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Abstract

Background: Abdominal aortic aneurysm (AAA) is typically asymptomatic until rupture,
and established risk factors do not fully explain its occurrence. Whether social isolation,
loneliness, polygenic susceptibility, and systemic inflammation jointly influence AAA risk
remains unclear. Methods: We included 356,181 White British participants from the UK
Biobank free of AAA at baseline. Social isolation and loneliness indices were derived
from questionnaires. A genome-wide polygenic risk score (PRS) for AAA was constructed
using PRS-CS and grouped into tertiles. The systemic immune-inflammation index (SII)
and systemic inflammation response index (SIRI) were calculated from baseline blood
counts. Incident AAA was identified through linked hospital, primary care, mortality, and
self-report records. Cox models estimated hazard ratios (HRs), and mediation analyses
quantified the proportion of the social isolation–AAA association explained by inflamma-
tory indices. Results: Over 15.6 years of follow-up, 1727 AAA events occurred. A social
isolation index ≥2 was associated with higher AAA risk (HR 1.23; 95% CI 1.05–1.46), and
each 1-SD increase corresponded to ~11% higher risk; loneliness was not associated with
AAA. Although statistical interactions were non-significant, individuals with both high
PRS and high social isolation had fourfold higher risk than those with low PRS and no
isolation. SIRI, but not SII, was independently associated with AAA (HR 1.24; 95% CI
1.06–1.46) and mediated ~5% of the association. Conclusions: Social isolation, particularly
in genetically susceptible individuals, identifies a population at substantially elevated AAA
risk, partly via systemic immune–inflammatory activation, and may represent a modifiable
target for prevention.

Keywords: abdominal aortic aneurysm; social isolation; polygenic risk score; systemic
inflammation response index; cohort study

1. Introduction
Abdominal aortic aneurysm (AAA) is a chronic degenerative disorder of the abdom-

inal aorta, defined by a focal enlargement surpassing 3 cm in diameter or 50% above its
typical size [1]. Because AAA often remains asymptomatic until rupture, contemporary
guidelines emphasize ultrasound-based surveillance, cardiovascular risk reduction, and
timely elective repair according to aneurysm diameter, growth rate, symptoms, and indi-
vidualized operative risk. Nevertheless, rupture remains life-threatening, highlighting the
importance of identifying high-risk individuals before clinical presentation [2,3]. Although
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age, male sex, cigarette smoking, hypertension, and dyslipidemia are well-recognized
determinants, these factors do not entirely explain AAA development or its progression [4].
Consequently, there is a pressing need to identify additional genetic and modifiable influ-
ences to enhance risk prediction and inform preventive measures.

Social isolation and loneliness, two related but distinct constructs, have been increas-
ingly recognized as psychosocial determinants of cardiovascular health. Meta-analyses
show that poor social connectedness is associated with higher risks of coronary heart
disease, stroke, and mortality [5]. Biological studies suggest that social disconnection
may promote adverse neuroendocrine activation, heightened sympathetic tone, systemic
inflammation, endothelial dysfunction, and unhealthy behaviors [6]. These pathways
are relevant to AAA because aneurysm formation is characterized by chronic vascular
inflammation, macrophage and myeloid-cell infiltration, extracellular matrix degradation,
and vascular smooth muscle cell dysfunction [7,8]. Recent UK Biobank proteomic evidence
further suggests that social isolation and loneliness are associated with circulating proteins
involved in inflammation, immune activation, and complement pathways [9]. However,
direct prospective evidence linking social isolation or loneliness to AAA remains extremely
limited. Therefore, whether social disconnection contributes to AAA development through
behavioral and immune-inflammatory pathways remains unclear.

AAA has a substantial genetic basis, with large genome-wide association studies
identifying multiple risk loci related to extracellular matrix remodeling, lipid metabolism,
and vascular inflammation [10]. Polygenic risk scores (PRS) derived from these variants
can effectively predict AAA risk beyond traditional risk factors [11]. However, it remains
unclear whether genetic susceptibility amplifies the adverse effects of psychosocial factors
such as social isolation or loneliness. Systemic and local vascular inflammation play central
roles in AAA pathophysiology, characterized by neutrophil and monocyte/macrophage
recruitment, protease-mediated extracellular matrix degradation, oxidative stress, and
vascular smooth muscle cell dysfunction [12]. Composite inflammatory indices such
as systemic immune-inflammation index (SII) and the systemic inflammation response
index (SIRI), which integrate multiple blood cell counts, have emerged as important in-
dicators of low-grade chronic inflammation and cardiovascular risk [13]. Nevertheless,
whether social factors, genetic susceptibility, and systemic inflammation interact or mediate
each other, and how these pathways collectively influence AAA risk, has not yet been
systematically investigated.

This study aims to examine the associations between social isolation, loneliness, and
the risk of abdominal aortic aneurysm in the UK Biobank prospective cohort. In addition,
it investigates whether social factors interact with polygenic susceptibility to modify AAA
risk, and evaluates the extent to which systemic inflammatory markers, including the
SII and the SIRI, mediate these relationships. By integrating behavioral, psychosocial,
inflammatory, and genetic dimensions, this research seeks to clarify the multifactorial
determinants of AAA and to identify high-risk groups who may benefit from targeted
preventive strategies.

2. Materials and Methods
2.1. Study Design and Participants

This study utilized data from the UK Biobank, a nationwide prospective cohort that
includes over half a million adults. Between 2006 and 2010, individuals aged 37–73 years
were recruited from 22 assessment centres throughout the United Kingdom. At enrolment,
participants completed an extensive touchscreen questionnaire capturing demographic
characteristics, socioeconomic indicators, lifestyle factors, and medical history. Detailed
descriptions of the cohort design and data collection procedures have been documented
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in prior publications [14]. Ethical approval for the UK Biobank was granted by the North
West Multi-centre Research Ethics Committee (Ref: 11/NW/0382). All participants signed
an electronic consent form at recruitment.

The cohort initially included 466,270 participants, each with complete baseline data
on social isolation and loneliness. Participants were excluded if they declined follow-up,
lacked information on demographic, socioeconomic, lifestyle, or inflammatory markers,
or had any recorded diagnosis of AAA before the baseline assessment. Baseline AAA
was identified using the same diagnostic codes and linked health-care/self-report records
as those used for incident outcome ascertainment. Individuals who were not of White
British ancestry (defined using self-reported ethnicity and principal component analysis
provided by the UK Biobank) were also excluded. The final analytic sample comprised
356,181 participants. A detailed flowchart is presented in Supplementary Figure S1.

2.2. Assessment of Social Isolation and Loneliness

Social isolation and loneliness were assessed using self-administered touchscreen
questionnaires completed at the UK Biobank assessment center. Following previous UK
Biobank studies [15], the social isolation index was constructed from three structural social-
connection items: number in household (Field 709), frequency of friend/family visits (Field
1031), and leisure/social activities (Field 6160). Participants were assigned one point for
each of the following: living alone, visiting friends or family less than once per month, or
not participating weekly in any social or group-based activities, including sports clubs,
social clubs, religious groups, or adult education classes. All other responses were coded as
0. Because few participants scored 3 on the isolation scale, scores of 2 and 3 were combined
into a single “≥2” category.

Loneliness was assessed using two subjective social-emotional items: often feeling
lonely (Field 2020) and frequency of being able to confide in someone close (Field 2110).
Participants were assigned one point if they reported often feeling lonely or being able
to confide only every few months or less; all other responses were coded as 0. The social
isolation score was calculated by summing the three structural items and categorized as
0, 1, or ≥2, whereas the loneliness score was calculated by summing the two subjective
items and categorized as 0, 1, or 2. Social isolation and loneliness were analyzed as separate
exposures rather than combined into a single psychosocial score.

2.3. Polygenic Risk Score Calculation

The polygenic risk score (PRS) for AAA was constructed using PRS-CS, a Bayesian
regression framework that estimates posterior SNP effect sizes using continuous shrinkage
priors and external linkage disequilibrium (LD) information [16]. Summary statistics were
obtained from a GWAS of AAA conducted in individuals of European ancestry, as listed
in the GWAS Catalog (GCST90475994), comprising 7642 AAA cases and 172,172 controls.
Prior to PRS construction, variants with a minor allele frequency < 0.01 or imputation INFO
score < 0.8 were excluded. PRS-CS uses LD information from the 1000 Genomes Project
Phase 3 European reference panel to account for polygenicity and correlation among vari-
ants. The method was implemented in auto mode, allowing the global shrinkage parameter
to be estimated from the data. Individual PRS values were calculated by summing the
posterior SNP effect sizes across included autosomal variants for each participant. Based
on the distribution of PRS values in the analytic sample, participants were categorized into
three strata of genetic susceptibility: low, intermediate, and high, corresponding to the first,
second, and third tertiles, respectively. There was no sample overlap between the GWAS
discovery cohort and the present UK Biobank participants.
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2.4. Covariate Assessment

Demographics consisted of age, sex, education, Townsend Deprivation Index (TDI),
employment status, and body mass index (BMI). Medical history included medication use;
chronic respiratory, liver, and kidney diseases; other cardiovascular diseases; psychiatric
diseases; hypertension; diabetes; and dyslipidemia. Lifestyle factors included smoking,
alcohol consumption, physical activity, sedentary time, sleep patterns, and diet. Detailed
definitions for all lifestyle factors are provided in Supplementary Tables S1 and S2. Medica-
tion history was modeled as the number of regular medications reported at baseline, and
specific medication classes, including antihypertensive, lipid-lowering, and antidiabetic
medication use, were additionally defined according to UK Biobank medication codes, as
shown in Supplementary Table S3.

In the UK Biobank, peripheral blood cell counts were measured using a clinically
validated Coulter LH 750 analyzer with manufacturer-recommended quality control pro-
cedures [17]. Baseline counts of neutrophils, monocytes, platelets, and lymphocytes were
obtained. Two composite indices reflecting immune-inflammatory status were calculated:
the Systemic Inflammation Response Index (SIRI = neutrophils × monocytes/lymphocytes)
and the Systemic Immune-Inflammation Index (SII = neutrophils × platelets/
lymphocytes) [18–20].

2.5. Outcomes

The primary endpoint was incident AAA, identified through ICD-10 codes
I71.3 and I71.4 using data from death registries, primary care records, hospital admissions,
and participant self-reports. Newly diagnosed cases were defined by the first recorded
occurrence of an AAA diagnosis. Follow-up time was measured from baseline assessment
until the earliest of the following events: AAA diagnosis, death, loss to follow-up, or the
end of the observation period.

2.6. Statistical Analysis

Baseline characteristics were summarized as means (SD) for continuous variables and
counts (percentages) for categorical variables. Group differences were compared using
one-way ANOVA for continuous variables and chi-square tests for categorical variables.
Kaplan–Meier curves were generated to display cumulative incidence of AAA across cat-
egories of the social isolation and loneliness indices. Cox proportional hazards models
were used to estimate hazard ratios (HRs) and 95% confidence intervals (CIs); the propor-
tional hazards assumption was evaluated using Schoenfeld residuals. Three progressively
adjusted models were constructed: Model 1: Adjusted for sex and age. Model 2: Further
adjusted for education level, employment status, Townsend deprivation index, body mass
index, medication history, and medical history (including hypertension, diabetes, dyslipi-
demia, cardiovascular diseases, psychiatric disease, chronic respiratory diseases, chronic
kidney disease, and chronic liver disease). Model 3: Additionally adjusted for smoking
status, alcohol consumption, physical activity, diet, sleep patterns, and sedentary time.

Stratified analyses were performed by age, sex, BMI category (18.5–24.9 vs. outside
this range), history of hypertension, and smoking status. Multiple sensitivity analyses
were conducted to assess the robustness of the findings. First, to minimize potential
reverse causality, cases diagnosed within the first two years of follow-up were excluded.
Second, to evaluate the influence of baseline comorbidities, we excluded participants with
major baseline conditions, including diabetes, hypertension, dyslipidemia, cardiovascular
diseases, psychiatric diseases, chronic respiratory diseases, and chronic kidney or liver
disease. Third, Fine-Gray subdistribution hazard models were applied to account for
competing risks from non-AAA deaths or loss to follow-up. Fourth, multiple imputation
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by chained equations was used to address missing data in demographic, socioeconomic,
and lifestyle covariates. Fifth, considering the potential influence of medication classes
related to AAA risk factors, we additionally adjusted for antihypertensive, lipid-lowering,
and antidiabetic medication use.

To assess the potential impact of genetic susceptibility, we first examined AAA risk
across PRS categories using Cox proportional hazards models. In subsequent analyses
involving PRS, all models were additionally adjusted for the first ten genetic principal
components provided by the UK Biobank to account for potential residual population
stratification and fine-scale ancestry differences, even within participants of White British
ancestry. We further evaluated interactions and joint effects of the social isolation index
and PRS on AAA risk. Multiplicative interaction was assessed by including a cross-product
term between the social isolation index and PRS in the Cox model and reporting HRs with
95% CIs. Additive interaction was evaluated using the relative excess risk due to interaction
(RERI) and its 95% CI. In joint effect analyses, the reference group consisted of individuals
with low genetic risk and low social isolation. Participants were then stratified by PRS
category, and the cumulative incidence of AAA was estimated across categories of the social
isolation index within each PRS stratum. Ten-year absolute risk increase (ARI) for AAA was
calculated by comparing social isolation groups, and trends in ARI across PRS categories
were tested using weighted least-squares models. Finally, causal mediation analysis was
performed to evaluate whether systemic inflammatory indices mediated the association
between social isolation and AAA risk, adjusting for all covariates included in Model 3.
This analysis decomposed the total association into the average causal mediation effect
(ACME), representing the indirect effect through the inflammatory index, and the average
direct effect (ADE), representing the remaining effect not explained by the inflammatory
index. The proportion mediated was calculated as the ratio of ACME to the total effect. To
estimate 95% CIs for mediation proportions, we applied 1000 quasi-Bayesian Monte Carlo
simulations with bootstrap resampling.

All statistical analyses were conducted using R software (version 4.4.1). Two-sided
tests were used, and p-values < 0.05 were considered statistically significant.

3. Results
3.1. Baseline Characteristics of Participants

Baseline characteristics of participants across categories of the social isolation index
are shown in Table 1. A total of 356,181 individuals were included in the analysis, with a
mean age of 56.6 years (SD = 8.1), and 46.2% were men. Compared with participants with a
social isolation index of 0, those with an index ≥ 2 were more likely to be male, have lower
educational attainment, exhibit less healthy lifestyle behaviors, have a higher burden of
comorbidities, and display elevated inflammatory levels. Supplementary Table S4 presents
baseline characteristics stratified by loneliness index, demonstrating a pattern of participant
characteristics similar to that observed for the social isolation index.

Table 1. Baseline characteristics of participants according to categories of the social isolation index.

Characteristics
Social Isolation Index

p-Value
0 1 ≥2

n 196,790 131,874 27,517
Demographics
Age (years) 56.6 ± 8.05 56.4 ± 8.06 56.7 ± 7.74 <0.001
Male (%) 91,181 (46.3%) 60,030 (45.5%) 13,491 (49.0%) <0.001
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Table 1. Cont.

Characteristics
Social Isolation Index

p-Value
0 1 ≥2

Townsend deprivation index −2.00 ± 2.64 −1.35 ± 3.00 −0.43 ± 3.34 <0.001
University or college degree (%) 71,761 (36.5%) 43,951 (33.3%) 9149 (33.2%) <0.001
Employed, student, or retired (%) 181,925 (92.4%) 120,696 (91.5%) 24,490 (89.0%) <0.001
BMI 27.1 ± 4.32 27.4 ± 4.68 27.6 ± 5.03 <0.001
Lifestyle
Healthy diet (%) 17,666 (8.9%) 13,146 (9.9%) 3150 (11.4%) <0.001
No heavy alcohol (%) 81,802 (41.6%) 67,244 (51.0%) 16,528 (60.1%) <0.001
Smoking status (%) <0.001
Never 79,532 (40.4%) 51,892 (39.3%) 10,117 (36.8%)
Previous 102,967 (52.3%) 66,325 (50.3%) 13,103 (47.6%)
Current 14,291 (7.26%) 13,657 (10.4%) 4297 (15.6%)
Physical activity (%) <0.001
Low 51,083 (26.0%) 48,590 (36.8%) 12,260 (44.6%)
Moderate 67,906 (34.5%) 43,825 (33.2%) 8539 (31.0%)
High 77,801 (39.5%) 39,459 (29.9%) 6718 (24.4%)
Sleep patterns (%) <0.001
Poor 8694 (4.4%) 7154 (5.4%) 1974 (7.2%)
Moderate 117,697 (59.8%) 80,797 (61.3%) 17,304 (62.9%)
Good 70,399 (35.8%) 43,923 (33.3%) 8239 (29.9%)
Sedentary time (%) <0.001
High 36,163 (18.4%) 27,487 (20.8%) 7025 (25.5%)
Moderate 65,713 (33.4%) 44,941 (34.1%) 9070 (33.0%)
Low 94,914 (48.2%) 59,446 (45.1%) 11,422 (41.5%)
Medical history
Hypertension (%) 55,902 (28.4%) 40,049 (30.4%) 9024 (32.8%) <0.001
Diabetes (%) 11,634 (5.9%) 9702 (7.4%) 2675 (9.7%) <0.001
Dyslipidemia (%) 73,617 (37.4%) 51,450 (39.0%) 11,303 (41.1%) <0.001
Psychiatric diseases (%) 14,480 (7.4%) 12,054 (9.1%) 3399 (12.4%) <0.001
Chronic respiratory diseases (%) 24,836 (12.6%) 17,414 (13.2%) 3980 (14.5%) <0.001
Chronic liver disease (%) 501 (0.3%) 444 (0.3%) 143 (0.5%) <0.001
Chronic kidney disease (%) 524 (0.3%) 401 (0.3%) 118 (0.4%) <0.001
Cardiovascular disease (%) 19,042 (9.7%) 13,500 (10.2%) 3223 (11.7%) <0.001
Number of medications (SD) 2.2 ± 2.4 2.4 ± 2.5 2.6 ± 2.7 <0.001
Lipid-lowering medication (%) 28,012 (14.2%) 19,601 (14.9%) 4582 (16.7%) <0.001
Antihypertensive medication (%) 37,928 (19.3%) 27,028 (20.5%) 6104 (22.2%) <0.001
Antidiabetic medication (%) 4822 (2.45%) 4211 (3.19%) 1222 (4.44%) <0.001
Inflammation
Neutrophil count (109/L) 4.1 ± 1.2 4.2 ± 1.2 4.4 ± 1.3 <0.001
Monocyte count (109/L) 0.5 ± 0.1 0.5 ± 0.2 0.5 ± 0.2 <0.001
Lymphocyte count (109/L) 1.9 ± 0.5 1.9 ± 0.5 1.9 ± 0.6 <0.001
Platelet count (109/L) 251 ± 52.0 253 ± 53.0 254 ± 53.8 <0.001
SIRI 1.0 ± 0.6 1.1 ± 0.6 1.2 ± 0.6 <0.001
SII 570 ± 255 592 ± 267 611 ± 280 <0.001

p values were determined using the ANOVA test for continuous variables and the chi-square test for categorical
variables. p values were used to describe overall differences across social isolation categories and were not
intended for formal pairwise inference. Abbreviations: BMI, Body mass index; SIRI, Systemic Inflammation
Response Index; SII, Systemic Immune-inflammation Index.

3.2. Associations of Social Isolation and Loneliness with the Risk of Incident AAA

During a mean follow-up of 15.6 years, a total of 1727 incident AAA cases were
identified. As shown in the Kaplan–Meier curves in Supplementary Figure S2, higher social
isolation and loneliness indices were significantly associated with increased cumulative
incidence of AAA. In multivariable Cox regression analyses (Figure 1), participants with a
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social isolation index ≥ 2 had a higher risk of developing AAA compared with those with
an index of 0 (HR = 1.23; 95% CI: 1.05–1.46) in the fully adjusted model. Additionally, each
1-SD increase in the social isolation index was associated with approximately an 11% higher
AAA risk. In contrast, the loneliness index showed no significant association with AAA
incidence. The proportional hazards assumption was verified using Schoenfeld residuals,
with all p-values > 0.05 (Supplementary Table S5), supporting the validity and robustness
of the analyses. The C-indices ranged from 0.836 to 0.881, with Model 3 showing the best
discrimination (highest C-index and lowest Bayesian information criterion).

Figure 1. Associations of social isolation and loneliness with the risk of incident AAA. # Incidence
rates per 1000 person-years. Model 1: Adjusted for sex and age. Model 2: Further adjusted for
education level, employment status, Townsend deprivation index, body mass index, medication
history, and medical history (including hypertension, diabetes, dyslipidemia, cardiovascular diseases,
psychiatric diseases, chronic respiratory diseases, chronic kidney disease, and chronic liver disease).
Model 3: Additionally adjusted for smoking status, alcohol consumption, physical activity, diet, sleep
patterns, and sedentary time.

Subgroup analyses (Supplementary Table S6) indicated no significant interactions
between social isolation or loneliness and sex, age, BMI, hypertension status, or smoking
status. Multiple sensitivity analyses were conducted to test the robustness of the findings
(Supplementary Table S7), including exclusion of cases occurring within the first two years
of follow-up, application of competing risk models, exclusion of participants with major
baseline comorbidities, multiple imputation of missing data and additional adjustment
for antihypertensive, lipid-lowering, and antidiabetic medication use. All results were
consistent with the primary findings, further supporting their reliability.

3.3. Genetic Risk, Social Isolation, and the Risk of Incident AAA

As shown in Supplementary Figure S3, the AAA polygenic risk score was approx-
imately normally distributed. Based on the tertile cut-off values of −0.048 and −0.036,
participants were classified into low, intermediate, and high genetic susceptibility groups.
As shown in Supplementary Table S8, participants in the highest PRS tertile had a substan-
tially higher risk of developing AAA compared with those in the lowest tertile (HR = 3.75;
95% CI: 3.28–4.29). Based on the observed strong association between social isolation and
AAA incidence, subsequent analyses focused primarily on social isolation.

We further examined the potential interaction between genetic risk and the social
isolation index in relation to AAA incidence. As illustrated in Figure 2, no significant
multiplicative or additive interactions were observed between PRS and the social isolation
index (all p-values > 0.05). However, their joint effects were notable. Specifically, compared
with participants in the low-PRS group with a social isolation index of 0, those with high
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PRS and a social isolation index ≥ 2 had approximately a fourfold higher risk of AAA
(HR = 4.95; 95% CI: 3.86–6.35). Additionally, we evaluated the joint associations of PRS and
the social isolation index with the 10-year cumulative incidence of AAA (Figure 3). Among
individuals in the high-PRS stratum, participants with a social isolation index ≥ 2 had a
significantly higher incidence than those with an index of 0, corresponding to an absolute
risk increase (ARI) of 0.43%. This pattern was not prominent among participants in the low
or intermediate PRS strata. No significant linear trend across PRS categories was observed
(trend p = 0.751).

Figure 2. Interaction and joint effects of social isolation and polygenic risk score on the risk of incident
AAA. All analyses were adjusted for sex, age, first ten genetic principal components, education level,
employment status, Townsend deprivation index, body mass index, medication history, medical
history (including hypertension, diabetes, dyslipidemia, cardiovascular diseases, psychiatric diseases,
chronic respiratory diseases, chronic kidney disease, and chronic liver disease), as well as smoking
status, alcohol consumption, physical activity, diet, sleep patterns, and sedentary time.

Figure 3. Ten-year cumulative incidence of AAA according to categories of the polygenic risk score
and social isolation index. Abbreviations: ARI, absolute risk increase; PRS, polygenic risk score.
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3.4. Inflammatory Markers, Social Isolation, and AAA Risk

As shown in Supplementary Table S9, after adjustment for all potential confounders,
higher SIRI levels were significantly associated with an increased risk of AAA (HR = 1.24;
95% CI: 1.06–1.46). In contrast, no significant association was observed between SII and
AAA risk. We further explored the potential mediating role of SIRI in the association
between the social isolation index and AAA risk. As illustrated in Figure 4, SIRI mediated
4.98% of the association between social isolation and AAA risk (95% CI: 0.85–9.62%).

Figure 4. Mediation analysis of the inflammatory index SIRI in the association between social isolation
and AAA risk. All analyses were adjusted for sex, age, education level, employment status, Townsend
deprivation index, body mass index, medication history, medical history (including hypertension,
diabetes, dyslipidemia, cardiovascular diseases, psychiatric diseases, chronic respiratory diseases,
chronic kidney disease, and chronic liver disease), as well as smoking status, alcohol consumption,
physical activity, diet, sleep patterns, and sedentary time. Abbreviations: ADE, Average direct effects;
ACME, Average causal mediation effects.

4. Discussion
This study found that a higher social isolation index was significantly associated with

an increased risk of AAA, whereas loneliness showed no significant association. Although
no statistically significant multiplicative or additive interaction between social isolation
and PRS was detected, individuals with both high PRS and high social isolation had the
greatest risk of AAA in the joint analysis, suggesting a cumulative risk pattern rather than
statistical interaction. Notably, among those with high genetic susceptibility, social isolation
was particularly associated with an elevated absolute risk of AAA. Importantly, part of the
association between social isolation and AAA risk was mediated by higher SIRI levels.

In this large prospective cohort, social isolation, but not loneliness, was significantly
associated with a higher risk of incident AAA. This distinction echoes findings in broader
cardiovascular research, where social isolation often shows stronger and more consistent
associations with adverse cardiometabolic outcomes than subjective loneliness alone [21].
For instance, social isolation has been linked to elevated risks of coronary heart disease,
stroke, and all-cause mortality independent of emotional loneliness [22,23]. Several mech-
anisms may explain this divergence. Structural disconnection typically reflects reduced
social resources, limited access to health information, fewer opportunities for physical
activity, and lower adherence to medical therapy—all of which have been implicated in
AAA risk factors such as smoking persistence, hypertension, and delayed disease detec-
tion [24]. Loneliness, in contrast, may exert more psychological than behavioral effects
and has shown inconsistent associations with objective cardiovascular diseases [21]. The
present study’s findings thus support the growing recognition that objective and subjective
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social disconnection represent distinct constructs with different biological and behavioral
consequences [25]. Given AAA’s long asymptomatic course and dependence on modifi-
able risk profiles, structural isolation may be especially relevant in influencing long-term
aneurysm development.

Although no statistically significant multiplicative or additive interactions between
social isolation and PRS were detected, individuals with both high genetic susceptibility
and high social isolation exhibited the greatest absolute and relative risk of AAA. This pat-
tern should be interpreted as the co-occurrence of two independent risk dimensions rather
than evidence that social isolation modifies genetic susceptibility. From a risk-stratification
perspective, this finding suggests that considering psychosocial factors alongside inherited
susceptibility may help identify individuals with a higher overall risk burden. Genome-
wide association studies have consistently demonstrated the strong polygenic architecture
of AAA, identifying loci involved in extracellular matrix biology, lipid metabolism, vascular
remodeling, and inflammation [11]. Social isolation may further compound genetic pre-
disposition by amplifying behavioral and inflammatory exposures that converge on these
pathways. For instance, individuals experiencing structural isolation often exhibit higher
smoking prevalence, physical inactivity, and poorer diet quality [26], factors known to inter-
act with AAA risk loci and increase aneurysmal degeneration. The observed absolute risk
increase in the high-PRS group suggests that social isolation may function as a contextual
amplifier of inherited vascular vulnerability [27], highlighting an at-risk subgroup that
may especially benefit from targeted preventive strategies. However, because the PRS was
derived and applied within participants of White British ancestry, these findings should
not be directly extrapolated to other ancestral groups. Future studies in more diverse
populations are needed, as both the genetic architecture of AAA and the social meaning of
isolation may differ across ethnic, cultural, and healthcare contexts.

In addition to the behavioral profile, systemic inflammation partially mediated the
association between social isolation and AAA. SIRI, but not SII, was independently asso-
ciated with AAA risk and accounted for approximately 5% of the effect. These findings
are consistent with prior studies showing that composite inflammatory indices integrating
neutrophils and monocytes capture low-grade immune activation more sensitively than
platelet-based indices [28]. Neutrophil and monocyte infiltration is a hallmark of AAA
pathogenesis and contributes to matrix degradation, smooth muscle cell apoptosis, and
oxidative stress [29]. Psychosocial stressors such as social disconnection have been shown
to upregulate conserved transcriptional responses to adversity, characterized by increased
pro-inflammatory gene expression and heightened myeloid cell activity [30]. Although neu-
roendocrine stress pathways are biologically plausible, stress-related hormonal mediators,
such as cortisol or catecholamines, were not evaluated because standardized measurements
were not available for the full baseline analytic cohort in UK Biobank [17]. The present
mediation results suggest that systemic immune-inflammatory activation serves as one
biological pathway through which chronic structural isolation may promote aneurysmal
remodeling. Nevertheless, the modest magnitude of mediation indicates that SIRI captures
only one component of the social isolation–AAA pathway, and that additional behav-
ioral, neuroendocrine, vascular, and local aortic-wall mechanisms likely contribute to the
remaining association.

Several plausible biological and behavioral mechanisms may underlie the observed
association between social isolation and AAA. First, chronic social disconnection has
been linked to dysregulated hypothalamic–pituitary–adrenal (HPA) axis activity and
elevated sympathetic tone, which may contribute to hemodynamic stress, endothelial
dysfunction, and vascular stiffness, processes that are biologically relevant to aneurysm
formation. [31,32]. Second, structural isolation is associated with lifestyle patterns such
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as persistent smoking, poor diet quality, and reduced physical activity, all of which are
established AAA risk factors [26]. Given the well-established association between smoking
and AAA development, although smoking status was adjusted for in our analyses, this
categorical measure may not fully capture cumulative smoking exposure, such as pack-
years or smoking cessation timing. Third, social isolation is known to activate conserved
inflammatory transcriptomic programs, increasing IL-6-, TNF-α-, and NF-κB-related sig-
naling, which may promote macrophage recruitment, MMP-mediated extracellular matrix
degradation, and vascular smooth muscle cell dysfunction or apoptosis in the aneurysmal
wall [30,33]. These converging pathways may explain why structural isolation, but not
loneliness, exhibited a robust association with AAA in this cohort.

This study benefits from a large, well-phenotyped cohort with long-term follow-up,
enabling robust assessment of AAA risk. By integrating psychosocial exposures, a genome-
wide PRS, and composite inflammatory markers, it provides a comprehensive evaluation
of behavioral, genetic, and inflammatory pathways. It is also the first prospective study to
link social isolation with incident AAA and to identify a high-risk subgroup defined by
both high PRS and high social isolation. However, several limitations merit consideration.
AAA diameter information was unavailable, preventing size-based analyses. Residual
confounding cannot be fully excluded despite extensive adjustment. In addition, our
study was primarily observational and association-based; therefore, further experimental
and mechanistic studies are needed to clarify the potential pathways underlying these
associations. Social isolation and loneliness were assessed by questionnaires, which may
not reflect long-term patterns. Finally, the restriction to White British participants may limit
generalizability to other populations.

5. Conclusions
In this large prospective cohort, higher social isolation, but not loneliness, was in-

dependently associated with increased AAA risk, with the highest absolute and relative
risk observed among individuals who also had high polygenic susceptibility. Systemic
immune-inflammation captured by SIRI modestly mediated this association, suggesting
that structural social disconnection is a modifiable psychosocial factor that could be incor-
porated, alongside genetic risk, into AAA risk stratification and prevention.
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