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Executive Summary

Health outcomes are shaped not only by clinical care, but also by social, economic, and
environmental conditions. Over the last two decades, research has increasingly emphasized
that “place” influences mental health, chronic disease risk, physical activity patterns, and even
mortality, often through mechanisms that operate upstream of healthcare delivery. Peer-
reviewed evidence indicates that socioeconomic conditions (e.g., income, education,
neighborhood deprivation) are fundamental drivers of health outcomes and disparities. (PMC)

Healthcare systems and public agencies have responded with Social Determinants of Health
(SDOH) screening tools, neighborhood risk indices, and geographic dashboards. But most
current approaches remain descriptive, focusing on correlations between area-level conditions
and population outcomes. They typically do not answer a critical operational question:

For a specific person (or subgroup), which environments are likely to amplify risk, and which
environments are likely to stabilize health and well-being?

This white paper introduces a Behavioral-Environmental Mapping System (BEMS) based on
the patent-pending Computer-Implemented Behavioral-Environmental Compatibility
Optimization System (CIBECOS) designed to address that gap through compatibility modeling:

1. Capture structured behavioral and psychosocial factors relevant to environmental
interaction (e.g., social connection needs, stress sensitivity, activity orientation).

2. Map those factors to multidimensional environmental determinants (e.g., neighborhood
poverty, air pollution, walkability, green space access, safety).

3. Generate a Predictive Environmental Health Stability Index (EHSI) that estimates the
probability that an environment will stabilize or amplify risk for that individual or cohort.

The system is designed as decision-support intelligence, not a diagnostic tool and not a
replacement for clinical judgment. Its institutional value is in enabling risk stratification and
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preventative planning in domains such as Medicaid managed care, behavioral health, employer
benefits, and public health resource allocation.

This concept is strongly aligned with established evidence in three areas:

e Neighborhood and socioeconomic context are associated with mental health
outcomes in prospective and multilevel research. (PMC)

e Randomized mobility evidence (Moving to Opportunity) suggests that relocating from
high-poverty to lower-poverty neighborhoods can improve adult mental health and
subjective well-being over the long term. (PubMed)

o Environmental exposures such as air pollution, green space access, and built
environment design are linked to depression/anxiety risk, physical activity levels, and
mental health protection in meta-analyses and large cohort studies. (ScienceDirect)

Where current systems stop at “risk by ZIP code,” CIBECOS extends into “risk by person x
environment,” using an interaction framework consistent with neighborhood effects
methodology and multilevel inference guidance. (PMC)

1. The Problem: Measuring Environment Without Predicting
Fit

1.1 SDOH is widely recognized, but operationally underpowered

A growing research consensus describes socioeconomic conditions and neighborhood
environments as foundational determinants of health outcomes and inequities. Braveman &
Gottlieb (2014) describe socioeconomic conditions as “fundamental causes” shaping a wide
range of health outcomes via multiple pathways, including chronic stress, opportunity
structures, and cumulative exposure. (PMC)

Woolf & Braveman (2011) similarly emphasize that disparities are only partly explained by
clinical care differences and that upstream social and economic factors drive substantial
portions of health disparities. (Health Affairs)

These conclusions have pushed healthcare organizations toward SDOH screening and
community risk measurement. Yet the current generation of tools focuses on
presence/absence of social risks, not the interaction between who someone is and where they
live.

1.2 Existing models are descriptive and ecological
Most SDOH tools and neighborhood dashboards rely on area-level indicators (census tract, ZIP

code, county) and associate them with aggregated outcomes. This is useful, but it creates a
predictable limitation:
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e Itidentifies where adverse conditions exist.
e It does not predict reliably how those conditions will affect a given person or subgroup.

Neighborhood effects research has long warned that pure ecologic inference can lead to
misinterpretation, and it emphasizes the importance of contextual/multilevel approaches that
incorporate individual-level variables and mechanisms. (PMC)

1.3 Why “fit” matters: heterogeneity of environmental effects

Environmental exposures do not influence all people equally. Even when neighborhood risk
factors are real, the magnitude and direction of impact may vary by:

e baseline stress sensitivity

e social support availability

¢ behavioral coping strategies

e mobility constraints

e age and life stage

¢ individual socioeconomic position

This heterogeneity is a central reason that “place-based policy” and “place-based care” remain
difficult: the same environmental condition can be stabilizing for one profile and destabilizing
for another.

2. Scientific Rationale: What Peer-Reviewed Evidence
Supports

This section builds the evidence base for why a Behavioral-Environmental compatibility model
is both plausible and institutionally relevant, while staying scientifically careful about causality
and confounding.

2.1 Neighborhood socioeconomic disadvantage and depression risk

Prospective and multilevel studies have reported associations between neighborhood poverty
and incident depression. Galea et al. (2007), using a population-based cohort design, examined
neighborhood poverty in relation to incident depression and reported higher odds of incident
depression among residents of poorer neighborhoods, even after accounting for individual
characteristics. (PMC)

These findings support the idea that neighborhood socioeconomic context is not simply a
“background variable,” but may exert influence via pathways such as stress exposure, social
disorder, resource scarcity, and reduced opportunity, mechanisms consistent with broader
SDOH theory. (PMC)
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2.2 Randomized mobility evidence: Moving to Opportunity (MTO)

One of the strongest evidence bases for neighborhood context affecting well-being comes from
randomized mobility experiments.

Ludwig et al. (2012) analyzed long-term outcomes from the Moving to Opportunity randomized
housing mobility experiment and found that moving from high-poverty to lower-poverty
neighborhoods led to long-term improvements in adult physical and mental health and
subjective well-being. (PubMed)

A related long-term analysis further summarizes that 10-15 years after baseline, MTO improved
adult mental and physical health and subjective well-being, while showing limited or mixed
effects in certain other domains. (American Economic Association)

Importantly, this evidence strengthens causal inference because assignment to the opportunity
to move was randomized, reducing (though not eliminating) confounding concerns that
undermine purely observational neighborhood comparisons.

2.3 Environmental exposures: air pollution and depression/anxiety
Environmental determinants are not only social; they include physical exposures.

A systematic review and meta-analysis by Borroni et al. (2022) synthesized evidence on air
pollution exposure and depression, drawing on dozens of studies and highlighting an
association between pollution exposure and depressive outcomes. (ScienceDirect)

Large cohort evidence also suggests associations between long-term exposure to multiple air
pollutants and incident depression and anxiety. For example, a cohort study of hundreds of
thousands of participants reported that joint exposure to multiple pollutants was associated
with increased risk of depression and anxiety. (JAMA Network)

These findings support the inclusion of air quality as a key environmental variable in
compatibility modeling, particularly for individuals who are physiologically or psychologically
sensitive to environmental stressors.

2.4 Protective exposures: green space and mental health

Green space exposure has been linked with mental health benefits in multiple studies, including
large cohorts and systematic reviews.

A Lancet Planetary Health study reported evidence suggesting green and blue space exposure
has protective associations against common mental health disorders, with stronger or clearer
patterns in some subgroups. (The Lancet)
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A 2022 review in Biological Psychiatry: Global Open Science summarizes cross-sectional and
longitudinal evidence associating objectively measured green space exposure with lower
incidence and/or severity of psychopathology symptoms (including depression-related
outcomes) across multiple studies. (ScienceDirect)

More recent systematic reviews also report protective associations between neighborhood
green space and mental health, including in disadvantaged groups. (Nature)

This evidence supports the inclusion of green space access and quality as an environmental
determinant that may buffer stress, support physical activity, and improve well-being—while
recognizing that effect sizes and mechanisms vary by context and study design.

2.5 Built environment and physical activity behavior

Physical activity is a major health mediator and built environment design can influence activity
behavior.

A large multi-country study in The Lancet found relationships between objectively measured
attributes of urban environments and objectively measured physical activity, suggesting that
activity-supportive neighborhoods can account for meaningful differences in activity levels.
(The Lancet)

This supports inclusion of walkability, transport infrastructure, and access to activity-supportive
spaces as variables that interact with individual activity predispositions and health goals.

2.6 Social connection and mortality risk (why “belonging” matters clinically)

The health significance of social connection is not merely psychological; it has mortality
implications.

Meta-analytic evidence indicates that loneliness and social isolation are associated with
increased risk for early mortality. (PubMed)

Earlier meta-analytic work similarly found that stronger social relationships are associated with
increased likelihood of survival. (PLOS)

These findings justify the inclusion of social connection capacity and community integration
factors within behavioral profiles and environmental models, especially for populations at risk
of isolation (older adults, recently relocated families, remote workers, individuals with
depression/anxiety).

3. The Core Gap: Compatibility Modeling Is Missing
Infrastructure
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3.1 What current approaches do well

Current SDOH programs and area-based indices are valuable for:
e |dentifying high-risk communities
e Allocating public resources

e Planning access strategies
o Screening for immediate social needs

3.2 What they typically do not do
They generally do not:
e Predict differential responses to the same environment
o Estimate person-level environmental stress amplification
e Model fit/compatibility as a probabilistic stability driver
e Integrate individual behavioral predispositions with local determinants into one

interpretable output

This gap is where BEMS is positioned: as a predictive decision-support layer that complements
existing SDOH measurement rather than replacing it.

4. The BEMS Framework and Outputs

4.1 Overview
BEMS is a patent-pending system that accepts two primary inputs:

1. Behavioral & psychosocial vectors (individual-level)
2. Environmental determinant matrices (place-level)

It produces:
e Environmental Health Stability Index (EHSI) score
e risk tier classification (low/moderate/high misalignment)

e interpretability breakdown (which variables drive risk)
e confidence scoring (quality/coverage of data)

4.2 Behavioral & psychosocial profiling
BEMS uses structured inputs that reflect environmental interaction tendencies, such as:

e social connection need vs isolation tolerance



e sensory sensitivity (noise/crowding)

e activity orientation and preferences

e stress reactivity and coping style tendencies

e occupational structure preference (high competition vs stable routine)
o family demands and stability constraints

These are not diagnoses. They are behavioral dimensions that, in interaction with environment,
influence outcomes like activity, social integration, stress exposure, and health behavior
adherence.

4.3 Environmental determinant matrices

BEMS incorporates multidimensional determinants, with emphasis on variables supported by
peer-reviewed associations:

e Neighborhood poverty/deprivation indicators (PMC)

e Air quality and pollution exposure (ScienceDirect)

e Green space exposure and access (The Lancet)

¢ Built environment activity-supportiveness (The Lancet)

¢ Social cohesion proxies and isolation risk factors (PubMed)

4.4 The Environmental Health Stability Index (EHSI)
The EHSI is a probabilistic compatibility score designed to estimate:
o likelihood of environmental stress amplification
o probability of isolation risk given community structure and personal profile
o probability of sustaining health behaviors (e.g., physical activity) in that environment

¢ likelihood of destabilization under relocation or environmental change

BEMS is positioned as predictive analytics: it estimates risk patterns; it does not claim to
diagnose or prescribe.

5. Institutional Use Cases and Why They Matter

5.1 Medicaid managed care and value-based incentives

MCOs are incentivized to prevent avoidable utilization and improve long-term outcomes.
Environmental instability is a plausible driver of:

e Care fragmentation
e ED utilization
¢ Relapse cycles in behavioral health
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e Non-adherence to chronic disease management

BEMS supports identification of “environmental misalignment” cohorts and helps target
preventative investments.

5.2 Behavioral health systems and relapse prevention planning
Behavioral health outcomes are influenced by social connection, chronic stress exposure, and
environmental triggers—domains supported by evidence across neighborhood effects, isolation
research, and environmental exposures. (PubMed)
BEMS can function as:

¢ anintake context layer

e astabilization planning input
e acommunity resource alignment tool

5.3 Employer health and relocation programs
While not “clinical,” employer programs are large leverage points because relocation mismatch
and isolation can increase psychological distress and destabilize routines—risk factors relevant

to productivity and claims.

BEMS provides pre-relocation risk stratification and support targeting, framed as decision-
support rather than clinical advice.

5.4 Public health planning
Public health agencies allocate resources based on area risk. BEMS adds the ability to model

how risk concentrates in specific profiles, which may improve targeting of interventions (green
space investments, pollution mitigation, social prescribing strategies, community programs).

6. Methodological Rigor: Avoiding Overclaiming and Designing
for Validity

6.1 Avoiding ecological fallacy

Diez Roux (2001) outlines strategies for neighborhood effects research and clarifies differences
between ecologic studies and multilevel/contextual designs, emphasizing that purely area-level
inference can mislead if individual-level mechanisms are not accounted for. (PMC)
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BEMS addresses this by design:

e itincludes individual-level behavioral vectors (not just area-level risk)
e it models interaction effects (person x place)
e it supports validation through multilevel and longitudinal designs

6.2 Confounding and causal language discipline
BEMS does not claim:

e “Xneighborhood causes Y outcome for everyone”
e “Relocation fixes mental health”
e “Green space cures depression”

Instead, BEMS claims:

e Certain determinants are associated with outcomes in peer-reviewed research

e Randomized mobility evidence suggests neighborhood context can affect adult mental
health outcomes (PubMed)

e The system estimates compatibility probabilities and risk tiers, which require empirical
validation

6.3 Validation pathway
BEMS should be validated in three phases:

1. Construct validation: EHSI correlates with validated scales (PHQ-9, GAD-7) and well-
being measures

2. Predictive validity: EHSI predicts future outcomes (utilization, stability metrics) in
longitudinal cohorts

3. Impact validation: using EHSI-informed interventions improves outcomes or reduces
costs versus standard practice

7. Regulatory and Ethical Positioning

BEMS is positioned as:

e Decision-support analytics
e Environmental and psychosocial risk stratification
e Population health planning support
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It is not a clinical decision automation system and is designed to avoid diagnostic claims. This
reduces regulatory risk while preserving institutional utility.

Ethical safeguards should include:

e Bias audits

e Interpretability tools

e Restrictions on harmful uses (e.g., exclusionary housing decisions)
e Focus on supportive interventions

8. Strategic Conclusion: The Missing Layer in Preventative
Health

Healthcare increasingly recognizes that risk is shaped by social and environmental exposure.
The literature supports meaningful associations between:

e Neighborhood socioeconomic context and depression risk (PMC)

e mobility to lower-poverty neighborhoods and improved adult mental health in
Randomized evaluation (PubMed)

e Pollution exposure and depression/anxiety risk (ScienceDirect)

e Green space exposure and mental health protection (The Lancet)

¢ Social isolation and mortality risk (PubMed)

e Built environment and physical activity behavior (The Lancet)

Yet institutions still lack a practical way to translate these insights into person-level predictions
and action.

BEMS proposes a new category:

Predictive Environmental Health Intelligence — modeling the interaction between behavioral
profiles and environmental determinants to produce interpretable risk and stability scores.

The strategic value is not in claiming universal causality, but in enabling better targeting, better
prevention, and better allocation under value-based incentives, behavioral health stabilization
goals, and public health planning mandates.
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