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I. INTRODUCTION

Healthcare systems worldwide increasingly acknowledge that medical interventions alone are insufficient to
address disparities in health outcomes. SDOH represents the social, economic, and environmental factors that
shape health and well-being. Recognizing and addressing these determinants is essential for improving health

equity and ensuring access to high-quality care for diverse populations.

The evolving healthcare landscape increasingly recognizes the pivotal role played by social determinants of
health (SDH), such as socioeconomic status, education, housing, and environmental factors, in shaping individual
and community health outcomes. Addressing these determinants alongside traditional medical interventions is

essential for achieving health equity and enhancing the cost-efficiency of healthcare systems. Evidence suggests
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that integrating SDH data into healthcare frameworks can significantly improve health outcomes while lowering

costs, particularly for vulnerable populations [1].

Technological advancements in data engineering and analytics provide the tools to make this integration feasible.
From the effective use of electronic health records (EHRs) to deploying artificial intelligence for predictive
modeling, healthcare providers are leveraging data to uncover actionable insights about SDH. However,
significant barriers remain, including data standardization and the need for more evidence for actionable

interventions based on SDH data [2].

This article aims to bridge these gaps by exploring the intersection of SDH and data engineering, reviewing
successful case studies, and proposing strategies for scalable and sustainable healthcare optimization. By analyzing
lessons learned from state Medicaid programs and other healthcare initiatives, this paper contributes to the

development of comprehensive frameworks for improving community health cost-effectively [3]

The objective of this paper covers the following details

Define SDOH and their impact on health outcomes.
Explore the intersection of race, ethnicity, and gender within the SDOH framework.

Highlight the role of data engineering in operationalizing SDOH.

Provide actionable strategies for integrating SDOH into healthcare models.

II. SOCIAL DETERMINANTS OF HEALTH (SDOH) AND THEIR IMPORTANCE IN IMPROVING COMMUNITY HEALTH

A.  What Are Social Determinants of Health (SDOH)?

Social Determinants of Health (SDOH) are the non-clinical factors influencing individual and community health
outcomes. These determinants include social, economic, and environmental conditions where individuals are

born, grow, live, work, and age, shaped by systems and policies at local, national, and global levels [4].
The five primary domains of SDOH and the details are explained below.
e Economic Stability: Includes income, employment, and financial security.

Economic stability directly impacts an individual’s ability to afford basic needs such as food, transportation,
housing, and healthcare. Financial insecurity, unemployment, or low-wage employment can lead to stress-
related illnesses, limited access to nutritious food, and inadequate housing conditions. For example, stable-income
individuals are more likely to maintain a healthy diet, reducing the risk of chronic diseases such as diabetes and
heart disease. In contrast, those living in poverty may experience food insecurity, housing instability, and an
inability to access necessary medical care. Government initiatives, such as the Supplemental Nutrition Assistance
Program (SNAP) and the Earned Income Tax Credit (EITC), aim to mitigate the impact of economic challenges

by providing financial support to low-income families.
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e Education Access and Quality: Encompasses literacy, school quality, and access to higher education.

Education shapes individuals’ understanding of health, their ability to access healthcare services, and their long-
term economic stability. Higher levels of education are strongly associated with better health outcomes, as they
often lead to higher-paying jobs and greater access to healthcare resources. Conversely, low educational
attainment can limit opportunities and perpetuate cycles of poverty and poor health. For instance, health
literacy—the ability to understand and act on medical information—is often tied to education levels. Programs
like the Head Start Program and Pell Grants have been instrumental in improving access to quality education for

underserved populations, fostering better health behaviors and decision-making skills.

e Healthcare Access and Quality: Refers to proximity to healthcare facilities, affordability, and availability of

insurance.

Education shapes individuals’ understanding of health, their ability to access healthcare services, and their long-
term economic stability. Better education are strongly associated with better health outcomes, as they often lead
to higher-paying jobs and greater access to healthcare resources. Conversely, low educational attainment can
limit opportunities and perpetuate cycles of poverty and poor health. For instance, health literacy—the ability
to understand and act on medical information—is often tied to education levels. Programs like the Head Start
Program and Pell Grants have been instrumental in improving access to quality education for underserved

populations, fostering better health behaviors and decision-making skills.

e Neighborhood and Built Environment: Covers housing quality, neighborhood safety, and transportation

access.

The physical and social characteristics of neighborhoods greatly affect health outcomes. Safe housing, clean air,
access to healthy food, and reliable transportation are all fundamental to well-being. On the other hand,
substandard housing conditions, exposure to environmental hazards, and unsafe neighborhoods all contribute to
chronic illnesses, mental health issues, and injuries. For example, those who live in areas with high levels of air
pollution have an increased risk for respiratory diseases. Programs such as Section 8 Housing and the Safe Routes
to School initiative give some insight into providing healthier places to live through which one could live and

practice being healthy.

e Social and Community Context: Considers social support, civic participation, and experiences of

discrimination (2, 4).

The social relationships, civic participation, and societal norms majorly contribute to individual and population
health. Whereas social support networks may buffer stress and promote mental health, social isolation and
discrimination exacerbate psychological and physical health problems. For example, the chronic stress of coping
with discrimination can raise a person's risk for hypertension and cardiovascular disease. Federal efforts, like the
Community Development Block Grants and the Violence Against Women Act, aim at creating safe and inclusive
communities that are also resourced to address discrimination and build supportive networks. All these five
domains intersects to influence health outcomes of the community members. By addressing these determinants
holistically, improvements in health equity and reductions in disparities can be realized, leading to more resilient

communities. Health systems and policymakers will be far better placed to pursue improved health for all if the
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root causes within each domain are understood and appropriately addressed. These issues must be addressed to

improve population health, reduce health disparities, and ensure fair access to available healthcare resources.
B. Why Are SDOH Important in Improving Community Health?

Social Determinants of Health are essential in improving community health because they represent most of the
causes of health outcomes outside of clinical care. Economic stability, education, and housing are just some of
the SDOHs that reduce disparities, increase preventive care, and create more equitable access to resources in

communities, thereby creating healthier, more resilient communities
Significant Impact on Health Outcomes

SDOHs are estimated to account for 80-90% of the modifiable factors influencing health outcomes, with clinical

care contributing only about 10-20% (3). For instance:

e Individuals with stable income are more likely to afford nutritious food, leading to lower rates of
obesity and chronic illnesses.
e Access to quality education equips individuals with health literacy, enabling better decision-making

regarding healthcare utilization (4).

Example: A study by the CDC revealed that residents in low-income neighborhoods face a 20-40% higher

prevalence of preventable chronic conditions like diabetes and hypertension compared to affluent areas (2).

Social and Community Context

Neighborhood and Built Environment

Economic Stability

Healthcare Access
Education Access
Figure 1: Social Determinant of Health and their impact on health outcomes

Reducing Health Disparities

Communities with limited access to SDOH-related resources often experience significant health inequities.
Marginalized groups, including Black, Hispanic, and Native American populations, face systemic barriers that

exacerbate disparities in health outcomes (5). By addressing inequities in education, housing, and healthcare
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access, governments and healthcare systems can reduce disparities and foster more equitable health

environments.

Example: Expanding Medicaid coverage under the Affordable Care Act (ACA) improved access to preventive

care for millions, disproportionately benefiting low-income and minority populations (9).

Economic Benefits

Addressing SDOH reduces healthcare costs by preventing hospitalizations and improving community health. For

example:

e Programs targeting transportation barriers have shown a 60% increase in care adherence, preventing
costly complications from missed treatments (7).
e Initiatives to address housing insecurity among homeless individuals reduced emergency department visits

by 40%, resulting in significant cost savings (6).

Government Support: Programs like Section 8 Housing and Supplemental Nutrition Assistance Program (SNAP)

alleviate financial burdens for underserved communities, improving their ability to maintain health-promoting
behaviors (8).

Promoting Community Health and Well-Being

Investing in SDOH leads to healthier, more resilient communities. Social needs, such as food security, education,
safe housing, and transportation, are important areas that promote overall well-being improvement, not just for

the health of the individual but all across the metrics of population health.

Example: The Healthy People 2030 initiative prioritizes SDOH to promote physical, mental, and social health by

addressing root causes of disparities, such as education access and neighborhood safety (5).

Enhancing Public Health Preparedness

Strong community health infrastructure, built on addressing SDOH, makes populations more resilient to public
health emergencies. During the COVID-19 pandemic, communities with robust social support systems

demonstrated better outcomes regarding vaccination rates and disease management (10).
I1I. THE ROLE OF RACE, ETHNICITY, AND GENDER IN SDOH

These are the critical dimensions of Social Determinants of Health, whether racial, ethnic, and gender. These
affect the depth and nature in which persons at each level interact with health structures, economic opportunities,
and society generally. The aforementioned will interact well with the wide domains of SDOH, such as economic
variability, education, access to healthcare, neighborhood conditions, and lastly social context, all merging into
influencing health and furthering disparities in health outcomes. Understanding these best and taking care of
them will really make a difference in ensuring that equitable health strategies are built and, therefore, general

health improvement among its diverse populations is realized accordingly.
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Race and ethnicity are often linked to systemic inequities in healthcare access, education, and economic stability.
Historical and structural racism have contributed to disparities that disproportionately affect Black, Hispanic,
Native American, and other marginalized communities. A percentage of Black and Hispanic people in the United
States live in neighborhoods devoid of healthcare facilities. This increases the risks for a lot of chronic diseases,
including diabetes and hypertension. Cultural beliefs and practices are crucial in health behavior and
communication with healthcare providers. Recognizing such cultural nuances—for example, in the role of family
within health decision-making among Hispanic populations—enhances treatment effectiveness due to a higher
level of patient-centeredness. Nevertheless, discriminatory attitudes and biased practices within health systems
create mistrust and further exacerbate inequities in accessing necessary health services. Historical trauma and
systemic neglect have played significant factors in disproportionately higher rates of adverse health outcomes

within Native American communities.

Gender is equally a determinant of health risks and access to resources. Women are usually integrated into
caregiving responsibilities, financially dependent on others, and have reduced access to maternal health care
services. This is significantly worse in rural settings where the absence of prenatal care facilities has contributed
to increased maternal and infant mortality rates. In addition, workplace inequities, such as the gender pay gap,
leave women in low-wage jobs without employer-sponsored health insurance, making it challenging to afford
preventive and necessary care. Gender-specific interventions will be required, such as programs intended to

minimize the stigma associated with mental health in men.

Intersectionality also indicates how race, ethnicity, and gender interact to create compounded disadvantages for
individuals from several marginalized groups. For example, Black women in the United States are at much higher
risks of pregnancy complications because of the dual effects of racial discrimination and gender inequities in
health care systems. Data-driven insights from public health agencies help to identify at-risk populations and

prioritize interventions that address these intersecting factors.

These disparities, by their nature, require solutions that include targeted policies and programs tailored to the
unique challenges each of these populations face. This might be promoted by cultural competency training for
healthcare providers, community partnerships with local organizations, and the collection of disaggregated data
on race, ethnicity, and gender. Examples of best practices include FQHCs providing bilingual services and
programs geared toward specific genders. The presence of these kinds of facilities has been seen to bridge the gap
in disparity among underserved communities. As these approaches are combined in the health care system, there

will be an improved move toward health equity, outcomes, and trust among these most vulnerable populations.
IV.  OPERATIONALIZING SDOH WITH DATA ENGINEERING

Integrating Social Determinants of Health (SDOH) into healthcare strategies is a complex yet critical endeavor.
Robust data engineering is the backbone for operationalizing SDOH, enabling organizations to collect, process,
and analyze diverse datasets to address non-clinical factors influencing health outcomes. Through advanced
analytics and seamless data integration, healthcare companies can identify at-risk populations, develop targeted

interventions, and improve community health.
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Data Sources Required for SDOH

Effectively operationalizing Social Determinants of Health (SDOH) relies on gathering and integrating diverse
datasets that reflect the social, economic, and environmental conditions influencing health outcomes. These data
sources enable healthcare organizations to comprehensively understand the factors impacting their members and
design targeted interventions to improve health equity and outcomes. Below are the key data sources necessary
for SDOH analysis:

Demographic Data

Demographic information forms the foundation for analyzing SDOH, providing insights into population
characteristics such as age, gender, race, ethnicity, and geographic location. These variables are essential for

identifying disparities and tailoring interventions to specific communities.

Sources: Demographic data is often obtained from member enrollment records, national census databases, and

public datasets.
Economic Stability

Economic data helps measure an individual's financial security and access to stable employment, which are
critical indicators of health outcomes. Employment status, income levels, and financial stability influence access

to basic needs like housing, transporation, healthcare, and nutrition.

Sources: Economic information is typically sourced from tax records, unemployment databases, and credit

reporting agencies. These data points allow organizations to identify members at risk of financial stress or poverty.
Healthcare Utilization

Healthcare utilization data highlights patterns such as frequency of medical visits, medication adherence, and
use of preventive care. These metrics are crucial for understanding how members interact with the healthcare

system and identifying barriers to access or adherence.

Sources: Claims data and electronic health records (EHRs) provide detailed insights into members' healthcare

engagement, enabling targeted interventions for those with inconsistent care patterns.
Neighborhood and Built Environment

The physical and social characteristics of neighborhoods directly impact health. Key variables include housing
conditions, access to transportation, availability of healthy food, and neighborhood safety. For example, unsafe

housing or limited transportation options can prevent individuals from accessing healthcare services.

Sources: Data on neighborhood conditions is often derived from Geographic Information Systems (GIS), local
government records, and housing reports. These datasets help pinpoint geographic areas where interventions are

most needed.

Social and Community Context
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Social support networks, civic participation, and experiences of discrimination significantly influence mental and
physical health. Individuals with robust social connections generally experience better health outcomes, while

those facing social isolation or discrimination are at higher risk for chronic conditions and mental health issues.

Sources: Community surveys, social service agencies, and non-profit organizations provide valuable data on
members' social contexts. These sources can help healthcare organizations assess the availability and impact of

community support services.

Application in Care

Analysis & Insights

Data Processing

Data Integration

Data Collection

i i i i i

0 5 10 15 20 25 30
Importance Level

Figure 2: Important steps of Data Engineering workflow in Healthcare

By leveraging these diverse data sources, healthcare organizations can construct a holistic view of their members’
lives, identifying the most pressing SDOH factors that impact health outcomes. Integrating these datasets with
internal member data through robust data engineering practices enables the development of targeted, equitable,

and impactful healthcare interventions.
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Figure 3: Big Data workflow using SDH data source

A. How to Obtain SDOH Data

Gathering Social Determinants of Health (SDOH) data is essential for healthcare organizations aiming to improve
community health outcomes and address disparities. Obtaining this data requires leveraging multiple strategies
and sources to create a comprehensive understanding of the social, economic, and environmental factors affecting

health. Below are key methods for acquiring SDOH data and how they can be effectively utilized:
1. Partnerships

Building partnerships with community organizations, government agencies, and social service providers is a
highly effective way to access detailed and localized SDOH data. These collaborations allow healthcare
organizations to obtain insights that are often not available through internal or standard public data sources.
Example: Partnering with housing agencies can provide detailed information on housing stability, such as
homelessness rates or substandard living conditions, which can then be integrated into healthcare plans to

address related health challenges like asthma or stress-induced conditions.
2. Publicly Available Data

Healthcare organizations can utilize publicly available datasets from reputable sources such as the U.S. Census
Bureau, the Centers for Disease Control and Prevention (CDC), and the Department of Housing and Urban
Development (HUD). These datasets offer valuable insights into community demographics, housing conditions,

and economic trends.
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Benefit: Public datasets are often comprehensive and regularly updated, providing a solid foundation for
identifying trends and disparities at the community or regional level. For example, HUD’s housing reports can

highlight areas with significant housing shortages or unsafe living environments, enabling targeted interventions.
3. Surveys and Questionnaires

Primary data collection through surveys and validated screening tools offers direct insights into the specific
SDOH challenges faced by members. Tools like the Accountable Health Communities (AHC) Screening Tool are
designed to identify issues such as food insecurity, transportation barriers, and financial instability.
Benefit: This approach allows healthcare organizations to gather personalized and up-to-date information,
ensuring that interventions are tailored to the unique needs of their members. Member surveys also promote

engagement by giving individuals a voice in identifying their health-related challenges.
4. Third-Party Vendors

Engaging with third-party vendors specializing in SDOH data aggregation can streamline the data acquisition
process. These vendors compile and analyze diverse datasets, offering healthcare organizations curated and

actionable insights.

Example: A healthcare provider might work with a vendor that aggregates housing data, financial metrics, and
social service utilization, enabling the organization to focus on analysis and intervention planning rather than

data collection.

Partnerships

Community organizations, Government
agencies,
Social service providers

Public Data Enterprise Data

U.S. C . CDC, HUD
e Platform

Comprehensive Insights for
Business Applications and

Surveys Users

Member Surveys, validated screening tools

Third-party Vendors

Aggregated datasets from vendors

Figure 4: Obtaining SDOH data from external source into enterprise data warehouse
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Obtaining SDOH data requires a multi-faceted approach that combines partnerships, public resources, primary
data collection, and specialized third-party services. By utilizing these strategies, healthcare organizations can
create a robust understanding of the social and environmental factors influencing health outcomes. This
comprehensive data foundation is essential for designing targeted, equitable interventions and addressing the

root causes of health disparities.

B. Integrating SDOH with Members' Data

Integrating Social Determinants of Health (SDOH) with members' health data is a critical process for building a
unified and actionable profile of an individual’s health needs. This integration allows healthcare organizations to
contextualize medical data with social, economic, and environmental factors, enabling the design of holistic care

strategies. Below is a step-by-step approach to effectively integrate SDOH data with existing member records:

1. Data Ingestion

The first step in integration involves importing SDOH data from multiple sources into a centralized platform.
These sources may include electronic health records (EHRs), claims data, surveys, third-party datasets, and
publicly available information. By consolidating these diverse datasets, healthcare organizations can ensure they

capture a wide range of factors influencing health outcomes.

Example: Combining claims data that reflects healthcare utilization patterns with geographic datasets indicating

neighborhood conditions provides a more comprehensive view of a member’s health challenges.

2. Data Cleaning and Validation

Once the data is ingested, it must be standardized and validated to ensure consistency and accuracy. Data from
different sources often come in varying formats and quality levels. Cleaning involves removing duplicates,
correcting inconsistencies, and filling in missing information. Validation ensures that the data aligns with

established standards and can be reliably used for analysis.

Example: Standardizing address formats across datasets to accurately link neighborhood data to individual

member records.
3. Mapping and Matching

Mapping and matching are crucial for linking SDOH data to existing member records. Unique identifiers such as
member IDs, Social Security numbers, or addresses are used to match external data sources with internal member
profiles. This step ensures that each member’s health record incorporates relevant social and environmental

context.

Example: Using geographic location as an identifier, healthcare providers can link housing instability data from

local agencies to specific members in their database.

4. Analytics and Insights
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Once the data is integrated, advanced analytics and machine learning algorithms are applied to identify patterns
and correlations between SDOH factors and health outcomes. Predictive analytics can also be used to forecast

risks and prioritize interventions.

Example: Identifying members in food-insecure areas who are at higher risk for chronic conditions such as

diabetes and designing targeted nutritional assistance programs.
5. Integration with Care Workflows

Finally, the insights derived from SDOH data are embedded into care management systems and provider
dashboards. This integration ensures that healthcare providers have actionable insights at the point of care,

enabling targeted and effective interventions.

Example: A provider dashboard displaying a member’s clinical data alongside SDOH insights, such as
transportation challenges, allows care teams to arrange non-emergency medical transportation services to ensure

appointment adherence.

“souces 1 220 Genaas
Piihlic datacete
Y
Transformations, Integration
Analytics & < with
Insights Member

Business Applications and Users

Figure 5: Integrating SDOH data with Enterprise Members Data

Integrating SDOH with members' data is a transformative approach that empowers healthcare organizations to
address the root causes of health disparities. By combining medical records with social context, providers can
deliver personalized, equitable care that improves outcomes while reducing costs. Robust data engineering and

analytics are essential to operationalizing this integration and turning raw data into actionable insights.

V. PRACTICAL STRATEGIES FOR ADDRESSING SDOH

Successful identification and intervention of SDOH involve a multifaceted approach that includes identifying
and mitigating social and environmental barriers. Addressing SDOH demands putting considerations into health
work processes and community interventions toward an ultimate goal of holistic, equitable care for all its

members. Following are three practical ways to operationalize SDOH within the systems:
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A. Screening and Data Collection

Embedding medical screening processes for SDOH into regular healthcare practices is one of the foundational
steps in addressing it. By using tools with validated mechanisms, such as the AHC Health-Related Social Needs
Screening Tool, providers can systematically identify some of the challenges they face in food insecurity,
transportation barriers, or even housing instability during a patient interaction. These screenings enable care

teams to collect real-time, member-specific data to inform intervention strategies.

Example: A patient visiting a primary care clinic completes a standardized survey that reveals difficulty accessing
healthy food. This insight prompts the care team to refer the patient to a local food assistance program, addressing

a root cause of their health challenges.
B. Community Partnerships

Government or public collaboration is required for the social needs identified in the screenings. Community-
based housing agencies, transportation services, and food pantries are examples of organizations that fill gaps not
feasible for healthcare systems. This strategic partnership allows a healthcare provider to better connect members

with resources and services, thus increasing intervention value.

Example: A healthcare organization partners with a local transportation provider to offer free or subsidized rides

to medical appointments, ensuring patients overcome logistical barriers to care.

Benefit: These partnerships strengthen community networks and allow healthcare systems to leverage existing

resources efficiently, reducing duplication of efforts and enhancing the scope of support.
C. Provider Training

Cultural competency training empowers the treatment teams to discuss sensitive issues concerned with social
and environmental concerns. The training aims to increase proper communication between the providers and
the patients, improve trust-building, and reduce biases impeding the provision of care. Culturally sensitive

providers understand the special needs of various cultural groups and develop therapeutic rapport.

Example: A hospital implements cultural competency workshops to help staff understand the cultural
significance of family involvement in Hispanic communities. This understanding improves patient satisfaction

and care adherence.

Outcome: Training programs enhance the overall effectiveness of SDOH interventions by ensuring that care is

empathetic, respectful, and tailored to individual needs.

These practical strategies, including screening, community partnerships, and provider training, form a robust
framework for addressing SDOH within healthcare systems. All these taken together enable the organization to
identify social challenges, marshal community resources, and provide culturally competent care. Strategies
woven into daily workflow will better enable healthcare providers to get at the roots of health disparities,

improving outcomes and advancing health equity.
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VI. CONCLUSION

Optimizing cost-effective healthcare through SDOH presents a transformational opportunity for improved
community health outcomes, coupled with a reduction in the overall cost of care. Racial and ethnic issues,
coupled with gender, have to be raised within SDOH frameworks in order to understand the various challenges
faced by such diverse populations. These interact with the social, economic, and environmental determinants of
health to further exacerbate inequities in health. By incorporating such dimensions, healthcare organizations
have the potential to craft better, more culturally congruent interventions that engender trust, improve outcomes,
and close disparities. Examples of tailored programs might include targeted motherhood programs for women of
color or mental health development programs for men where societal stigma is a significant disincentive; these
in turn would directly contribute to improving health equity and potentially reduce avoidable healthcare

spending.

Robust data engineering provides the backbone of this transformation through the safe, consistent, and secure
integration of SDOH into healthcare systems. Practical data engineering has to ensure that healthcare
organizations can collect, process, and analyze large volumes of diverse datasets with high precision. This helps
an organization create highly scalable infrastructure to manage complex linking of clinical and social data for
actionable insights that drive targeted interventions. Furthermore, compliance with best secure data practices

ensures a sense of maintained patient privacy and thus increases trust where regulators are involved.

The cost-effectiveness of these strategies involves preventing avoidable hospitalizations, easing chronic disease
burdens, and smoothing the delivery of care. Robust data systems with predictive analytics can help pinpoint at-
risk populations, identify priorities for intervention, and allocate resources with efficiency. This proactive
approach improves health at both the individual and community levels while driving financial sustainability for

healthcare systems.

In essence, robustly engineering SDOH, considering ethnicity, race, and gender, is one of the strong ways of
creating equitable, scalable, and cost-effective solutions for healthcare. Not only would such efforts result in
better health and well-being for the community members, but they would also go on to form a very strong
foundation for a more inclusive and resilient healthcare system. Thus, healthcare organizations can address the
root causes of health disparities and ensure long-term sustainability in the rapidly changing healthcare

environment.
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