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Abstract

The rapid aging of the global population has elevated social isolation to a critical public health
priority, given its profound implications for morbidity and mortality in older adults. Traditional
observational studies have consistently linked social isolation with premature death, yet they
frequently suffer from unmeasured confounding, reverse causation, and an inability to account for
the dynamic, time-varying nature of social connectivity. This paper addresses these
methodological limitations by utilizing trial simulation evidence to assess mortality risk across
distinct social isolation trajectories over a simulated longitudinal period. Through the application
of target trial emulation principles, we construct synthetic cohorts that mirror real-world
demographic and health characteristics of older adult populations. By simulating various
longitudinal trajectories of social isolation, ranging from consistently isolated to consistently
connected, as well as fluctuating states, this research provides a nuanced understanding of how
cumulative exposure and timing of isolation impact survival probabilities. The analytical
framework employs advanced confounding adjustment techniques, described herein, to isolate
the causal effects of these trajectories. Our simulated findings demonstrate that chronic,
unremitting social isolation confers the highest mortality risk, whereas interventions or natural
transitions that reduce isolation can partially mitigate this risk, highlighting a critical window for
public health intervention. The paper concludes by discussing the implications of these simulated
results for policy formulation, geriatric care, and the design of future empirical interventions aimed
at fostering social integration among vulnerable older adults.
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1. Introduction
1.1 The Global Demographic Shift and Social Connectivity

The unprecedented demographic shift toward an older global population presents multifaceted
challenges for public health systems, social care architectures, and economic structures worldwide.
As life expectancy increases due to advancements in medical technology, infectious disease
control, and improved living standards, the proportion of individuals aged sixty-five and older is
growing at an accelerated rate [1]. This demographic transformation necessitates a comprehensive
reevaluation of the factors that contribute not merely to lifespan, but to healthspan, which
encompasses the years lived in good health and functional independence. Among the myriad
determinants of healthy aging, the psychosocial environment has emerged as a domain of
paramount importance. In particular, social connectivity, defined as the structural and functional
aspects of an individual's social network, plays a fundamental role in maintaining physical, cognitive,
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and emotional well-being. Conversely, the absence of such connectivity, commonly operationalized
as social isolation, has been identified as a potent risk factor for a wide array of adverse health
outcomes. Social isolation is an objective state of having minimal contact with others, distinct from
loneliness, which is the subjective feeling of distress arising from a perceived discrepancy between
desired and actual social relationships [2]. While both constructs are detrimental, the objective
nature of social isolation makes it a highly measurable and intervention-amenable target for public
health initiatives.

1.2 The Public Health Crisis of Social Isolation

The conceptualization of social isolation as a critical public health crisis is increasingly supported
by epidemiological evidence. Older adults are uniquely vulnerable to social isolation due to a
confluence of life transitions and physiological changes that disproportionately affect this
demographic group. Retirement often severs long-standing professional networks and routine daily
interactions. The bereavement associated with the loss of a spouse, siblings, or close friends
systematically depletes an older adult's structural social network. Furthermore, functional
limitations, chronic pain, sensory impairments such as hearing or vision loss, and cognitive decline
can severely restrict an individual's mobility and capacity to engage in social activities, thereby
compounding the risk of isolation [3]. Geographic mobility of younger family members also
contributes to the spatial distancing of traditional support systems, leaving many older adults
residing alone in communities that may lack adequate accessible infrastructure or social capital.
The cumulative effect of these factors is a substantial and growing prevalence of social isolation
among older populations, creating a pressing need for robust evidence to guide targeted
interventions and policy responses.

1.3 Methodological Challenges in Assessing Mortality Risk

While the association between social isolation and increased mortality risk is well documented,
establishing a definitive causal relationship remains methodologically challenging. The vast majority
of existing literature relies on conventional observational study designs. These studies typically
assess social isolation at a single baseline time point and monitor subsequent mortality over a
follow-up period. This static approach fails to capture the dynamic, evolving nature of social
relationships over the life course. Social isolation is rarely a permanent, immutable state; rather,
individuals may transition in and out of isolation due to changes in living arrangements, health
status, or participation in community programs. Furthermore, traditional observational analyses are
highly susceptible to time-varying confounding and reverse causation [4]. For instance, a decline in
physical health may simultaneously precipitate an increase in social isolation and elevate the risk
of mortality. If analytical models do not appropriately account for the reciprocal, time-dependent
relationship between health status and social engagement, the resulting estimates of mortality risk
will be substantially biased. To overcome these inherent limitations, researchers must adopt
advanced methodological frameworks that can rigorously evaluate the longitudinal trajectories of
social isolation and their cumulative impact on survival.

1.4 Objectives and Scope of the Paper

This paper aims to bridge the methodological gap in the existing literature by providing a
comprehensive assessment of mortality risk associated with dynamic social isolation trajectories,
utilizing trial simulation evidence. The primary objective is to demonstrate how target trial emulation
principles can be applied to synthetic longitudinal data to untangle the complex, time-varying
relationships between social isolation, health decline, and mortality in older adults. By defining
specific, clinically relevant trajectories, such as chronic isolation, late-onset isolation, and recovered
connectivity, we seek to elucidate the differential impacts of cumulative exposure and timing on
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survival outcomes. The scope of this paper encompasses a detailed theoretical background on the
mechanisms linking isolation to mortality, a thorough exposition of the trial simulation methodology
and analytical techniques, and a comprehensive discussion of the simulated results [5]. Through
this rigorous examination, the paper intends to provide actionable insights for public health
practitioners and policymakers, emphasizing the critical importance of continuous social integration
and the potential efficacy of interventions designed to alter unfavorable isolation trajectories in aging
populations.

2. Background and Theoretical Framework
2.1 Defining and Differentiating Social Constructs

To accurately assess the health impacts of the social environment, it is imperative to establish clear
conceptual boundaries between related but distinct constructs, particularly social isolation,
loneliness, and social support. Social isolation refers to an objective deficiency in the number and
frequency of social contacts, characterized by a small social network, infrequent interactions, and
often, living alone. It is a quantifiable metric of an individual's structural integration into society.
Loneliness, in contrast, is a subjective, negative emotional state that arises when an individual
perceives their social relationships as inadequate in quality or quantity. It is entirely possible for an
individual to be socially isolated without feeling lonely, just as one can feel profoundly lonely despite
being embedded in a large social network. Social support encompasses the tangible and intangible
resources provided by a social network, including emotional validation, informational guidance, and
instrumental assistance, such as help with transportation or managing finances. While these
constructs frequently overlap and interact, isolating the specific effects of objective social isolation
is crucial for epidemiological modeling and the design of structural public health interventions [6].
Interventions aiming to increase community transport or establish congregate meal programs, for
example, directly target objective isolation, whereas cognitive-behavioral therapies are more suited
to addressing subjective loneliness.

2.2 Physiological Pathways Linking Isolation to Mortality

The pathways through which objective social isolation translates into increased mortality risk are
multifaceted, involving a complex interplay of behavioral, psychological, and physiological
mechanisms. Behaviorally, socially connected individuals are more likely to engage in health-
promoting activities, adhere to medical regimens, and avoid deleterious behaviors such as
excessive alcohol consumption or smoking, largely due to the regulatory influence and
encouragement of their social network. The absence of this social control in isolated individuals
significantly elevates health risks. Psychologically, prolonged isolation can precipitate depressive
symptoms and chronic psychological stress. However, the most profound impacts of social isolation
are often observed at the physiological level. Chronic social isolation acts as a persistent social
stressor, leading to the dysregulation of the hypothalamic-pituitary-adrenal axis and the sympathetic
nervous system [7]. This chronic stress response is characterized by elevated levels of circulating
cortisol, increased systemic inflammation, and altered immune function. Over time, this heightened
inflammatory state accelerates the progression of atherosclerosis, increases the risk of
cardiovascular events, and impairs the body's ability to combat infectious diseases or recover from
acute health shocks. Furthermore, the lack of cognitive stimulation associated with social isolation
is a recognized risk factor for accelerated cognitive decline and the onset of dementia, conditions
that independently carry a high mortality burden.

2.3 The Shift Toward Trajectory-Based Analysis

Vol. 1, Issue 2 (2026) 79



Public Health and Society | https://phsjournal.org

Historically, epidemiological research on aging has relied heavily on baseline measurements to
predict long-term outcomes. However, the paradigm is shifting toward a life-course perspective that
emphasizes the importance of longitudinal trajectories. A trajectory represents the pattern of an
exposure or condition over time, capturing not only the presence or absence of a risk factor but also
its duration, onset, and volatility. In the context of social isolation, understanding trajectories is
paramount. An individual who experiences a brief period of isolation following a residential move
may face entirely different health consequences compared to someone who has endured decades
of chronic, unremitting isolation [8]. By characterizing distinct trajectories, researchers can
investigate whether there is a critical period during which social isolation is particularly harmful, or
if the risk is strictly cumulative, akin to a dose-response relationship. This nuanced understanding
is essential for determining the optimal timing for interventions. If the risk is primarily cumulative,
early and sustained interventions are necessary. If the risk is reversible upon re-establishing
connections, then interventions deployed even late in life could yield substantial mortality benefits.
Trial simulation provides an ideal testing ground for these hypotheses, allowing researchers to
precisely manipulate exposure trajectories and observe the simulated outcomes without the ethical
and logistical constraints of conducting decades-long randomized controlled trials in frail
populations.

2.4 The Concept of Target Trial Emulation

Target trial emulation is an advanced epidemiological framework designed to align the analysis of
observational or simulated data as closely as possible with the rigorous structure of a hypothetical
randomized controlled trial. The core principle involves explicitly defining the protocol of the ideal,
but perhaps unfeasible, trial that would definitively answer the causal question at hand. This protocol
specifies the eligibility criteria, the treatment strategies to be compared, the assignment procedures,
the follow-up period, the precise definitions of outcomes, and the statistical analysis plan. Once this
hypothetical target trial is articulated, researchers use available longitudinal data to emulate it. This
approach demands rigorous handling of time zero, which is the point at which eligibility is met and
follow-up begins, to prevent immortal time bias. It also requires the application of sophisticated
causal inference methods to appropriately adjust for baseline and time-varying confounders,
thereby simulating the exchangeability that randomization achieves in a true experimental setting
[9]. In the context of our study, applying target trial emulation to synthetic data allows us to rigorously
evaluate the causal impact of different social isolation trajectories on mortality, ensuring that the
simulated results are robust, transparent, and directly comparable to the highest standards of
evidence generation.

3. Trial Simulation Methodology
3.1 Study Design and the Target Trial Protocol

The methodology of this paper centers on the design and execution of a complex simulation study
anchored in the principles of target trial emulation. We first establish the protocol for our hypothetical
target trial. The overarching objective of this trial is to estimate the causal effect of distinct, sustained
social isolation trajectories on all-cause mortality over a ten-year follow-up period among
community-dwelling adults aged sixty-five and older. The eligibility criteria for the simulated cohort
mirror those typical of aging studies: participants must be free of terminal illnesses at baseline,
possess sufficient cognitive function to provide informed consent in a real-world scenario, and live
independently in the community rather than in institutional care settings. The time zero for each
simulated individual is defined as their sixty-fifth birthday or the point of entry into the simulated
study if they are older. The outcome of interest is time to all-cause mortality, measured in months
from time zero up to the maximum follow-up of one hundred and twenty months.
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Target Trial Emulation framework for Social Isolation Trajectories and mortality

OBSERVATIONAL DATA INPUTS ———— HYPOTHETICAL RANDOMIZED TRIAL PROTOCOL
1. Study Population A. ELIGIBILITY CRITERIA B. TREATMENT STRATEGIES (Trajectories)
o o
< — Strat 1
L O [E= IR Consioa iy Low et ===
@ = TO T1 T2.
' Strategy 2: e
- Minimum age (e.g., 65+) |[—p Consistently High Isolation
- Free of baseline outcome T ThETd..
(e.g.. mortality) b Strategy 3: e i
e e Dynamic - Increasing Isolation
2. Social Isolation Measures e over time Tor T e
e e \_, Strategy 4:
= Dynamic - Dy i i iy
N C. ASSIGNMENT AT
- Social Network Score BASELINE
- Contact Frequency D. FOLLOW-UP PERIOD & DATA ALIGNMENT
- Loneliness scales
— e
SCRTE | | (R 7o =€D
A - - Assessment intervals (To, T1, T2, ... Tn)
|| BE— - Random assignment to - Collection of time-varying variables aligned
¥ strategies at eligibility l with treatment strategies.
Time-Varying Covariates
Functional Decline E. !A;?IN(I; TIME-VARYING CONFOUNDERS
Contil unctional .
. variables . >  decline S——————> _ Social Subsequent
——=— tracking Com: ¢ n risk o
[ADLs/ IADLs =1 —1T 1 Recursive-relationship with = trajectories mortality
Comorbidity Burden social isolation trajectories
@ & @ :
‘ i )
iti e’@ F. INVERSE PROBABILITY G. MORTALITY OUTCOME
Cognitive Status C—? WEIGHTING (IPW) ESTIMATION A
¥ = E AUSAL HAZARD RATIOS
s =5 (HRs] for MORTALITY
Outcome Data Pr(AI C) =
Time
Mortality e ot Estimating weights for each individual Causal Model
statusand [ at each time point based on adherence (e.g.. Weighted Cox
time-to-event | =1 1 to thenr assigned isolation lna;eciory F'ropomonal
= S rategy, conditional on thei lazards Model)
covariate history.

Figure 1: Comprehensive Schematic of Target Trial Emulation Framework for Social Isolation Trajectories

The treatment strategies in our target trial are defined as specific adherence to assigned social
connectivity patterns. Unlike a simple point exposure, these strategies require continuous
adherence over time. The primary strategies compared are: one, continuous social integration,
where the individual remains non-isolated for the entire duration; two, incident isolation, where the
individual transitions from integrated to isolated and remains so; three, recovered integration, where
an initially isolated individual transitions to a non-isolated state; and four, chronic isolation, where
the individual remains isolated throughout the entire follow-up period. By simulating these specific
protocols, we can investigate the independent effects of duration, onset, and recovery on survival
probabilities, providing a level of detail that surpasses traditional static baseline assessments.

3.2 Synthetic Cohort Generation and Baseline Characteristics

To conduct the simulation, we generate a highly detailed synthetic cohort of ten thousand
individuals. The generation process utilizes advanced statistical distributions and correlation
matrices derived from robust, real-world population-based aging studies to ensure the synthetic
data realistically reflects the complex interplay of demographic, socioeconomic, and health-related
variables found in actual older adult populations. Baseline variables include age, biological sex,
educational attainment, household income, and marital status. We also simulate baseline health
status using a composite comorbidity index and a measure of functional independence, specifically
focusing on activities of daily living [10].

The simulation engine introduces realistic correlations among these variables. For example, lower
educational attainment is probabilistically linked to lower income, higher baseline comorbidity, and
a greater propensity for baseline social isolation. Social isolation itself is simulated as a binary state
at each time point, determined by a latent continuous variable representing a social connectivity
score. This score incorporates simulated responses regarding the size of the social network,
frequency of contact with family and friends, and participation in community groups. A threshold is
applied to this latent score to categorize individuals as isolated or not isolated at any given month
during the follow-up. This meticulous generation of baseline characteristics and underlying risk
profiles is critical for creating a valid substrate upon which the longitudinal simulation can unfold.

Table 1: Baseline Demographic and Health Characteristics of the Simulated Synthetic Cohort

Characteristic Total Cohort Continuously Integrated Chronically Isolated
Total Simulated 10000 4500 1500
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Characteristic Total Cohort Continuously Integrated Chronically Isolated
Participants
Mean Age at Baseline in 72 4 70.8 74.5
Years
Proportion Female 54.2 56.1 51.3
High Qomorbidity Index 315 24.2 45.8
Baseline
Mobili.ty Impairment 187 12.4 33.6
Baseline

3.3 Simulating Time-Varying Confounding and Attrition

The hallmark of a rigorous longitudinal simulation is the accurate modeling of time-varying variables
that act as both confounders and mediators. In our simulated environment, health status and
functional independence are not static; they evolve over time. We model health decline using
stochastic processes where the probability of developing a new comorbidity or experiencing a
decline in mobility increases with age and is influenced by the current state of social isolation.
Crucially, we incorporate the feedback loop that characterizes real-world aging dynamics: an acute
health event, such as a simulated fall or stroke, significantly increases the probability of transitioning
into a state of social isolation in subsequent months due to reduced mobility and increased reliance
on home-based care.

This dynamic creates classic time-varying confounding. The changing health status confounds the
relationship between subsequent social isolation and mortality, and is simultaneously affected by
previous social isolation status. Furthermore, we must account for right-censoring in the simulation.
Individuals may drop out of the study for reasons other than mortality, such as moving out of the
geographical study area or loss to follow-up. We simulate censoring mechanisms that are
conditionally dependent on observed time-varying covariates, ensuring that the dropout patterns
introduce a realistic level of informative censoring. Addressing these complex methodological
challenges through careful simulation design is paramount for the subsequent analytical phases to
yield unbiased estimates of mortality risk associated with the defined trajectories.

4. Trajectory Modeling and Analysis
4.1 Adjustment for Dynamic Selection Bias

The presence of time-varying confounding affected by prior exposure renders traditional regression
adjustment techniques, such as standard Cox proportional hazards models with time-varying
covariates, inherently biased. Such models typically adjust away the mediating effects of health
decline, thereby underestimating the true total effect of chronic isolation on mortality, while
simultaneously inducing collider stratification bias [11]. To appropriately address this dynamic
selection bias in our simulation, we employ marginal structural models estimated via inverse
probability of treatment weighting.

The analytical procedure involves constructing a series of logistic regression models for each time
point in the longitudinal dataset. The first set of models estimates the probability of an individual
experiencing their observed isolation status at time t, conditional on their baseline characteristics,
their past exposure history up to time t minus one, and their evolving health covariate history up to
time t. These estimated probabilities are then used to calculate subject-specific weights. Individuals
whose observed isolation status runs contrary to expectation based on their covariate history
receive higher weights, effectively creating a pseudo-population where the time-varying
confounders are perfectly balanced across the different exposure trajectories. A similar weighting
procedure is conducted to account for informative right-censoring, estimating the probability of
remaining in the study at each time point. The final stabilized weights are the product of the
treatment weights and the censoring weights.
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4.2 Estimating Survival Probabilities Across Trajectories

Once the pseudo-population is established through the application of the stabilized inverse
probability weights, we can proceed to estimate the survival outcomes associated with the specific
social isolation trajectories defined in our target trial protocol. We fit a pooled logistic regression
model, which closely approximates a Cox proportional hazards model when the time intervals are
narrow, such as the monthly intervals used in our simulation. The dependent variable in this
model is the binary indicator of mortality at each discrete time point. The primary independent
variables are the indicators for the predefined social isolation trajectories.

Because we are utilizing marginal structural models on the weighted pseudo-population, the
resulting parameter estimates can be interpreted as marginal causal hazard ratios, reflecting the
comparative mortality risk of following a specific isolation trajectory relative to the reference category
of continuous social integration, assuming the simulation parameters accurately reflect unmeasured
confounding assumptions. To translate these hazard ratios into more interpretable metrics for public
health communication, we also estimate the standardized survival curves for each trajectory. This
involves using the weighted model to predict the probability of survival at each month for the entire
synthetic cohort under the counterfactual scenario that everyone had followed a given trajectory.
This analytical approach provides a comprehensive, rigorous, and visually accessible method for
demonstrating the cumulative burden of dynamic social isolation over the aging life course [12].
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Figure 2: Standardized Simulated Survival Curves by Social Isolation Trajectory

5. Results and Discussion
5.1 Simulated Trajectory Findings and Mortality Risk

The application of the target trial emulation framework and marginal structural modeling to our
synthetic cohort yields compelling simulated evidence regarding the differential impacts of social
isolation trajectories on mortality. The unadjusted, raw simulation data initially suggested a strong
association across all forms of isolation. However, upon rigorous adjustment for time-varying health
decline and informative censoring using inverse probability weighting, the distinct hazard profiles of
the specific trajectories became evident.

The simulated results establish continuous social integration as the optimal trajectory for maximizing
survival probability over the ten-year follow-up period. Using this continuously integrated group as
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the reference baseline, the analysis reveals that chronic, unremitting social isolation confers the
highest risk of mortality. Individuals simulated to follow the chronic isolation protocol demonstrated
a substantially elevated hazard ratio, indicating that the cumulative physiological and psychological
burden of sustained isolation severely compromises longevity. Notably, the trajectory representing
incident isolation, where individuals transitioned from integrated to isolated during the follow-up,
also exhibited a significantly higher mortality risk compared to the reference group, though the
magnitude was lower than that of the chronically isolated group. This suggests a temporal dose-
response relationship, where the duration of exposure to the isolated state is directly proportional
to the accumulation of mortality risk.

Table 2: Estimated Marginal Hazard Ratios for All-Cause Mortality by Simulated Trajectory

So.tl:_ial_ Isolation Weighted Hazard Ratio Lower Confidence Upper Confidence
rajectory Interval Interval
Continuous Integration 1.00 Reference Reference

Recovered Integration 1.34 1.18 1.52

Incident Isolation 1.62 1.45 1.81

Chronic Isolation 215 1.93 2.40

Perhaps the most public-health-relevant finding from the simulation is the outcome associated with
the recovered integration trajectory. In this scenario, individuals who began the follow-up period in
a state of isolation but subsequently transitioned to a sustained non-isolated state demonstrated a
substantial reduction in mortality risk compared to those who remained chronically isolated. While
their risk remained slightly elevated compared to those who were never isolated, the partial
mitigation of hazard underscores the concept of reversibility. The simulated data suggest that the
physiological stress responses and behavioral deficits induced by isolation can be partially
ameliorated upon the restoration of adequate social connectivity, presenting a critical window of
opportunity for targeted interventions.

5.2 Contextualizing the Simulation Evidence

The findings generated by our advanced simulation models align with and extend the theoretical
foundations established in contemporary gerontological literature. Traditional observational studies
have consistently reported hazard ratios for mortality associated with point-in-time isolation ranging
from one point two to one point five [13]. Our simulated hazard ratio for chronic isolation, exceeding
two point zero, highlights the potential underestimation of risk in studies that fail to account for the
sustained, cumulative nature of the exposure. By strictly separating the trajectories, the simulation
reveals that transient isolation, while harmful, is significantly less detrimental than chronic exposure.

Furthermore, the simulation results validate the necessity of employing analytical methods that
handle time-varying confounding. When we ran standard time-dependent Cox models on the same
synthetic dataset, the hazard ratio for chronic isolation was artificially attenuated. This attenuation
occurred because the standard models treated the intermediate health declines, which were partly
caused by early isolation, strictly as confounders rather than mediators, thereby blocking a portion
of the causal pathway. The implementation of inverse probability weighting successfully preserved
these indirect pathways, providing a more accurate estimation of the total detrimental effect of social
isolation over time. This methodological demonstration emphasizes that future empirical research
must adopt similar causal inference frameworks to avoid systematic bias when evaluating complex
psychosocial exposures in aging populations.

5.3 Limitations of the Simulation Approach

While trial simulation and target trial emulation provide powerful tools for exploring complex
epidemiological dynamics, it is crucial to acknowledge the inherent limitations of this approach. First
and foremost, the validity of the simulated findings is entirely dependent on the structural
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assumptions and parametric inputs of the data generation process. Although our simulation
parameters were carefully derived from robust empirical literature, they remain approximations of
reality. Unmeasured complexities, such as the qualitative nature of the social interactions or the
specific cultural context of the aging experience, were necessarily simplified in the synthetic
generation algorithms.

Secondly, the simulation relies on the assumption of no unmeasured confounding, a fundamental
requirement for all causal inference methodologies applied to observational or synthetic data. In the
real world, there may be subtle, unquantifiable factors, such as deep-seated personality traits,
lifelong psychological resilience, or specific genetic predispositions, that simultaneously influence
both an individual's propensity for long-term social isolation and their inherent mortality risk. If these
unmeasured factors represent substantial confounders, the hazard ratios estimated in our models
may still retain some degree of bias. Finally, while the simulation categorizes individuals into distinct
trajectories for analytical clarity, actual human social behavior is infinitely more granular and fluid.
Transitions between isolated and integrated states are rarely binary and absolute. Therefore, while
the simulation provides excellent directional evidence and a robust methodological framework, the
precise magnitude of the estimated effects should be interpreted as theoretically indicative rather
than strictly predictive of individual real-world outcomes.

6. Conclusion
6.1 Summary of Methodological and Simulated Outcomes

This paper systematically investigated the complex relationship between dynamic social isolation
trajectories and mortality risk in older adult populations through the innovative application of trial
simulation and target trial emulation methodologies. By constructing highly detailed synthetic
longitudinal cohorts and defining rigorous hypothetical trial protocols, we successfully addressed
the pervasive methodological limitations of traditional observational studies, most notably dynamic
selection bias and time-varying confounding. The application of marginal structural models and
inverse probability weighting revealed stark differences in survival probabilities depending on the
timing and duration of exposure to social isolation. The simulated evidence conclusively
demonstrated that chronic, sustained social isolation represents a profound risk factor for premature
mortality, exacting a toll that significantly exceeds estimates derived from static baseline
measurements. Furthermore, the analysis illuminated the temporal dynamics of this risk, showing
that while incident isolation accelerates health decline, transitioning out of isolation into a state of
recovered integration can substantially mitigate the accumulated hazard, highlighting the non-
deterministic nature of this psychosocial exposure.

6.2 Implications for Public Health and Geriatric Policy

The findings derived from this robust simulation framework carry significant implications for the
design and implementation of public health policies and geriatric care models. The clear evidence
that the mortality risk associated with social isolation is partially reversible strongly supports the
prioritization of structural and community-based interventions aimed at reconnecting isolated older
adults. Policymakers must view social isolation not merely as a personal misfortune, but as a critical,
modifiable determinant of population health that warrants aggressive intervention. Strategies such
as enhancing community transportation infrastructure, establishing age-friendly community centers,
integrating social prescribing into primary care practices, and facilitating digital literacy programs for
older adults are essential mechanisms for disrupting chronic isolation trajectories. Moreover, the
dynamic nature of the risk underscores the need for continuous, longitudinal screening for social
isolation in clinical settings, rather than relying on one-time assessments. By proactively identifying
older adults at risk of incident isolation, particularly following acute health events or major life
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transitions, healthcare systems can deploy targeted resources to prevent the transition into chronic
isolation, thereby safeguarding the healthspan and longevity of the aging population. Future
empirical research should strive to emulate the rigorous methodological standards demonstrated in
this simulation, moving beyond static analyses to fully capture the dynamic impact of the social
environment on human health.
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