

921(8.74%)
23,469(5.88%)
665(6.22%)
519(6.68%)

13,686(5.71%)
6,906(5.78%)
3,226(6.54%)
1,756(8.99%)

7,120(6.24%)
18,454(5.88%)

11,578(6.21%)
13,996(5.79%)

1,854(9.22%)
23,720(5.82%)

7,398(6.88%)
18,176(5.67%)

467(11.53%)
25,107(5.92%)

5,426(6.75%)
20,148(5.80%)

4,411(6.95%)
21,163(5.81%)

11,990(4.60%)
8,618(5.15%)

5,494(5.33%)
13,048(4.45%)
2,066(6.57%)

529(5.02%)
19,552(4.90%)
303(2.83%)
224(2.88%)

10,710(4.47%)
5,864(4.91%)
2,751(5.58%)
1,283(6.57%)

6,373(5.59%)
14,235(4.54%)

10,626(5.70%)
9,982(4.13%)

2,348(11.68%)
18,260(4.48%)

8,692(8.09%)
11,916(3.72%)

611(15.08%)
19,997(4.72%)

7,130(8.87%)
13,478(3.88%)

5,933(9.35%)
14,675(4.03%)

Our baseline analysis unearthed a distinctive risk pro-
file among older adults experiencing social isolation. This
group exhibited correlations with lower education, socio-
economic status, obesity, depression, higher proportions
of current smokers, alcohol drinkers, lack of physical
activity and individuals with shorter sleep duration, and
diabetes. These findings align with existing research,
emphasizing the interplay between unfavorable socio-
economic and lifestyle factors and the heightened risk of
social isolation and loneliness [10,31-33]. The distinct

risk profile observed among socially isolated individuals
aged 38 and above sheds light on the complex interplay
of sociodemographic and lifestyle factors. In published
stuides, emotional repercussions, including fear and anx-
iety, can arise, prompting individuals to withdraw from
social interactions [34,35]. Our findings underline the
emotional toll, including heightened fear and anxiety, as
additional dimensions influencing social isolation in this
age group. This broader understanding emphasizes the
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Table 2 Association of social isolation and loneliness with incident cardiovascular disease (Page 12)

Hazard ratios (95% Cl)

Non-adjusted model Model 11! Model 212! Model 331 Model 4141
Social isolation
(@YD) 1.30(1.25-1.36) 1.19(1.14-1.24) 1.17(1.12-1.22) 1.12(1.07-1.17) 1.11(1.06-1.16)
Stroke 1.26(1.18-1.35) 1.17(1.09-1.25) 1.15(1.07-1.23) 1.13(1.05-1.21) 1.11(1.03-1.20)
Myocardial infarction 1.33(1.26-1.40) 1.21(1.15-1.28) 1.18(1.12-1.25) 1.12(1.06-1.18) 1.11(1.05-1.18)
Loneliness
[@Y/p) 1.30(1.24-1.36) 1.26(1.20-1.33) 1.20(1.14-1.27) 1.18(1.12-1.25) 1.17(1.11-1.23)
Stroke 1.23(1.13-1.33) 1.22(1.12-1.32) 1.18(1.09-1.28) 1.17(1.07-1.27) 1.15(1.05-1.25)
Myocardial infarction 1.35(1.27-1.43) 1.29(1.21-1.37) 1.22(1.14-1.30) 1.19(1.12-1.27) 1.17(1.10-1.25)

[1] Model 1 was adjusted for age, sex, ethnicity, education, Townsend deprivation index, BMI and month of assessment.

[2] Model 2 was adjusted for model 1 criteria plus depression, loneliness or social isolation.

[3] Model 3 was adjusted for model 2 criteria plus smoking status, frequency of alcohol consumption, physical activity, sleep duration, diet and salt.

[4] Model 4 was adjusted for model 3 criteria plus family history of stroke, family history of heart disease, diabetes, hypertension, use of diabetes medication, use of

hypertension medication and use of hyperlipidemia medication.

*Age, BMI, sleep duration, and Townsend deprivation index were continuous variables, while the remaining variables were classified according to the original form

of the UK Biobank data.

Table 3 Mediation analysis of inflammation score in the association of social isolation, loneliness and incident cardiovascular disease

(Page 12)
Total Direct effect Indirect effect P-value
effect size Size Proportion Size Proportion
Social isolation — Inflammation score — Stroke 0.0011 0.0009 86.4823% 0.0002 13.5177% 0.22
Loneliness — Inflammation score — Stroke 0.0020 0.0019 95.1268% 0.0001 4.8732% <0.01
Social isolation — Inflammation score — Myocardial infarction 0.0011 0.0007 71.0005% 0.0004 28.9995% 0.20
Loneliness — Inflammation score — Myocardial infarction 0.0052 0.0050 95.3255% 0.0002 4.6745% <0.01
Social isolation = Inflammation score — CVD 0.0018 0.0012 72.0037% 0.0006 27.9963% 0.14
Loneliness — Inflammation score - CVD 0.0071 0.0068 95.3320% 0.0003 4.6680% <0.01
imperative for holistic, multidimensional interventions revealing moderating effects, particularly in vulner-

aimed at alleviating social isolation.

In this cohort study, we established a robust association
between social isolation, loneliness, and incident CVD,
highlighting the pivotal role of psychosocial elements
in CVD risk assessments. Notably, even after adjust-
ing for an extensive array of health behaviors and out-
comes, social isolation and loneliness retained an 11.0%
and 17.0% attributable risk proportion for incident CVD,
respectively. The mechanisms underpinning the associa-
tion between social isolation, loneliness, and CVD may
partially involve health behaviors and changing health
status [36]. Longitudinal studies indicate that individuals
exposed to social isolation and loneliness exhibit a higher
prevalence of behavioral risk factors, including smoking,
alcohol use, physical inactivity, and sleep insufficiency
[37-39]. Moreover, the presence of chronic disease such
as diabetes and hypertension can escalate an individual’s
risk of CVD [40].

Moving beyond the mere identification of social iso-
lation and loneliness as contributors to CVD risk, our
study substantiates the robustness of these associations
through a meticulous exploration of various scenarios
in sensitivity analyses, including various scenarios and
stratified analyses. The latter enriches our insights by

able groups. This group, predominantly female, exhib-
ited correlations with lower education, socioeconomic
status, and higher proportions of current smokers, alco-
hol drinkers, and individuals with shorter sleep dura-
tion. This highlights the dynamic and context-dependent
nature of social isolation’s impact on CVD risk, urging
tailored interventions that acknowledge the diversity
within this age group.

The independent associations of social isolation and
loneliness with incident CVD, even after meticulous
adjustment for a spectrum of health behaviors and out-
comes, provoke deeper reflection. While health behav-
iors and changing health status may partly explain these
associations, the residual effects suggest a complex inter-
play that extends beyond conventional risk factors. Our
study prompts a reconsideration of the conventional nar-
rative, encouraging researchers to explore the intricate
pathways linking social psychological states to cardiovas-
cular health.

Aging and inflammation are recognized as pivotal
factors in CVD risk among older adults [4]. The lead-
ing theories focus on aging and inflammation, suggest-
ing one of the mechanisms cause chronic inflammation
of CVD is the accumulation of senescent cells in many
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tissues [41,42]. CVD begins in senescent cells or dam-
aged endothelial cells that allow accumulation of choles-
terol-containing low-density lipoprotein (LDL) particles,
which tend to oxidize in the vessel wall. This initiates a
strong inflammatory reaction that occurs with the effect
of the triggering factors, including the interaction of the
innate and the adaptive immune cells and the endothelial
cells [43]. In the advanced process, inflammation is exac-
erbated by the accumulation of apoptosis and senescent
cells. Complications such as plaque rupture, plaque hem-
orrhage and acute vascular occlusion may develop [44].

Our mediation analysis enhances this understanding by
quantifying the role of inflammation in connecting social
isolation to CVD. The proportion of the effect mediated
by inflammation provides numerical insight into the sig-
nificance of this pathway, enriching our comprehension
of the interplay between social factors and cardiovascular
health.

While confirming existing theories, particularly the
link between aging, inflammation, and CVD, our find-
ings highlight the importance of inflammation as a
mechanistic link in the social isolation/lonesliness-CVD
connection. This contributes to a nuanced understand-
ing of CVD trajectories in middle-aged and older adults.
Future research directions should explore targeted inter-
ventions addressing inflammation and its modifiable
determinants. This comprehensive insight reinforces the
significance of tailored interventions in managing CVD
risk in this demographic.

The strength of our study lies in its large sample size,
longitudinal design, and the incorporation of a compre-
hensive set of variables. Also, we used mediation analy-
sis to quantify the effects by low-grade inflammation
explaining the possible underlying mechanisms of spe-
cific association between traditional risk factors control
of CVD, social isolation and the risk of CVD. Neverthe-
less, this study has some relevant limitations. First, the
study population was overwhelmingly White, thus the
findings may not be generalizable to other populations.
Second, the effect of residual confounding might remain,
even though we had considered a wide range of con-
founders. Third, our mediation analysis approach, while
informative, may be subject to biases inherent in the
traditional regression-based methods, such as mediator-
outcome confounding and exposure-mediator interac-
tion [45]. Furthermore, our study primarily relied on
baseline data for covariate assessment, which limits our
ability to capture changes in variables over time that
could influence CVD risk. This approach was chosen to
ensure data quality and consistency across participants
throughout the study period. However, it restricts our
analysis from exploring the dynamic interplay of risk fac-
tors over time, which may affect the robustness of our
findings in understanding long-term CVD outcomes.
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Finally, the observational nature and psychological fac-
tors such as the personality factors of the particpants
could not be controlled limits our ability to establish cau-
sation. Furthermore, the reliance on self-reported data
on social isolation introduces potential biases. Future
research should consider alternative mediation analysis
approaches, such as inverse probability weighting or the
G-formula [45], which may better account for the com-
plexities of mediator-outcome relationships in obser-
vational data. Additionally, employing more extensive
psycho-social assessments and biomarker measurements
could enhance understanding of the intricate connec-
tions identified in our study.

In conclusion, our study goes beyond the surface by
recognizing social isolation and loneliness as substan-
tive psycho-social factors influencing CVD risk among
individuals aged 38 and above. The discussion elevates
these findings from mere observations to a deeper under-
standing of the complexities involved. By embracing the
nuanced interplay of sociodemographic, emotional, and
biological factors, our research sets the stage for tar-
geted, effective interventions, ultimately contributing
to improved cardiovascular outcomes in this high-risk
demographic.
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