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Abstract 
 

 
Health System Efforts to Address Health Related Social Needs:  

Implications for Public Health, Health Services Use, and Quality Outcomes 

 

 

 
by 
 

Margae Joy Knox 
 

Doctor of Philosophy in Health Policy 
 

University of California, Berkeley 
 

Professor Amanda L. Brewster, Chair 
 

 
 

Health systems face increasing pressure to improve population health by addressing health 
related social needs such as adequate housing, transportation, or food insecurity. Current 
evidence around these initiatives is still nascent. One common intervention to address 
health related social needs is case management. There is need to better understand the 
holistic impacts of case management, the role of specific case management program 
components, and the effects of social needs interventions implemented as distinct activities.  
The three papers that comprise this dissertation examine social needs interventions from 
different angles. The first paper uses a rigorously designed, large-scale health and social 
needs case management program to identify whether case management services improved 
vaccination rates in the wake of the Covid-19 pandemic. The second paper builds on the 
same case management program to understand whether housing deposits, a unique program 
benefit, impacted health services use. The third paper analyzes whether hospital activities 
to address social needs are associated with better quality of care.  Collectively, these papers 
suggest that health system efforts to address social needs hold promise yet may require 
continued tailoring for specific patient populations and local communities.
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1 Introduction 
 
Health Systems and Health Related Social Needs 

Health systems face increasing pressure to address health related social needs such as 
adequate housing, transportation barriers, and food insecurity—domains that extend 
beyond the scope of traditional medical care. Scientists have been aware of the deep 
connections between social factors and health since the early 19th century.1 Now, newer 
evidence confirms that unmet social needs are associated with worse health outcomes 
including hospital readmissions,2 emergency department visits,3 diabetes complications,4 
depression,5 and alcohol or drug abuse.5 Consequently, health systems are beginning to 
systematically build new capabilities to identify and support social needs.  

New federal and state policies have accelerated the implementation of activities to 
address health related social needs. Policies recognize the substantial burdens from health 
related social needs, particularly among Medicaid and underserved populations, and aim 
to support more equitable, improved patient outcomes.6 One influential policy 
mechanism is the Centers for Medicare and Medicaid Services’ Section 1115 
demonstration waiver, which allows states to incorporate new services into Medicaid 
benefit designs to address social needs.7,8 Waivers that include new, Medicaid funded 
services to address social needs have been adopted in 19 states and are pending in an 
additional 12 states.9 Further, new quality measures to assess social needs screening and 
assistance are also on the horizon.10,11 
 

Organizational Motivations to Address Health Related Social Needs 
Organizational theories posit several rationales for healthcare organizations to 

implement new activities to address health related social needs. According to institutional 
theory,12 organizations are influenced by 1) regulatory forces like new policies from the 
Centers for Medicare and Medicaid Services;13 2) normative forces like endorsement of 
social needs activities by the American Medical Association and others;14,15 and 3) 
mimetic forces or the imitation of strategies from successfully-perceived peer 
organizations like Intermountain or UnitedHealthcare.16  

In contrast, resource dependence theory states that organizations are motivated to 
control access to the resources in their environment.17 Under recent shifts toward value-
based payments that reward better management of population health, organizations may 
embrace activities such as supporting access to nutritious food and addressing other 
social factors in addition to traditional medical activities like adjusting hypertension 
medication. As organization build new capabilities, they must choose whether to do so 
in-house or through contracts. Transaction cost economics indicates that organizations 
will add in-house capabilities in response to increased activity frequency, desire for 
greater certainty over inputs and processes, and ability to flexibly repurpose resources.18 
Recent research supports the idea that healthcare organizations simultaneously hold 
various motivations to build capabilities to address health related social needs including 
beneficence, a sense of obligation, and as a survival tactic.19 
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Existing Evidence Gaps and Dissertation Structure 
 Despite strong momentum for health systems to address social needs, current 

evidence from health-related social needs interventions is still nascent.20,21 Systematic 
reviews thus far have reported mixed health, utilization, and cost outcomes and find 
limited use of high-quality study designs.22-24 A further complication is that interventions 
to address health and social needs are complex, involving multiple interacting 
components, such that results may vary in different settings or under different 
implementation fidelity.25 There remains a need for rigorous evidence on both the 
complex social needs interventions as a whole and the intervention components that 
achieve better health and healthcare outcomes. 

This dissertation is structured as three papers, each examining a different aspect of 
social needs interventions (Figure 1). The first paper (aim 1) builds on research 
examining a large-scale health and social needs case management program.26 While 
multiple studies have investigated the impact of case management for health and social 
needs on hospitalization and emergency department,27,28 few have considered whether 
these services have spillover public health benefits. In the wake of the Covid-19 
pandemic, this paper examines Covid-19 vaccination among those offered case 
management compared to a randomized control group.  

The second paper (aim 2) builds on the same case management program to 
understand changes in health services use among case management participants who 
received housing deposits with tenancy support relative to a matched comparison group 
that received case management only. Many studies have linked housing stability to better 
health and lower healthcare utilization,29,30 but few have rigorously evaluated health 
system-based efforts to address housing. Findings from this paper provide policy-relevant 
evidence as an increasing number of states considers whether to offer housing deposits as 
a new benefit for certain Medicaid beneficiaries.  

The third paper (aim 3) draws on a sample of over 6 million patients from more than 
800 hospitals in 14 states, offering a unique lens on whether hospital-based activities to 
address social needs—specifically, meal delivery, transportation to health services, 
mobile clinics, violence prevention programs, and extensive partnership for population 
health—are associated with higher quality of care.  Collectively, these papers suggest that 
health system efforts to address social needs hold promise yet likely require continued 
tailoring for local patient populations and local communities.  
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Figure 1. Conceptual model of dissertation aims 
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Health Related Social Needs
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tenancy support

Hospital-Based Activities
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Healthcare Quality: 
Potentially Preventable 
Hospitalizations

Public Health Prevention: 
Covid-19 Vaccination

Health Services Use
Hospitalization, emergency department use, 
primary care, specialty care, behavioral 
health, psychiatric emergency services, 
detention intakes

Other Influences Patient Demographics Organization Traits External Environment

AIM 1

AIM 2
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2 Greater Covid-19 Vaccine Uptake Among 
Enrollees Offered Health and Social Needs Case 
Management: Results from a Randomized Trial 

 

Objective. To investigate Covid-19 vaccination as a potential secondary public health 
benefit of case management for Medicaid beneficiaries with health and social needs.  

Data Sources and Study Setting.  The CommunityConnect case management program 
for Medicaid beneficiaries is run by Contra Costa Health, a county safety net health 
system in California. Program enrollment data were merged with comprehensive County 
vaccination records. 

Study Design. Individuals with elevated risk of hospital and emergency department use 
were randomized each month to a case management intervention or usual care. 
Interdisciplinary case managers offered coaching, community referrals, healthcare 
connections, and other support based on enrollee interest and need.  Using survival 
analysis with intent-to-treat assignment, this study assessed rates of first-dose Covid-19 
vaccination from December 2020 - September 2021. In exploratory sub-analyses we also 
examined effect heterogeneity by gender, race/ethnicity, age, and primary language. 

Data Collection and Extraction Methods. Data were extracted from County and 
program records as of September 2021, totaling 12,866 intervention and 25,761 control 
enrollments.  

Principal Findings. Approximately 58% of enrollees were female and 41% were under 
age 35. Enrollees were 23% White, 12% Asian/Pacific Islander, 20% Black/African 
American, and 36% Hispanic/Latino, and 10% other/unknown. 35% of the intervention 
group engaged with their case manager. 56% of all intervention and control enrollments 
were vaccinated at 9 months. Intervention enrollees had a higher vaccination rate 
compared to control enrollees (adjusted hazard ratio (aHR): 1.06; 95% confidence 
interval (CI): 1.02-1.10). In sub-analyses, the intervention was associated with stronger 
likelihood of vaccination among males and individuals under age 35.  

Conclusions. Case management infrastructure modestly improved Covid-19 vaccine 
uptake in a population of Medicaid beneficiaries that over-represents social groups with 
barriers to early Covid-19 vaccination. Amidst mixed evidence on vaccination-specific 
incentives, leveraging trusted case managers and existing case management programs 
may be a valuable prevention strategy.   
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2.1 Introduction 

Health systems are increasingly deploying new case management programs to 
address health and social risks among patients with complex care needs.24,31 While it is 
well established that social risks are associated with worse health and greater healthcare 
needs,32-34 the effectiveness of social risk interventions is less clear.35 Early studies have 
investigated impacts on hospitalizations, emergency department visits, and cost of 
care.26,28 Potential spillover effects to public health measures and other prevention 
indicators are understudied. 

During the Covid-19 pandemic, public health entities enacted unprecedented 
measures to curb virus spread. Existing health and social needs interventions may have 
provided valuable scaffolding for Covid-19 prevention efforts. Case managers were often 
on the front lines of educating patients,36 and may have served as a pre-existing trusted 
source of information.37 In particular, case managers may have helped clarify vaccine 
eligibility, availability, and why vaccination is important amidst changing information 
and common misinformation.38  

As in prior pandemics, minoritized and lower income communities experienced 
greater challenges meeting basic needs,39 more Covid-19 hospitalizations,40,41 and less 
access to prevention42,43 including less vaccination uptake.44,45  Covid-19 outcomes are a 
reminder that longstanding structural vulnerabilities like economic opportunities, 
neighborhood environments, and racism continue to underlie health and healthcare 
inequities.46,47 It is possible that interventions to support health and social needs may have 
helped improve outcomes for groups that have been historically marginalized. For 
example, case management programs may have provided tailored, responsive, and 
culturally sensitive support to mitigate health inequities. 

Accordingly, this study was designed to examine the CommunityConnect case 
management program in Contra Costa County, California. CommunityConnect is an 
established, large-scale program that supports adult Medicaid beneficiaries with complex 
health and social conditions.26  Enrollees over-represent populations at greater risk of 
Covid-19 and who face greater obstacles to obtain vaccination. In prior analyses, 
beneficiaries offered the CommunityConnect case management program experienced 
significantly fewer hospitalizations within 12 months compared to the control group.26  

The analysis used comprehensive County vaccination records merged with 
CommunityConnect enrollment records to examine whether the program influenced 
Covid-19 vaccination uptake. Data span March 2020 to September 2021, encompassing 
the Covid-19 pandemic onset through the “Delta variant” wave. The main hypothesis was 
that case managers may have helped enrollees seek and obtain Covid-19 vaccination. A 
secondary hypothesis was that program enrollment may have stronger impacts among 
groups that have been historically marginalized including racially/ethnically minoritized 
groups and those with a primary language other than English.  
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2.2 Methods 
 
Study Design 

Case management enrollment records were matched to comprehensive 
vaccinations data from the Contra Costa County Public Health Department. Vaccination 
data included any vaccination that occurred in California for a Contra Costa County 
resident, including vaccinations administered through state vaccination sites, retail 
pharmacies, and other providers. Records contained the vaccination date and a 
designation for first dose or second dose.  

This analysis leveraged CommunityConnect’s randomized, Zelen-design clinical 
trial.48 The Zelen design is a randomized controlled trial in which participants are 
enrolled based on existing records rather than via active recruitment. Individuals were 
randomly selected for the intervention or control arm if they were in the top 15% of 
predicted risk for avoidable hospital and emergency department visits. Predicted risk was 
calculated each month using a model that incorporated 91 variables including 
demographics, utilization history, clinical diagnoses, behavioral indicators, and social 
risk indicators, resulting in a population with heterogeneous health and social 
circumstances.  Control patients remained eligible for random selection into the 
intervention in subsequent months if their predicted risk continued to be in the top 15%.  

All intervention and control patients were observed for 12 months after their 
enrollment start except when control patients were selected into the intervention, ending 
follow-up as controls. The cross-over design allowed each eligible individual an equal 
opportunity to receive services. It also produced an informative censoring process where 
higher risk controls were more likely to be selected and have their follow-up terminated. 
Therefore, we applied inverse probability of censoring weights to account for cases of 
cross over from control to intervention.49,50 Additional details about the original trial 
design are described in Brown et al, 2022.26 

Study procedures were approved by the Contra Costa Regional Medical Center 
and Health Centers Institutional Review Committee. The trial design was registered as 
ClinicalTrials.gov number NCT04000074, however because trial registration occurred 
prior to the pandemic it did not anticipate analyzing Covid-19 outcomes. The study 
design, results and discussion are reported following guidance from the CONSORT 
statement and its extension for reporting of pragmatic trials.51  

Setting 

Contra Costa Health Services is an integrated county safety net health system in 
California’s San Francisco Bay Area. The system encompasses the county public health 
department, the county hospital, a network of primary care clinics, and the Medicaid 
managed care plan that insures 87% of Medicaid beneficiaries. In 2016, Contra Costa 
Health Services initiated CommunityConnect, a major ($200 million) investment through 
Medicaid’s 1115 waiver pilot program. Medicaid 1115 waivers allow states to test state-
specific policies to improve their Medicaid programs. Example pilot programs include 
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healthcare payments for new services like housing subsidies and transportation.8 In 
Contra Costa, the pilot program established new data infrastructure and case management 
services that deepened the county’s alignment of public health, healthcare, and social 
services.  

Participants and Eligibility 

Eligibility for the CommunityConnect trial included: adults 18 years or older 
residing in Contra costa County; enrollment in full-scope Medicaid; not enrolled in a 
duplicative case management program; not currently in detention for more than 30 days; 
and not in a vegetative state. For this analysis, inclusion was limited to individuals newly 
enrolled in the CommunityConnect trial between March 2020 when the pandemic began 
through April 2021 when new trial enrollments stopped. This analysis includes 
participants for up to 12 months, consistent with the trial design, or until the September 
2021 data cut-off. Individuals enrolled before March 2020 are excluded due to program 
changes induced by the pandemic (e.g., all in-person visits became telephonic). The 
March 2020 start also facilitates overlap between an enrollee’s 12-month observation 
window and when vaccines became available in December 2020.  

Sample size was pragmatically determined based on program capacity. 
CommunityConnect employed about 100 case managers who collectively served around 
12,500 individuals at a given time. In most months the program had capacity to accept 
800-1200 new individuals to the intervention depending on the number of existing 
enrollees that graduated or did not engage. For each intervention assignment, 
approximately two individuals were assigned to the control group from the same 
eligibility pool. The eligibility pool consisted of those in the top 15% of predicted risk for 
avoidable hospital or emergency department visit and numbered up to 25,000 individuals 
each month.  

The Contra Costa Health Services business intelligence team identified eligible 
individuals, ran the predictive risk model, generated random assignments, and assigned 
new intervention patients to case managers via the electronic health record (EHR). 
Demographic characteristics including race and/or ethnicity were pre-defined from the 
electronic health record. Participants in the control arm received usual care from the 
health system. Blinding was not feasible. It was not possible for participants to decline 
enrollment in the study because study inclusion was conducted administratively, and 
outcomes were obtained from administrative records.  

Intervention 

Individuals assigned to the intervention were paired with a case manager, who 
made at least three phone attempts and sent one letter to connect with enrollees. 
Approximately 35% of intervention enrollees responded to the case manager and 
identified one or more needs such as food, utilities, transportation, employment, or health 
to address together during the study period. All intervention enrollees were analyzed as 
part of the intervention group, including those who did not respond to the case manager.  
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Case managers represented a variety of disciplines including community health 
workers, nurses, social workers, and behavioral health specialists. While case managers 
were able to draw on their professional background to align their support with patients’ 
needs and interests, all case managers were expected to follow similar process standards 
such as reaching out to assigned patients on at least a monthly basis. Case managers 
began their work with enrollees by screening for needs related to healthcare access, 
behavioral health, and social determinants of health. Many screening questions were 
open-ended, developed through iterative quality improvement cycles. Case managers 
then tailored their support based on conversations with enrollees. They provided 
coaching, referrals to community services, help with applying for public benefits, and 
assistance communicating with healthcare providers. They also linked some enrollees to 
CommunityConnect-managed resources such as cell phones, emergency housing funds, 
and legal aid. For more information about the screening tool development, final screening 
questions, and case manager services, see supplementary materials published with Brown 
et al, 2022.26  

In March 2020, in-person visits were curtailed following Covid-19 shelter in place 
orders. All visits shifted to telephone, text, and email communications. Staffing 
challenges also arose during the pandemic as case managers were reassigned to efforts 
like Covid-19 testing and contact tracing. Nonetheless, over 90% of enrollees assigned to 
the intervention received at least one outreach call during the pandemic and the percent of 
enrollees engaging with case managers remained comparable to pre-pandemic levels.  

Case managers supported vaccination efforts by answering standard questions 
about vaccine safety or potential side effects. For clinical questions, case managers 
referred enrollees to a physician or the County’s Covid line, a dedicated 1-800 number. 
Case managers encouraged enrollees to advocate for themselves to get the vaccine. They 
also provided up to date information on where vaccines were available and how to 
schedule a vaccination online or by phone. For some enrollees, particularly those with 
less digital literacy, case managers scheduled vaccination appointments on the enrollee’s 
behalf. 

Usual Care 

Patients assigned to usual care could continue to access County health services 
but received no additional services. Control group patients did not receive 
communication from the health system about the trial as all data collection was based on 
administrative records. As previously described, control group patients who remained at 
high risk for avoidable hospitalization and utilization could be selected for the 
intervention in future months.     

Outcomes 

The primary outcome was the rate of Covid-19 vaccination between intervention 
and control patients based on the date of first vaccine dose. The date of second vaccine 
dose was also examined as a sensitivity analysis. Covid-19 booster shots were not 
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examined as they became available after the end of the available timeframe for vaccine 
data.  

Statistical Analysis 

The baseline demographic and health characteristics of individuals selected into 
the intervention and control groups were compared using standardized mean differences. 
Covid-19 vaccination uptake was examined using Cox proportional hazards regression 
estimates. First-dose vaccination uptake between the intervention and control group was 
calculated using a risk period beginning December 1, 2020, the earliest date vaccinations 
became available. For individuals enrolled after December 1, 2020, and not yet 
vaccinated, the risk period began at their enrollment start. The risk period ended at the 
earliest occasion of one of the following events: when vaccination was received, at 12 
months of enrollment, upon crossover among controls selected for the intervention, or on 
September 30, 2021, the last month of data availability based on when data was cut for 
analysis. Any enrollee who received a vaccine dose before his or her enrollment period 
start was excluded, based on standard survival analysis methods.52  

Inverse probability of censoring weights were used in all models. The weights 
correct for the likelihood that controls with higher risk scores would be more likely to 
crossover to the intervention in a future month, while controls with lower risk scores 
would more easily fall below enrollment risk score thresholds. Overall, approximately 
45% of control enrollments crossed over to the intervention group before the end of their 
12-month observation window. Thus, the inverse probability of censoring weights 
maintain the risk balance between study arms over time by upweighting higher-risk 
controls who remained in the control group. Survival models used the mean of an 
enrollee’s time-varying weights. The intent-to-treat analysis maintains intervention and 
control group comparability.  

Cluster robust standard errors were used to account for patients with multiple 
enrollments. We present unadjusted and adjusted main analyses. Adjustments account for 
pre-specified demographic characteristics (gender, age, race, and primary language); 
health conditions (arthritis, back disorder, COPD, CHF, diabetes, anxiety, depression, 
and smoking status); behavioral health acuity; social conditions (employment, and 
homeless status); and time enrolled. These adjustments correct for possible imbalances 
despite randomization and potentially increase statistical power.53 Exploratory sub-
analyses were examined stratifying by gender, race/ethnicity, age, and language to 
examine whether the intervention differentially impacted key subpopulations, particularly 
those where case management support may have stronger influence due to lower 
vaccination uptake and greater structural obstacles to vaccination.45,54 As a sensitivity 
check, models were also examined with interaction effects between the same 
subpopulations in the stratified analysis and assignment to the intervention group. All 
analyses were performed using Stata version 17 BE.55  

 
 



 

10 

2.3 Results 
 
Sample Characteristics 

The sample includes 12,866 out of 13,019 intervention enrollments and 25,761 
out of 26,047 enrollments. 133 intervention enrollments and 286 control enrollments 
were excluded because they received the Covid-19 vaccination before their enrollment 
start (Figure 2). Analysis was intent-to-treat, with all enrollees assigned to the 
intervention analyzed in the intervention group. 35% of intervention enrollments engaged 
with a case manager, which was defined as case manager documentation of at least one 
patient goal. 

 

 

Assessed for eligibility 
(n = 39,066 enrollments) 

Excluded (n = 0) 
 

Analyzed (n= 12,886 enrollments) 
i Excluded from analysis (received vaccination 
before enrollment): n= 133 

Included in follow-up (n = 13,019 enrollments)  
i Enrollments followed for full 12 months: n = 8,063 
i Enrollments censored before 12 months of follow-
up at data cut-off: n = 4,956 

Allocated to intervention (n = 13,019 enrollments) 
i Enrollee received allocated intervention 

(accepted case management): n=  4,509 
i Did not receive allocated intervention (could not 

be reached, declined, lost eligibility): n= 8,510 

Included in follow-up (n = 26,047 enrollments)  
i Enrollments followed for full 12 months: n = 8,307 
i Enrollments censored before 12 months of follow-
up at data cut-off: n = 9,913 
i Enrollments censored before 12 months of follow 
up due to re-randomization to intervention: n = 
7,827 

Allocated to control (n = 26,047 enrollments) 
 
 

Analyzed (n= 25,761 enrollments) 
i Excluded from analysis (received vaccination 
before enrollment): n= 286 

 

Allocation 

Analysis 

Follow-Up 

Randomized  
(n = 39,066 enrollments) 

 

Enrollment 

Figure 2. CONSORT diagram of participants included in vaccination analysis 
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Enrollees were predominantly female (58% intervention vs. 59% control), under 
age 35 (40% intervention vs. 41% control) and represented diverse racial/ethnic 
backgrounds (e.g., 19% Black or African American / 37% Hispanic or Latino / 23% 
White in the intervention group vs. 20% Black or African American / 36% Hispanic or 
Latino / 23% White in the control group).  Common chronic conditions include back 
disorder (30% intervention vs 30% control), anxiety (26% intervention vs. 25% control), 
and diabetes (16% intervention vs. 16% control). The absolute values of the standardized 
mean differences were 0.03 or less for all demographic characteristics, indicating that the 
intervention and control groups were well balanced (Table 2). 
 
Immunization Outcomes 

In weighted analyses, there were 12,026 first-dose vaccinations total. The percent 
of all enrollees with a first-dose vaccination was 10.3% at 3 months, 47.3% at 6 months, 
and 56.2% at 9 months. The overall incidence was 3.2 vaccinations per 1,000 person-
months. In the intervention group, we observed 6,307 first-dose vaccinations, with 10.7% 
vaccinated at 3 months, 49.0% vaccinated at 6 months, and 57.7% vaccinated at 9 
months. The intervention group incidence was 3.3 vaccinations per 1000 person-months. 
In the control group we observed 5,719 first-dose vaccinations, with 9.9% vaccinated at 3 
months, 45.5% vaccinated at 6 months, and 54.5% vaccinated at 9 months. The control 
group incidence was 3.1 vaccinations per 1,000 person-months.  

Results indicate there was a statistically significant greater likelihood of 
vaccination from December 1, 2020, to September 30, 2021 among enrollees offered case 
management. The unadjusted hazard ratio was 1.09 (95% confidence interval (CI): 1.05 – 
1.13). The adjusted hazard ratio (aHR) was 1.05 (95% CI: 1.02 -1.10). Results were 
similar for analyses based on the date of second-dose vaccination (Table 3 and Table 4).  

In exploratory analyses stratified by subpopulation, males in the intervention 
group were significantly more likely to be vaccinated compared to males in the control 
group (aHR: 1.10, 95% CI: 1.04 – 1.18). There was no difference among females (aHR: 
1.03, 95% CI: 0.98 – 1.09). Intervention group enrollees under age 35 were also more 
likely to be vaccinated compared to control group enrollees under age 35 (aHR: 1.10, 
95% CI: 1.02 – 1.18). There were no differences among other age groups (age 35-under 
50 aHR: 1.06, 95% CI: 0.98 – 1.15; age 50 to under 65 aHR: 1.02, 95% CI: 0.95-1.10; 
age 65+ aHR: 1.01, 95% CI; 0.94-1.10). In addition, intervention group enrollees whose 
primary language was English were more likely to be vaccinated compared to control 
group enrollees whose primary language was English (aHR: 1.08, 95% CI 1.03 – 1.13). 
There were no differences among those who primarily spoke Spanish (aHR: 1.01, 95% 
CI 0.93 – 1.10) or other languages (aHR 1.00, 95% CI: 0.90-1.13). Hazard ratios for 
Black or African American and Hispanic or Latino enrollees in the intervention group 
compared to those in the control group trended positive but were not statistically 
significant (Figure 3).  In a model that included interaction terms for the same 
subpopulations examined in stratified analysis, patterns for male enrollees and those 
under age 35 were similar but interaction terms were not statistically significant at a p-
value threshold of p < 0.05. There was no interaction between the intervention and the 
English-language subpopulation (p = 0.66) (Table 3).  
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Figure 3. Vaccination hazard ratios: Intervention vs. control group, stratified by 
demographic subgroup 

 
2.4 Discussion 
 

In support of the main hypothesis, case management enrollees had a 5% increased 
hazard of Covid-19 vaccination compared to similar individuals who were not offered 
case management. Further, the enrolled Medicaid beneficiaries over-represent social 
groups with barriers to early Covid-19 vaccination. Vaccination in the case management 
group particularly diverged from the control group around May 2021 (49.0% vs. 45.4%), 
approximately 6 months after vaccine roll-out started. During this time vaccines became 
more available to the general public, but there was still uncertainty about how and where 
to get vaccinated. One potential mechanism for greater vaccination in the intervention 
group is that some case managers helped enrollees navigate online scheduling platforms 
to sign up for a vaccination appointments, a commonly cited hurdle during early Covid-
19 vaccination efforts.56  It is also possible that case managers built trust when helping 
enrollees access resources for health and social needs57 so that case managers were also 
trusted as a source of current and accurate Covid-19 information.  

In sub-analyses, the case management intervention may have stronger benefits for 
male enrollees and enrollees under age 35, cohorts that typically access fewer preventive 
healthcare services.58,59 These results support the idea that case managers could be a 
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valuable bridge to underutilized services. In addition, the similar results for second dose 
vaccinations suggest that case management infrastructure could also bolster subsequent 
vaccination efforts.  

The case management intervention did not have statistically significant impacts 
on vaccine uptake for minoritized racial/ethnic groups. On one hand, it is possible that 
our study was not adequately powered to detect statistically significant effects by 
race/ethnicity. For example, given the number of vaccinations observed, we estimate that 
an effect size (adjusted hazard ratio) of 1.14 or greater would be needed among Black or 
African American intervention group enrollees compared to Black or African American 
control group enrollees to reach statistical significance. On the other hand, the 
CommunityConnect case management intervention was relatively light touch. It is 
possible that deeper community engagement was needed to build trust and overcome 
barriers faced by minoritized populations.60,61  

Minoritized racial/ethnic groups also faced barriers such as less vaccine supply in 
their communities62 and disproportionate exposure to economic hindrances, such as 
having to take unpaid time off work to get vaccinated.63 These structural barriers may 
have inhibited case managers’ ability to influence vaccine uptake. The lagging vaccine 
uptake among minoritized populations both nationally45 and in Contra Costa County64 
suggests more work is needed to close vaccination disparities. 

Other efforts to increase Covid-19 vaccination have yielded ambiguous evidence. 
Estimates from Ohio’s Vax-a-Million lottery, which offered a total of $5 million to 
vaccinated Ohioans, attribute between 0.3 to 1 percentage points increased vaccination to 
the lottery incentive.65,66 Estimates are even higher among lower income counties.67 
However, results were inconsistent across state lottery programs.68,69 Other reports 
indicate that small monetary incentives ($25) were influential to promote vaccination.70,71 
Yet a review of incentive programs nationwide found that overall neither lotteries nor 
guaranteed rewards were associated with significant changes in vaccination rates.72  

This study is the first to the authors’ knowledge to empirically study how an 
existing, cross-sector public health workforce influenced vaccination uptake. Findings 
suggest that CommunityConnect and other social needs case management programs may 
be part of an ecosystem of care73 that can be flexibly adapted for new purposes. This 
flexibility may have been especially valuable in a crisis like the Covid-19 pandemic 
where guidelines on how to access vaccinations were unclear and frequently changed. 
CommunityConnect infrastructure may have served as a chassis for connecting 
community members at increased risk of Covid-19 with critical information and 
prevention resources.  

 
Limitations 

The study's strengths include the ability to adapt a pragmatic randomized trial 
design to understand alternative, unanticipated impacts of a large social needs case 
management program. Specifically, we link case management and county-wide Covid-19 
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vaccination records. While the vaccination records are comprehensive, they do not 
include vaccinations that took place outside California or without a Contra Costa County 
address.  

An additional strength is that the study includes individuals who might not 
participate in recruitment-based trials. A limitation of this study design, however, is that 
only intent-to-treat analyses are valid. Though we anticipate a greater effect among 
enrollees who engaged with a case manager, we lack a valid comparison group. 
Nevertheless, the 35% engagement with case management services is in line with 
acceptance rates for other social needs assistance programs in health care settings.74 The 
intent-to-treat estimate is also more relevant for policy decision makers who want to 
understand population impacts.  

In addition, the external validity of the study may be limited since data reflect 
only one County which has an integrated public health system and robust public health 
functioning. Contra Costa County had one of the highest vaccination rates for a mid-size 
county in the United States, suggesting those in the usual care group also received 
substantial vaccination outreach. Programs like CommunityConnect may have different 
impacts in other settings.   

Future research may benefit from data on outcomes such as stress/anxiety, quality 
of life, social connectedness, or other Covid-19 related experiences to holistically 
evaluate case management impacts. In addition, more granular information on 
characteristics such as neighborhoods or social networks could also provide valuable 
understanding of case management functioning and potentially related levers to improve 
vaccination.  

 

2.5 Conclusion 

This study builds on greatly needed social needs case management research and is 
among the first to examine impacts on vaccination, a public health outcome. Amidst 
mixed evidence on whether vaccine-specific incentives effectively influence vaccine 
uptake, the study found a modest increase in the rate of Covid-19 vaccination among 
enrollees offered case management compared to a usual care control group. The Covid-
19 pandemic highlighted critical structural barriers to care. Leveraging social needs case 
management may be an important strategy to mitigate structural barriers and advance 
population health and prevention, especially in times of crisis.   
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2.6 Tables 
 

Table 1. Comparison of intervention and control group demographics for Covid-19 vaccination analysis 

  Intervention 
(n = 12,886 enrollees) 

Control 
(n = 25,761 enrollees) 

Standardized 
mean 

difference 
    n % n %  

Sex 
Male 5,403 42% 10,605 41% 0.01 
Female 7,481 58% 15,154 59% -0.01 

Age Category 

Under 35 5,177 40% 10,738 42% -0.03 
35 to under 50 3,217 25% 6,299 25% 0.01 
50 to under 65 2,735 21% 5,299 21% 0.02 
65 and above 1,757 14% 3,425 13% 0.01 

Race / Ethnicity 

White 2,971 23% 5,929 23% 0.00 
Asian or Pacific 
Islander 1,463 11% 3,008 12% -0.01 
Black or African 
American 2,432 19% 5,196 20% -0.03 
Hispanic or Latino 4,741 37% 9,155 36% 0.03 
Other/Unknown 1,279 10% 2,473 10% 0.01 

Preferred 
Language 

English 9,629 75% 19,269 75% 0.00 
Spanish 2,333 18% 4,559 18% 0.01 
Other language 924 7% 1,933 8% -0.01 

Behavioral 
Health Acuity 

None 10,154 79% 20,333 79% 0.00 
Mild - Moderate 1,744 14% 3,513 14% 0.00 

Moderate - Severe 
988 8% 1,915 7% 0.01 
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Smoking status 

Never 7,379 57% 14,730 57% 0.00 
Current 2,228 17% 4,385 17% 0.01 
Former 2,079 16% 4,079 16% 0.01 
Unknown 1,184 9% 2,547 10% -0.03 

Region 

Central 3,106 24% 6,214 24% 0.00 
East 4,877 38% 9,669 37% 0.01 
Far East 1,217 9% 2,507 10% -0.01 
West 3,569 28% 7,094 28% 0.00 

History of 
Chronic Disease 

Arthritis 2,155 17% 4,131 16% 0.01 
Back Disorder 3,861 30% 7,763 30% 0.00 
COPD 490 4% 957 4% 0.01 
CHF 287 2% 644 3% -0.02 
CAD 400 3% 778 3% 0.00 
Diabetes 1,981 15% 3,958 15% 0.00 
Anxiety Disorder 3,341 26% 6,529 25% 0.02 
Depressive 
Disorder 3,431 27% 6,634 26% 0.02 

Social Factors 
Homeless 369 3% 692 3% 0.01 
Employed 9,698 75% 19,317 75% 0.01 

Enrollment Start 
Mar- Jun 2020 4,578 36% 9,164 36% 0.00 
Jul - Dec 2020 5,315 41% 10,631 41% 0.00 
Jan - Apr 2021 2,993 23% 5,966 23% 0.00 
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Table 2. Increased vaccination found among case management intervention patients in Covid-19 vaccination analysis 

 

VACCINATIONS (WEIGHTED) 
% Vaccinated  

(Based on survivor function)  Unadjusted Model Adjusted Model 

 
Events 

Observed 
Events 

Expected 

Incidence 
Rate 

(Per 1,000 
enrollee-
months) 

 
3 

months 
(Feb 
2021) 

 
6 

months 
(May 
2021) 

 
9 

months 
(Aug 
2021) 

Hazard 
Ratio 

95% 
CI 

p-
value 

Hazard 
Ratio 

95% 
CI 

p-
value 

Dose 1  
Control 5719.2 5980.2 3.1 9.9% 45.4% 54.5% 

1.09 1.05-
1.13 

< 
0.001 1.06 

1.02 
 - 

1.10 
0.02 

Intervention 6307 6046.1 3.3 10.7% 49.0% 57.7% 

Dose 2  
Control 4879.3 5106.0 2.4 6.0% 39.7% 49.3% 

1.09 1.05-
1.14 

< 
0.001 1.06 1.02 -

1.10 0.006 
Intervention 5505 5278.2 2.7 9.3% 42.8% 52.7% 

 
CI = Confidence Interval 
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Table 3. Adjusted hazard ratios for all covariates in main and interacted vaccination models 

 Dose 1 - main model Dose 1 - with interactions Dose 2 - main model Dose 2 - with interactions 

 
Hazard 
Ratio 

95% 
Confidence 
Interval p-value 

Hazard 
Ratio 

95% 
Confidence 
Interval p-value 

Hazard 
Ratio 

95% 
Confidence 
Interval p-value 

Hazard 
Ratio 

95% 
Confidence 
Interval p-value 

Intervention 1.057 [1.02,1.10] 0.006** 1.075 [0.87,1.32] 0.496 1.06 [1.02,1.11] 0.007** 1.069 [0.95,1.20] 0.27 

Female 0.935 [0.90,0.98] 0.002**    0.946 [0.90,0.99] 0.017*    
White 1 [1.00,1.00] .    1 [1.00,1.00] .    
Asian/Pacific 
Islander 1.617 [1.50,1.74] 0.000***    1.6 [1.48,1.73] 0.000***    
Black/African 
American 0.661 [0.61,0.71] 0.000***    0.64 [0.59,0.69] 0.000***    
Hispanic/Latino 1.01 [0.95,1.08] 0.774    1.001 [0.93,1.07] 0.972    
Other/Unknown 1.043 [0.96,1.13] 0.329    1.037 [0.95,1.13] 0.408    
Age < 35 1 [1.00,1.00] .    1 [1.00,1.00] .    
Age 35 to < 50 1.287 [1.22,1.36] 0.000***    1.312 [1.24,1.39] 0.000***    
Age 50 to < 65 1.681 [1.58,1.78] 0.000***    1.738 [1.63,1.85] 0.000***    
Age over 65 2.037 [1.91,2.17] 0.000***    2.214 [2.07,2.37] 0.000***    
English 1 [1.00,1.00] .    1 [1.00,1.00] .    
Spanish 1.226 [1.15,1.31] 0.000***    1.192 [1.12,1.27] 0.000***    
Other Language 1.163 [1.08,1.26] 0.000***    1.15 [1.06,1.25] 0.001***    
HasHxArthritis 1.209 [1.14,1.28] 0.000*** 1.21 [1.14,1.28] 0.000*** 1.216 [1.15,1.29] 0.000*** 1.217 [1.15,1.29] 0.000*** 
HasHxBack 
Disorder 1.092 [1.05,1.14] 0.000*** 1.093 [1.05,1.14] 0.000*** 1.109 [1.06,1.16] 0.000*** 1.11 [1.06,1.16] 0.000*** 

HasHxCOPD 1.143 [1.02,1.28] 0.018* 1.139 [1.02,1.27] 0.020* 1.154 [1.03,1.29] 0.012* 1.152 [1.03,1.29] 0.013* 

HasHxCHF 1.084 [0.95,1.24] 0.237 1.085 [0.95,1.24] 0.231 1.133 [0.99,1.30] 0.072 1.133 [0.99,1.30] 0.071 

HasHxDiabetes 1.176 [1.11,1.24] 0.000*** 1.174 [1.11,1.24] 0.000*** 1.161 [1.10,1.23] 0.000*** 1.16 [1.09,1.23] 0.000*** 
HasHxAnxiety 
Disorder 1.04 [0.99,1.10] 0.141 1.039 [0.99,1.09] 0.155 1.048 [0.99,1.11] 0.098 1.046 [0.99,1.11] 0.108 
HasHxDepressiveDi
sorder 1.085 [1.03,1.14] 0.002** 1.086 [1.03,1.14] 0.002** 1.077 [1.02,1.14] 0.007** 1.079 [1.02,1.14] 0.006** 
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Behavioral Health 
Acuity: None 1 [1.00,1.00] . 1 [1.00,1.00] . 1 [1.00,1.00] . 1 [1.00,1.00] . 
Behavioral Health 
Acuity: Mild - 
Moderate 1.105 [1.04,1.17] 0.001** 1.105 [1.04,1.17] 0.001** 1.14 [1.07,1.21] 0.000*** 1.141 [1.07,1.22] 0.000*** 
Behavioral Health 
Acuity: Moderate - 
Severe 0.981 [0.90,1.06] 0.635 0.983 [0.91,1.07] 0.685 0.993 [0.91,1.08] 0.865 0.995 [0.91,1.08] 0.905 

IsEmployed 0.875 [0.84,0.92] 0.000*** 0.875 [0.84,0.92] 0.000*** 0.877 [0.84,0.92] 0.000*** 0.878 [0.84,0.92] 0.000*** 

IsHomeless 0.764 [0.67,0.86] 0.000*** 0.762 [0.67,0.86] 0.000*** 0.737 [0.64,0.85] 0.000*** 0.736 [0.64,0.85] 0.000*** 
Smoking Status: 
Never 1 [1.00,1.00] . 1 [1.00,1.00] . 1 [1.00,1.00] . 1 [1.00,1.00] . 
Smoking Status: 
Current 0.691 [0.65,0.74] 0.000*** 0.69 [0.65,0.74] 0.000*** 0.682 [0.64,0.73] 0.000*** 0.682 [0.64,0.73] 0.000*** 
Smoking Status: 
Former 0.946 [0.89,1.00] 0.059 0.946 [0.89,1.00] 0.057 0.926 [0.87,0.98] 0.013* 0.925 [0.87,0.98] 0.012* 
Smoking Status: 
Unknown 0.443 [0.40,0.49] 0.000*** 0.443 [0.40,0.49] 0.000*** 0.424 [0.38,0.47] 0.000*** 0.424 [0.38,0.47] 0.000*** 

Central 1 [1.00,1.00] . 1 [1.00,1.00] . 1 [1.00,1.00] . 1 [1.00,1.00] . 

East 0.797 [0.76,0.84] 0.000*** 0.797 [0.76,0.84] 0.000*** 0.795 [0.75,0.84] 0.000*** 0.795 [0.75,0.84] 0.000*** 

Far East 0.787 [0.73,0.85] 0.000*** 0.788 [0.73,0.85] 0.000*** 0.799 [0.74,0.87] 0.000*** 0.8 [0.74,0.87] 0.000*** 

West 0.863 [0.82,0.91] 0.000*** 0.864 [0.82,0.91] 0.000*** 0.881 [0.83,0.93] 0.000*** 0.882 [0.83,0.94] 0.000*** 
Enrollment Age 
(months) 1.022 [1.02,1.03] 0.000*** 1.022 [1.02,1.03] 0.000*** 1.025 [1.02,1.03] 0.000*** 1.025 [1.02,1.03] 0.000*** 

Interaction Effects             
Male    0.903 [0.84,0.97] 0.004**    0.917 [0.85,0.99] 0.022* 

Intervention # Male    1.067 [0.98,1.16] 0.12    1.059 [0.97,1.16] 0.205 

White    0.982 [0.85,1.13] 0.791    1.657 [1.47,1.87] 0.000*** 
Intervention # 
White    0.961 [0.81,1.13] 0.637    0.936 [0.81,1.08] 0.377 
Asian/Pacific 
Islander    1.657 [1.43,1.92] 0.000***    0.627 [0.55,0.71] 0.000*** 
Intervention # 
Asian/Pacific 
Islander    0.884 [0.74,1.06] 0.173    1.042 [0.89,1.21] 0.601 
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Black/African 
American    0.625 [0.54,0.73] 0.000***    1.008 [0.90,1.13] 0.895 
Intervention # 
Black/African 
American    1.032 [0.86,1.24] 0.73    0.987 [0.86,1.13] 0.853 

Hispanic/Latino    0.991 [0.86,1.14] 0.895    1.027 [0.89,1.19] 0.716 
Intervention # 
Hispanic/Latino     0.959 [0.81,1.13] 0.618    1.016 [0.85,1.21] 0.859 

Other/Unknown    1 [1.00,1.00] .    1 [1.00,1.00] . 
Intervention # 
Other/Unknown    1 [1.00,1.00] .    1 [1.00,1.00] . 

Age < 35    0.469 [0.43,0.51] 0.000***    1.303 [1.19,1.43] 0.000*** 
Intervention #  
Age < 35    1.09 [0.97,1.22] 0.131    1.013 [0.90,1.13] 0.826 

Age 35 to < 50    0.615 [0.56,0.68] 0.000***    1.801 [1.63,1.99] 0.000*** 
Intervention #  
Age 35 to < 50    1.052 [0.93,1.18] 0.402    0.936 [0.83,1.05] 0.264 

Age 50 to < 65    0.827 [0.75,0.91] 0.000***    2.288 [2.08,2.52] 0.000*** 
Intervention # Age 
50 to < 65    0.996 [0.88,1.12] 0.942    0.939 [0.83,1.06] 0.302 

Age over 65    1 [1.00,1.00] .    1 [1.00,1.00] . 
Intervention #  
Age over 65    1 [1.00,1.00] .    1 [1.00,1.00] . 

English    0.875 [0.77,0.99] 0.033*    1.193 [1.07,1.33] 0.002** 
Intervention # 
English    0.967 [0.83,1.12] 0.663    0.999 [0.88,1.14] 0.991 

Spanish    1.094 [0.94,1.28] 0.257    1.113 [0.98,1.26] 0.099 
Intervention # 
Spanish    0.936 [0.78,1.13] 0.492    1.065 [0.91,1.24] 0.429 

Other Language    1 [1.00,1.00] .    1 [1.00,1.00] . 
Intervention # Other 
Language    1 [1.00,1.00] .    1 [1.00,1.00] . 
 
* p<0.05, ** p<0.01, *** p<0.001
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3 Rental Housing Move-In Deposits and Healthcare 
Use: Evidence from a Medicaid 1115 Waiver Pilot 
in Contra Costa, California 

 
 
Objective. Housing deposits and tenancy supports are new benefits under Medicaid 1115 
demonstration waivers in Arizona, Arkansas, California, Massachusetts, Arizona, and 
Oregon. There is interest in expanding these benefits to other states. 
  
While housing stability has been demonstrated to improve health, there is limited 
evidence documenting impacts from health system-based funding for housing deposits. 
This study investigated how housing deposits within a case management program 
impacted several measures of healthcare use. 
 
Study design. A difference-in-differences study design was used to compare changes in 
health services use among 708 Medicaid beneficiaries who received housing deposits 
against a 1:1 matched comparison group of 708 beneficiaries who did not receive 
deposits. All beneficiaries were enrolled in a social needs case management program for 
populations with high risk of acute care utilization in Contra Costa County, California. 
Deposits were coupled with tenancy support and distributed October 2018-June 2021. 
Deposits averaged $1,986 per recipient. Changes in healthcare use between the deposit 
and comparison groups were compared using a pre-period 6 months before the deposit to 
a post-period 6 months after the deposit. For each beneficiary in the comparison group, 
we calculated a post-period start date equal to the average lag from case management 
enrollment to deposit date for matched deposit recipients enrolled in the same quarter.   
  
Population. The analytic sample included 1416 individuals: 53% female, 39% under age 
40, 35% African American, 13% Latinx, and 38% White. There was a high prevalence of 
behavioral health diagnoses: 54% depressive disorder history, 24% psychosis disorder 
history, and 56% alcohol or drug dependence history. Characteristics were balanced 
across the deposit and comparison groups. 
  
Principal Findings. Mean health services use among deposit recipients in the pre-period 
was 0.15 inpatient admissions (vs. 0.21 in the comparison group, p=0.09), 1.2 ED visits 
(vs. 1.2, p=0.56), 3.3 primary care visits (vs. 2.1, p<0.001), 1.7 specialty care visits (vs. 
1.4, p=0.26), 4.2 behavioral health visits (vs. 2.7, p=0.04), 0.11 psychiatric emergency 
services (vs. 0.13, p=0.70), and 0.13 detention intakes (vs. 0.12, p=0.75). All services 
demonstrated pre-intervention parallel trends in accordance with difference-in-
differences analytic assumptions. 
  
In analyses adjusted for demographics and health history, deposits were associated with 
an average differential change of 1.0 fewer primary care visits over 6 months (95% CI -
1.2 to -0.24). A differential change of fewer behavioral health visits was observed in 
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unadjusted analyses, but the effect was not significant in adjusted analyses. There was no 
association between receiving a deposit and change in inpatient admissions, ED visits, 
specialty care visits, psychiatric emergency services, or detention intakes.  
  
Conclusions. Beneficiaries who received housing deposits experienced greater 
reductions in primary care visits. New Medicaid housing benefits may help improve 
health and wellbeing among individuals facing housing instability but did not manifest 
differences in costly acute care services in the short term.  
 
 
3.1 Introduction 
 

As healthcare payers and delivery systems devote increasing attention to patients’ 
social determinants of health, housing insecurity is a top concern.75 Housing insecurity 
has been associated with increased emergency and urgent care use.76 Among people 
experiencing homelessness, use of hospital and emergency department services was two 
to nine times higher, and rates of outpatient office-based were almost double compared to 
similar housed peers.29 Consequently, some state Medicaid programs are implementing 
new benefits to support housing needs. According to the Kaiser Family Foundation, the 
latest Medicaid 1115 Demonstration Waivers (2022-2027) in at least 9 states will offer 
individualized case management to secure and maintain housing, services also known as 
housing transition navigation or tenancy support. In addition, Medicaid waivers in at least 
4 states will offer funding for housing deposits and other one-time transition/moving 
costs including first month’s rent, utility activation fees, and other relocation 
expenses.9,77  

Interventions that provide housing directly, such as permanent supportive housing 
or hotel placements, have been shown to reduce health spending and hospital 
utilization.30,78-80 There is also some evidence that rental assistance is associated with 
lower odds of poor health, less psychological distress, and fewer unmet healthcare 
needs.81-84 However, to our knowledge, no prior studies have examined healthcare-based 
funding for housing deposits and tenancy support. As additional states consider similar 
Medicaid waiver benefits, evidence is needed to inform expectations of changes in use of 
healthcare services and potential savings. 

 Our study makes a key contribution by investigating an intervention that provided 
housing deposit funding with tenancy support. We examine impacts on use of key 
healthcare services: inpatient admissions, emergency department visits, primary care 
visits, specialty care visits, behavioral health visits, psychiatric emergency services, and 
detention intakes. Like current CMS Medicaid 1115 waivers, housing deposits covered 
the first month’s rent and a security deposit. Recipients were required to have sufficient 
income to make ongoing monthly rent payments. All deposit recipients also received 
tenancy support as part of their participation in a case management program for 
beneficiaries with high risk of acute care use. To identify housing deposit impacts, we 
compare changes in healthcare utilization six months before and six months after deposit 
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receipt versus changes in healthcare utilization in a propensity-score matched comparison 
group that received case management services only. 

 

3.2 Methods 

Study Design 

The CommunityConnect case management program in Contra Costa County, 
California administered housing deposits as part of a Whole Person Care pilot. Contra 
Costa County is a large county in San Francisco’s Bay Area with over 1.1 million 
residents and 220,000 Medicaid beneficiaries.85,86 Whole Person Care was California’s 
Medicaid Section 1115 waiver from 2016-2021 to address complex health and social 
needs among high-risk/high-utilizing enrollees.87 Further details about Contra Costa’s 
CommunityConnect case management program are described in other 
publications.26,57,88,89 

 All CommunityConnect case management participants were Medicaid 
beneficiaries. Case management program enrollment occurred automatically each month 
beginning in 2017 for individuals at the highest risk of future hospital or emergency 
department utilization. Housing deposits were allocated to case management participants 
who were actively working with a case manager, had secured a rental lease or rental 
agreement, and had a source of income to continue ongoing rental payments. Deposit 
funding was administered on a rolling basis beginning in October 2018. In total, the 
program distributed $1.9 million in housing deposits over 3 years. The maximum amount 
allowed was $5,000. The median deposit amount was $1,750 (interquartile range $920 - 
$2,900). Recipients were primarily individuals who had long-term experiences of 
homelessness. In some cases, the housing deposits helped recipients move to lower cost 
housing after circumstances such as losing a job. Funds were often used to secure a single 
room in a shared unit given the region’s high-cost, competitive housing market. The 
program was administered through the county and 1 full-time personnel managed 
applications for deposit funding, auditing, and payment distribution processes. 

 All participants, including those who did not receive housing deposits, received 
ongoing case management services. Case managers supported both groups with 
coordination for healthcare needs and connections to resources for other social needs. 
The case management only group was eligible to receive the same housing navigation 
and tenancy supports provided to deposit recipients, which included assistance with bill 
pay setup and landlord communication, establishing cleaning and maintenance routines, 
and check-ins to avoid isolation,  

Analytic Sample 

 There were 991 housing deposit recipients from October 2018 to December 2021. 
To be included in the analysis, the deposit recipient must have been linkable to a case 
management participant record in which the enrollee had actively worked with a case 
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manager, evidenced by documentation in the participant’s care plan of at least “goal” or 
an area to address together. We excluded 34 deposit recipients who did not match to an 
enrollment record and two deposit recipients whose deposit was allocated before their 
enrollment start date. Of the 955 deposit recipients matched to an enrollment record, 40 
were excluded before matching: 36 did not have a documented goal to indicate they had 
actively worked with their case manager; one was a foster youth (all foster youth were 
excluded from analysis due to their unique housing circumstances); and three were 
missing case manager type, a key matching variable. The total analytic sample after 
matching and exclusions based on available utilization data, detailed below, included 
1416 participants. 708 participants received a move-in deposit and 708 participants with 
comparable characteristics did not receive a deposit (Figure 4). 

Figure 4. Participant matching and exclusions for housing deposit analysis 

 

Matched Comparison Group 

 Housing deposit recipients were 1:1 propensity-score matched to program 
participants who worked with a case manager but did not receive a move-in deposit. 
Matching characteristics included demographics, health conditions, case manager 
discipline, responses to housing questions, and enrollment type. Matching characteristics 
are further described in the covariates section. Matches were chosen using nearest 
neighbor matching with no replacement among other enrollees in the same enrollment 
year. Matching within enrollment year accounted for program maturity over time. As the 
program matured, lag time from program enrollment to deposit funding distribution 
decreased. 

Deposit index dates for enrollees in the comparison group were assigned using the 
average lag time from case management enrollment to deposit date for matched deposit 

• 172 matched to intervention group 
participant with less than 3 months 
pre-intervention data

• 29 matched to intervention group 
participant with less than 3 months 
post-intervention data

• 3 with less than 3 months post-
intervention data

991 patients w/ case 
management + deposit

915 eligible for 
matching

• 34 do not match enrollment records 
(many of these were distributed 
after June 2021)

• 2 deposits allocated before 
enrollment start date

912 deposits matched 
to a comparison

• 3 off support 
    (no comparable match)

Final analytic sample = 1416  beneficiaries

56,500 patients w/
case management

912 matched 
comparisons

708 matched 708 matched

• 172 with less than 3 months pre-
intervention data

• 29 with less than 3 months post-
intervention data

• 3 matched to comparison group 
with less than 3 months post-
intervention data

955 patients

• 36 not actively working with a case 
manager (no documented goal)

• 1 is foster youth
• 3 missing case manager type

Inclusion / 
Exclusion Criteria

• 33,495 not actively working with a 
case manager (no documented goal)

• 420 are foster youth
• 206 missing case manager type

21,628 patients 
eligible for matching

Matching

Utilization data 
available
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recipients enrolled in the same quarter. 172 deposit recipients with less than three months 
pre-intervention data and 29 deposit recipients with less than three months post 
intervention data were dropped with their matched comparison group counterparts. In 
addition, three comparison group participants had less than three months post-
intervention data and were dropped with their matched deposit recipients.  

Data Structure 

 We summed counts of each outcome for the 6 months before and after the deposit 
date or calculated index date. Because outcome data was structured by month, the month 
in which the deposit or index date occurred was not included in the analysis to clearly 
delineate the before and after time frames. As a sensitivity analysis, we also examine 
each outcome 12 months before and after the deposit date or calculated index date, 
however we use 6 months as the primary specification due to outcome data completeness. 
Using 6 months pre-post data, 90% of participants have complete pre-intervention data (6 
months or more) and 94% of participants have complete post-intervention data. Using 12 
months pre-post data, 70% of participants have complete pre-intervention data and 86% 
of participants have complete post-intervention data.  

Outcomes 

 The outcomes analyzed were changes in counts of hospitalizations, emergency 
department visits, primary care visits, specialist visits, and behavioral health visits, 
psychiatric emergency services, and jail intakes in the 6 months before and after deposit 
receipt compared to a before and after comparison of the propensity score matched 
comparison group.  Outcomes were identified from a data warehouse managed by the 
Contra Costa Health business intelligence team.  The data warehouse combines Medicaid 
claims and electronic health records from the county-run hospital and a network of 
outpatient clinics, capturing all relevant visits for case management program participants. 

Primary and specialty care visits include encounters with MD, DO, or NP 
providers across the health system and reflect both in-person and telephonic care. In both 
the deposit-recipient and comparison groups, telephonic care represented about 6% of 
pre-intervention primary care visits. Behavioral health visits include all visits with an 
MFT, LCSW, or psychologist. All outpatient encounters are distinct from visits with 
CommunityConnect case management personnel. Psychiatric emergency services include 
all admissions to a 23-bed facility for adult patients, the County’s only psychiatric 
emergency services unit. Jail intakes are documented in the County health system’s 
electronic health record since County Health Services provide healthcare for all County 
detention facilities. 

Covariates 

 The covariates used for matching include participant characteristics that may 
affect both housing deposit receipt and the trajectory of healthcare service use. Covariates 
were determined in part by examining differences between CommunityConnect enrollees 
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who received a housing deposit compared to other CommunityConnect enrollees working 
with a case manager who did not receive a deposit. 

 Demographic covariates included sex, age (under 40, 40-60, over 60), race 
(White, Black, Asian, Hispanic/Latino, or other/unknown), and discipline of the 
participant’s assigned case manager (community health worker, nursing, social work, 
substance use counselor, or housing specialist). Covariates derived from medical record 
documentation included histories of hypertension, diabetes, and chronic obstructive 
pulmonary disorder, as well as behavioral health acuity (non, mild-moderate, or 
moderate-severe), histories of psychosis disorder, depressive disorder, alcohol or other 
drug dependence, and detention history, and experience of homelessness. In addition, 
covariates included participant responses to housing screening questions that case 
managers asked all enrollees at intake. Housing questions included “What is your current 
living situation?”, “Do you believe you are at risk of losing your housing in the next 6 
months”, “Would you like information about rental assistance resources?”, and “Would 
you like information about shelters in your area?” Last, we include as a covariate whether 
the participant was automatically offered program enrollment based on elevated predicted 
risk of future hospital or emergency department use or manually enrolled for reasons 
such as a clinician referral. 

Difference-in-Differences Analytic Strategy 

Effect estimates were calculated using a difference-in-differences design, which 
examines the change in healthcare services use among individuals who received move-in 
deposits relative to the change in healthcare services use in the comparison group.90 The 
difference-in-differences design was chosen since pre-intervention healthcare use among 
those that received a deposit was not equivalent to the comparison group for primary care 
and behavioral health visits, despite balance across matching characteristics.  

Matching characteristics did not include pre-intervention healthcare use for two 
reasons. First, the index date in the comparison group (a counterfactual deposit receipt 
date) was calculated after matching based on matched counterparts enrolled in the same 
quarter. This index date is the basis for determining pre and post-intervention utilization. 
Second, matching on time-varying pre-intervention outcomes may induce spurious 
effects due to regression to the mean. For example, lower-than-average-risk deposit 
recipients would revert to higher healthcare services use and higher-than-average-risk 
comparison group members would revert to lower healthcare services use.91,92  

To examine the difference-in-differences assumption of pre-intervention parallel 
trends, we generated plots of healthcare use for each outcome (Figure 5). The appearance 
of pre-intervention parallel trends was confirmed for each outcome by statistical tests for 
parallel trends at the p > 0.05 level (Stata postestimation command estat ptrends).  
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Figure 5. Pre/Post healthcare use trends for housing deposit recipients vs. a 
matched comparison group 
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We estimated the impact of housing deposits for each outcome by calculating both 
raw difference-in-differences and using negative binomial regression models with a 
group-by-time interaction. Model covariates included the same demographics, health, 
behavioral health, and housing screening question variables used in the matching process. 
We then converted model estimates to marginal effects to derive average treatment 
effects for the study population. Negative binomial models were chosen due to the count 
distribution of our outcomes, though the same models were also examined using linear 
regression as a sensitivity check. All analysis was conducted using Stata version 17 
statistical software 
 
3.3 Results 
 
Participant Characteristics 

The final sample comprised 1,416 CommunityConnect case management 
participants, 708 who received a housing deposit and 708 who received case management 
only. Participants in the final sample who received a move-in deposit were 48% male; 
40% under age 40, 42% ages 40-60, and 18% over age 60; and 38% White, 35% Black, 
and 14% Hispanic/Latino. 11% of participants who received a housing deposit had mild-
moderate behavioral health acuity and 15% had moderate-severe behavioral health 
acuity. 56% had a history of alcohol and other drug dependence. 30% had homeless 
status documented in their medical record.  In a standardized screening conducted 
through conversations with case managers, 44% of participants reported living in a 
shelter, on the street, doubled up, in a residential treatment facility, or in a sober living 
environment, and 45% of participants believed they were at risk of losing housing within 
6 months. P-values when testing differences between the deposit group and the 
comparison group were > 0.05 for all demographic, health, and housing status 
characteristics, indicating that the intervention and comparison groups were well matched 
on observable characteristics. (Table 4). 

Baseline Healthcare Use 

Mean health services use among deposit recipients in the pre-period was 0.15 
inpatient admissions (vs. 0.21 in the comparison group, p=0.09), 1.2 ED visits (vs. 1.2, 
p=0.56), 3.3 primary care visits (vs. 2.1, p<0.001), 1.7 specialty care visits (vs. 1.4, 
p=0.26), 4.2 behavioral health visits (vs. 2.7, p=0.04), 0.11 psychiatric emergency 
services (vs. 0.13, p=0.70), and 0.13 detention intakes (vs. 0.12, p=0.75). All services 
demonstrated pre-intervention parallel trends.  

Healthcare Use Trends 

 Healthcare use declined in the post-intervention period relative to the pre-
intervention period for both the deposit and comparison groups. In the deposit group, 
declines were statistically significant for emergency department visits (1.2  pre vs. 0.74 
post, p < 0.001), primary care (3.3 pre vs. 1.6 post, p <0.001), specialty care visits (1.7 
pre vs. 1.2 post, p = 0.019), detention intakes (0.13 pre vs. 0.06 post, p = 0.002), and 
behavioral health visits (4.2 pre vs. 1.7 post, p<0.001). In the comparison group, declines 



 

 29 

were statistically significant for inpatient admissions (0.21 pre vs. 0.12 post, p = 0.023), 
emergency department visits (1.2 pre vs. 0.80 post, p = 0.020), psychiatric emergency 
services (0.13 pre vs. 0.07 post, p = 0.10), and detention intakes (0.12 pre vs. 0.07 post, p 
= 0.035). (Figure 3). 

Difference-in-Differences Outcomes 

In models fully adjusted for demographics, health history, and other covariates, 
deposit recipients had a significantly greater reduction in primary care visits relative to 
the comparison group, with an average greater decrease of 1.0 primary care visits per 
deposit recipient over six months.  (95% CI -1.5 to -0.51). In unadjusted analyses, deposit 
recipients also had significantly greater reductions in behavioral health visits of -2.5 visits 
on average over 6 months relative to the comparison group (95% CI -3.5 to -1.4), 
however the difference was no longer statistically significant in the fully adjusted model. 
There was no differential change in healthcare use for inpatient admissions, emergency 
department visits, specialty care visits, psychiatric emergency services, and detention 
intakes. (Table 5).  

Sensitivity Analyses 

Like the 6-month results, in analysis of 12-month outcomes there was a 
statistically significant greater reduction in primary care visits (marginal effect: -1.6 visits 
over 12 months, 95% CI -2.4 to -0.87). Patterns for behavioral health use were also 
similar, and there were no statistically significant differences for inpatient admissions, 
emergency department visits, specialty care visits, psychiatric emergency services, and 
detention intakes. Results from linear regression modeling were also consistent (Table 
6).  

 
3.4 Discussion 
 

This analysis of a Medicaid case management program for health and social needs 
identified reductions in health services use among both those who received a housing 
deposit with case management and a propensity-score matched comparison group that 
received case management only. Significantly greater reductions in primary care visits 
were observed among who received a housing deposit relative to the matched comparison 
group. Significantly greater reductions in behavioral health visits were also observed in 
unadjusted analysis among the deposit group relative to the comparison group but 
differences were not significant in fully adjusted analysis. Reductions in other health 
services were not statistically different between the two groups.  

The greater decreases in primary care visits among participants who received 
housing deposits relative to the comparison group differed from our expectations that 
housing deposits would increase housing stability to a greater extent than case 
management alone, improving access to routine, preventive primary care services, as 
found for other housing stability interventions.80,93 Trends toward greater decreases in 
behavioral visits similarly differed from our expectations. Consequently, health system 
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navigation by case managers, which was offered to both groups, likely minimized 
differences in access to primary care and behavioral health services. The high pre-
intervention visit rates, which averaged more than three primary care visits and four 
behavioral health visits over six months, also provides some assurance that the greater 
reduction in the deposit group does not necessarily indicate a lack of engagement in key 
preventive health services.  

Therefore, the differentially fewer post-intervention primary care and behavioral 
health visits presumably reflect better health and wellbeing. Other work has documented 
that residential stability can in turn improve health and wellbeing through multiple 
mechanisms such as lower stress, better management of health conditions, and more 
consistent receipt of other social services benefits.94-96 Deposit recipients who obtained 
stable housing may have benefited from improved rest, a clean environment for wound 
care among patients with diabetes, a kitchen to cook nutritious and cost-effective meals, 
and the ability to leverage Supplemental Nutrition Assistance Program or food pantry 
supports. Future studies should confirm that housing deposits do not detrimentally impact 
access or care continuity due to relocation and potential isolation.97 

The analysis did not find statistically significant differential reductions in use of 
inpatient admissions, emergency department visits, specialty care visits, psychiatric 
emergency services, and detention intakes among the intervention group relative to the 
comparison group.  It is possible that these services reflect the presence of more severe 
health conditions where housing deposits with tenancy support may not lead to changes 
relative to case management alone, particularly on the shorter timelines observed in our 
study. As relatively rare outcomes, inpatient visits, psychiatric emergency visits, and 
detention intakes may also be more difficult to impact. 

As state Medicaid programs evolve, there is increasing interest in non-traditional 
benefits like housing navigation, tenancy support, and housing deposits as part of one-
time transition/moving costs. Our study builds on a well-documented relationship 
between housing stability and healthcare use by evaluating a unique, policy-relevant 
intervention while considering a broader range of health care use measures than past 
research.98,99 Similar to other studies of housing interventions,78,100 concurrent mental and 
behavioral health challenges were common in our sample, where about one in four 
deposit recipients had a history of psychosis and nearly three in five had a history of 
alcohol or other drug dependence. While nearly one-third of housing deposit recipients 
with a documented history of homelessness, this likely underrepresents true housing 
needs given challenges for health systems to identify housing insecurity.101-103 

It is also important to note that results reflect the impact of housing deposits 
above and beyond housing transition navigation and tenancy support, since both groups 
in our study actively worked with a case manager. However, case managers emphasized 
that coupling deposit funding with tenancy support was critical to help enrollees remain 
housed. In addition, case managers expressed that being an embedded member of the 
health system allowed them to better address health and social needs concurrently. 

 



 

 31 

Limitations 

This analysis was limited to data come from a single, county-based health system 
in the San Francisco Bay Area, where housing availability and affordability is especially 
challenging. In some cases, rental housing deposit funds may have been available, but 
affordable housing was difficult to find.  Thus, program effects may not generalize to 
areas with different levels of housing availability. A second limitation is that the analysis 
time period overlaps with the onset of the Covid-19 pandemic in March 2020, which 
caused routine healthcare utilization to decline broadly.104 Temporal trends related to 
Covid-19 should similarly impact both groups with the difference-in-differences study 
design. Future research may still benefit from testing related interventions over time 
periods not influenced by Covid-19. Third, the analysis benefits from robust electronic 
health records integrated with case management records, though additional enrollee 
characteristics that may influence housing deposit allocation were likely unobservable in 
our data and remain unaccounted for in the matching process. Nevertheless, the existing 
data facilitate matching on both formally documented health conditions such as 
behavioral health acuity and substance use diagnoses as well as specific housing 
circumstances gathered through structured case manager conversations. A remaining 
limitation is that available data elements do not include whether the deposit recipient 
successfully retained housing, an important process metric to understand program impact 
more fully. 

Much of the discussion around new Medicaid benefits for housing and other 
health related social needs involves an assumption of cost savings. In this analysis, the 
lack of differential changes in use of costly, acute care outcomes indicates that housing 
deposits do not generate short-term return on investment. However, they may still play an 
important role in longer-term, holistic strategies to improve population health. According 
to case managers who supported enrollees in our study, the housing deposits were a key 
resource amidst short windows of opportunity in both housing availability and participant 
readiness to move. Future research may benefit from study designs with more specific 
focus populations, expanded time horizons, and deeper examination of patient-centered 
measures including self-rated health or quality of life. 

 

3.5 Conclusion 

Healthcare systems increasingly emphasize social determinants of health, yet 
evidence on health-system based interventions remains limited. We leveraged data from a 
Medicaid 1115 demonstration program to identify impacts of housing deposits with 
tenancy support on health services use. We found that participants who received housing 
deposit funding experienced differentially fewer primary care visits with a trend toward 
differentially fewer behavioral health visits compared to a matched comparison group 
that received the same case management services without housing deposit funding. 
Housing deposits, coupled with case management, may be a meaningful strategy to 
improve health among people experiencing long-term homelessness or housing instability 
but did not yield differential changes in costly acute care utilization in the short term.  
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3.6 Tables 

Table 4. Housing deposit group and comparison group characteristics, before and after matching 

  Before Matching After Matching 

  

Deposit 
Group 
N = 915 

Comparison 
Group 
N = 21428 

p-
value 

Deposit 
Group 
N=708 

Comparison 
Group 
N=708 

p-
value 

  N (%) N (%)  N (%) N (%)  

Case Manager Type 

CHW 163 (17.8%) 12362 (57.7%) <0.001 146 (20.6%) 163 (23.0%) 0.77 
CHW-Specialist 34 (3.7%) 1019 (4.8%)  25 (3.5%) 32 (4.5%)  
Nursing 133 (14.5%) 3193 (14.9%)  118 (16.7%) 106 (15.0%)  
Social Worker 66 (7.2%) 1301 (6.1%)  52 (7.3%) 51 (7.2%)  
Mental Health 51 (5.6%) 1270 (5.9%)  44 (6.2%) 40 (5.6%)  
Housing Specialist 105 (11.5%) 658 (3.1%)  94 (13.3%) 101 (14.3%)  
Substance Use 
Counselor 363 (39.7%) 1625 (7.6%)  229 (32.3%) 215 (30.4%)  

Sex Male 472 (51.6%) 8053 (37.6%) <0.001 337 (47.6%) 331 (46.8%) 0.75 
Female 443 (48.4%) 13375 (62.4%)  371 (52.4%) 377 (53.2%)  

Age 
< 40 395 (43.2%) 8204 (38.3%) <0.001 281 (39.7%) 273 (38.6%) 0.81 
40 to < 60 365 (39.9%) 8043 (37.5%)  299 (42.2%) 298 (42.1%)  
over 60 155 (16.9%) 5181 (24.2%)  128 (18.1%) 137 (19.4%)  

Race 

White 366 (40.0%) 5693 (26.6%) <0.001 266 (37.6%) 271 (38.3%) 0.91 
Asian/PI 28 (3.1%) 2166 (10.1%)  24 (3.4%) 21 (3.0%)  
Black/AA 300 (32.8%) 4766 (22.2%)  245 (34.6%) 256 (36.2%)  
Hispanic/Latino 135 (14.8%) 6919 (32.3%)  100 (14.1%) 91 (12.9%)  
Other/Unknown 86 (9.4%) 1877 (8.8%)  73 (10.3%) 69 (9.7%)  

Language English 872 (95.3%) 15932 (74.4%) <0.001 676 (95.5%) 659 (93.1%) 0.052 
Other Language 43 (4.7%) 5496 (25.6%)  32 (4.5%) 49 (6.9%)  

History of Stroke  29 (3.2%) 602 (2.8%) 0.52 26 (3.7%) 28 (4.0%) 0.78 
History of Hypertension  369 (40.3%) 9332 (43.6%) 0.054 323 (45.6%) 339 (47.9%) 0.39 
History of CHF  51 (5.6%) 1309 (6.1%) 0.51 50 (7.1%) 51 (7.2%) 0.92 
History of Diabetes  172 (18.8%) 5473 (25.5%) <0.001 151 (21.3%) 162 (22.9%) 0.48 
History of HIV/AIDS  18 (2.0%) 223 (1.0%) 0.008 15 (2.1%) 18 (2.5%) 0.60 
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History of COPD  123 (13.4%) 2278 (10.6%) 0.007 118 (16.7%) 115 (16.2%) 0.83 
History of Detention  345 (37.7%) 2499 (11.7%) <0.001 255 (36.0%) 244 (34.5%) 0.54 

Behavioral Health 
Acuity 

None 658 (71.9%) 17778 (83.0%) <0.001 523 (73.9%) 532 (75.1%) 0.84 
Mild-moderate 109 (11.9%) 2303 (10.7%)  80 (11.3%) 78 (11.0%)  
Moderate-severe 148 (16.2%) 1347 (6.3%)  105 (14.8%) 98 (13.8%)  

History of Psychosis 
Disorder  213 (23.3%) 2128 (9.9%) <0.001 168 (23.7%) 175 (24.7%) 0.66 
History of Depression  483 (52.8%) 8071 (37.7%) <0.001 389 (54.9%) 376 (53.1%) 0.49 
History of Chronic Pain  401 (43.8%) 8703 (40.6%) 0.053 352 (49.7%) 358 (50.6%) 0.75 
History of Drug or 
Alcohol Dependence  534 (58.4%) 5261 (24.6%) <0.001 396 (55.9%) 406 (57.3%) 0.59 
Documented 
Homelessness  263 (28.7%) 1482 (6.9%) <0.001 210 (29.7%) 210 (29.7%) 1.00 
Social need based on 
living situation  450 (49.2%) 1890 (8.8%) <0.001 313 (44.2%) 315 (44.5%) 0.91 
Believe at risk of losing 
housing within 6 months   428 (46.8%) 2794 (13.0%) <0.001 319 (45.1%) 317 (44.8%) 0.91 
Would like info about 
rental assistance 
resources  355 (38.8%) 2829 (13.2%) <0.001 254 (35.9%) 240 (33.9%) 0.44 
Would like info about 
shelters in your area  85 (9.3%) 608 (2.8%) <0.001 64 (9.0%) 65 (9.2%) 0.93 
Manual Enrollment 
Reason (not automatic)  410 (44.8%) 5661 (26.4%) <0.001 262 (37.0%) 281 (39.7%) 0.30 

Enrollment Year 

2017 276 (30.2%) 8194 (38.2%) <0.001 271 (38.3%) 271 (38.3%) 1.00 
2018 208 (22.7%) 5443 (25.4%)  201 (28.4%) 201 (28.4%)  
2019 285 (31.1%) 3559 (16.6%)  172 (24.3%) 172 (24.3%)  
2020-2021 146 (16.0%) 4232(19.7%)  64 (9.0%) 64 (9.0%)  

 
    CHW = community health worker; CHF = congestive heart failure; HIV/AIDS = human immunodeficiency virus / acquired 
    immunodeficiency syndrome; COPD = chronic obstructive pulmonary disorder 
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Table 5. Difference-in-differences in 6-month healthcare utilization between deposit and matched comparison groups 

 

 
Bold = models are statistically significant at p < 0.05; * = Calculated as the raw difference in differences (i.e., deposit 
difference minus comparison difference) with p-value derived from unadjusted linear regression modeling. ** = Model 
controls for care manager type, age category, sex, race, behavioral health acuity, enrollment reason, diabetes dx, hypertension 
dx, copd dx, depression dx, psychosis dx, alcohol and other drug dependence, detention history, homeless status from medical 

record documentation, and responses to housing security screening questions. 
  

Descriptive Mean Utilization (6-months) 

Outcome 
Deposit Group Comparison Group 

Deposit 
Difference 

Comparison 
Difference 

Before After P-value Before After P-value (before/after) (before/after) 
Inpatient Admissions 0.150 0.102 0.075 0.212 0.127 0.023 -0.048 -0.085 
Emergency Department Visits 1.246 0.747 <0.001 1.154 0.795 0.020 -0.499 -0.359 
Primary Care Visits 3.294 1.638 <0.001 2.055 1.381 <0.001 -1.655 -0.674 
Specialty Care Visits 1.715 1.236 0.019 1.415 1.240 0.560 -0.479 -0.175 
Psychiatric Emergency Services 0.114 0.082 0.450 0.129 0.073 0.100 -0.032 -0.055 
Detention Visits 0.133 0.061 0.002 0.123 0.065 0.035 -0.072 -0.058 
Behavioral Health Visits 4.201 1.720 <0.001 2.732 2.356 0.570 -2.480 -0.376 

Mean Utilization Models (6-months) 

Outcome 
Unadjusted DID* DID IRR** Marginal Effect** 

Estimate p-value Estimate 95% CI Estimate 95% CI 
Inpatient Admissions 0.037 0.425 1.212 [0.699, 2.104] 0.038 [-0.041, 0.116] 
Emergency Department Visits -0.140 0.475 0.868 [0.637, 1.183] -0.212  [-0.514, 0.089] 
Primary Care Visits -0.982 0.001 0.743 [0.590, 0.936] -0.995  [-1.48, -0.507] 
Specialty Care Visits -0.304 0.403 0.847 [0.549, 1.307] -0.283 [-0.881, 0.315] 
Psychiatric Emergency Services 0.023 0.678 1.054 [0.447, 2.485] -0.011 [-0.106, 0.084] 
Detention Visits -0.014 0.693 0.861 [0.452, 1.642] -0.013 [-0.072, 0.0453] 
Behavioral Health Visits -2.105 0.019 0.757 [0.471, 1.218] -1.351 [-2.864, 0.161] 



 

 

35 

 
Table 6. Difference-in-differences in 12-month healthcare utilization between deposit and matched comparison groups 

 

 
Bold = models are statistically significant at p < 0.05; * = Calculated as raw difference-in-differences (deposit difference 
minus comparison difference) with p-value derived from unadjusted linear regression modeling. ** = Model controls for care 
manager type, age category, sex, race, behavioral health acuity, enrollment reason, diabetes dx, hypertension dx, copd dx, 

depression dx, psychosis dx, alcohol and other drug dependence, detention history, homeless status from medical record 
documentation, and responses to housing security screening questions. 

Descriptive Mean Utilization (12-months) 

Outcome 
Deposit Group Comparison Group 

Deposit 
Difference 

Comparison 
Difference 

Before After P-value Before After P-value (before/after) (before/after) 
Inpatient Admissions 0.315 0.181 0.003 0.370 0.184 <0.001 -0.134 -0.186 
Emergency Department Visits 2.331 1.246 <0.001 2.309 1.155 <0.001 -1.085 -1.154 
Primary Care Visits 5.843 2.664 <0.001 3.912 2.438 <0.001 -3.179 -1.475 
Specialty Care Visits 3.291 2.117 <0.001 2.774 2.239 0.360 -1.174 -0.535 
Psychiatric Emergency Services 0.278 0.136 0.140 0.239 0.106 0.029 -0.143 -0.133 
Detention Visits 0.291 0.095 <0.001 0.257 0.107 0.009 -0.196 -0.150 
Behavioral Health Visits 6.634 3.018 <0.001 5.027 3.849 0.260 -3.616 -1.178 

Mean Utilization Models (12-months) 

Outcome 
Unadjusted DID* DID IRR** Marginal Effect** 

Estimate p-value Estimate 95% CI Estimate 95% CI 
Inpatient Admissions 0.052 0.443 1.299 [0.81,2.09] 0.068 [-0.053, 0 .189] 
Emergency Department Visits 0.069 0.852 0.942 [0.70,1.28] -0.234 [ -0.775, 0.307] 
Primary Care Visits -1.705 < 0.001 0.747 [0.60,0.93] -1.644 [-2.417, -0.870] 
Specialty Care Visits -0.638 0.345 0.908 [0.60,1.39] -0.374 [-1.468, 0.719] 
Psychiatric Emergency Services -0.010 0.93 0.754 [0.35,1.62] -0.056 [-0.200, 0.088] 
Detention Visits -0.047 0.009 0.724 [0.39,1.33] -0.067 [-0.183, 0.0492] 
Behavioral Health Visits -2.438 0.091 0.796 [0.48,1.32] -1.229 [-3.631, 1.174] 
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4 Hospital Efforts to Address Health Related Social 
Needs: Associations with Potentially Preventable 
Hospitalizations 

 
 
Objective: There is limited evidence about whether hospital efforts to address health 
related social needs influence quality of care. We examine associations between meal 
delivery, transportation to health services, mobile clinics, violence prevention programs, 
or extensive partnerships and potentially preventable hospitalizations. 
  
Methods: This analysis merged 2017 Healthcare Cost Utilization Project State Inpatient 
Databases (HCUP-SID) with 2017 American Hospital Association survey data to analyze 
6.2 million adult all-payer hospital admissions from 813 hospitals in 14 states. Potentially 
preventable hospitalizations were identified using the Agency for Healthcare Research 
and Quality’s Prevention Quality Indicator composite definition. For each hospital 
activity to address health related social needs, relationships with potentially preventable 
hospitalizations were separately estimated using generalized linear regression with a logit 
link and inverse probability of treatment weights. Covariates included hospital 
ownership, size, system membership, teaching hospital status, accountable care 
organization participation, bundled payment participation, rurality, patient gender, age, 
payer, race, number of comorbidities, and zip code income quartile. Sensitivity analyses 
examined associations restricted to adult Medicaid and Medicare beneficiaries.  
  
Results: 13% of hospital admissions were potentially preventable. 24% of hospitals 
offered transportation to health services, 16% offered mobile clinic services, 16% offered 
violence prevention programs in the community, and 9% offered meal delivery. 57% of 
hospitals had extensive partnerships.  
  
Hospital meal delivery was associated with 1.1% lower predicted probability of a 
potentially preventable hospitalization (95% confidence interval (CI): -2.1% to -0.1%). 
Among Medicaid beneficiaries, hospital meal delivery was associated with 2.3% fewer 
potentially preventable hospitalizations (95% CI -3.5 to -1.0%). Associations between 
other activities and potentially preventable hospitalizations were not statistically 
significant.  
  
Conclusions: Hospital meal delivery was associated with significantly lower probability 
of potential preventable hospitalizations, with larger effects for Medicaid beneficiaries. 
Meal delivery may be an effective strategy for managing potentially preventable 
utilization, especially among Medicaid beneficiaries. 
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4.1 Introduction 

As payment reforms in U.S. healthcare shift to value-based contracting, there is 
greater scrutiny of hospital quality of care and efforts to support population health. 
Increasing evidence links burdens from health related social needs to worse health 
outcomes and greater hospital and emergency department use.105,106 Consequently, new 
2023 guidance from the Centers for Medicare and Medicaid Services (CMS) encourages 
health systems to implement cost-effective, innovative strategies to address health-related 
social needs,13 consistent with recommendations from a 2019 National Academies of 
Science, Engineering and Medicine report.107 Further, new quality measures will assess 
the extent to which patients are screened and offered assistance for health related social 
needs.11 

Several promising studies indicate that interventions to address health related 
social needs can improve health and save costs.21,27,108 However, the methodological 
quality of studies varies, with many relying on single-site small samples and lacking 
rigorous comparison groups.20 Further, few studies have examined hospital-based efforts 
to address health related social needs. Hospitals are uniquely positioned to offer social 
needs interventions, with non-profit hospitals required to invest in community 
needs.109,110  

This study examines hospital provision of five health related social needs 
activities: meal delivery, transportation to health services, mobile clinics, community-
oriented violence prevention programs, and partnerships with multiple stakeholders to 
improve population health. These activities may support preventive health behaviors or 
help patients overcome social barriers to care by alleviating food insecurity, expanding 
the ability to access care, reducing community violence and related stress, and improving 
connections to care in community-based settings. The main hypothesis is that each 
activity will be associated with improved quality of care, evidenced by fewer potentially 
preventable hospitalizations. A widely used health services quality indicator, the 
potentially preventable hospitalizations measure reflects timely and effective care 
coordination across the hospital, outpatient setting, and home. The measure is a 
composite of ten diagnoses where high-quality preventive and follow-up care may have 
mitigated the need for hospitalization.111 

Existing evidence on the five activities to address health related social needs has 
not assessed potentially preventable hospitalizations as the outcome. Studies suggest that 
meal delivery programs may decrease hospitalizations and emergency department 
visits,112,113 shorten length of hospital stay,113 decrease readmissions,114 and lower total 
expenditures.115,116 Nonemergency medical transportation interventions have improved 
appointment attendance rates, though there is limited evidence on subsequent utilization 
outcomes.117 Mobile clinics have been associated with avoided emergency department 
visits and decreased length of stay.118 Community-oriented violence prevention programs 
were found to increase quality-adjusted life years and save costs in one study, though 
other evaluations have found no impact.119 Hospital partnerships with community-based 
social service organizations have mixed evidence on hospital and emergency department 
visit outcomes.120 
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Despite many studies suggesting potential efficiencies when health systems 
provide services that address health-related social needs, few have used large, diverse 
samples to assess the impact of hospital-based efforts on quality of care across multiple 
states. Our study makes a unique contribution with its large sample of over 6 million 
adult hospital admissions from 813 hospitals in 14 states (Figure 6).   

 

4.2 Methods 

Data sources and study design 

We conducted a cross sectional analysis of 2017 American Hospital Association 
annual survey responses linked to 2017 Healthcare Cost and Utilization Project State 
Inpatient Databases (HCUP-SID) admissions data from 14 diverse states: Arkansas, 
Arizona, Colorado, Florida, New Jersey, New York, Oregon, Rhode Island, Vermont, 
Washington, Kentucky, Maryland, Nevada, and Wisconsin. States represent diverse 
geographic, urban/rural, and policy environments and were selected based on the quality 
of HCUP-SID data available. Admissions represent all payers including Medicare, 
Medicaid, private insurance, and others. 

The American Hospital Association (AHA) survey is a voluntary survey of all 
hospitals in the United States and has a response rate at or near 80%.121 We restricted the 
AHA data to all general medical and surgical hospitals with complete responses to survey 
questions about social risk-related services, resulting in 6,003,739 adult inpatient 
admissions across 813 hospitals.  

Included states 

Figure 6. Map of states included in the study sample 
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Analysis was conducted at the admission level, with each admission classified as 
potentially preventable or not. Multivariate models were used to examine whether the 
presence of activities to address social needs at the hospital where an admission occurred 
was associated with the admission being potentially preventable admission. 

Outcome variable 

The primary outcome is whether the hospitalization was potentially preventable. 
Potentially preventable admissions were defined as a binary variable (yes/no) using 
AHRQ’s Prevention Quality Indicators composite.111 The composite classifies potentially 
preventable admissions based on ten primary diagnoses where the admission may have 
been avoided through high-quality care coordination. Diagnoses include diabetes 
complications, chronic obstructive pulmonary disease (COPD), asthma, hypertension, 
heart failure, community-acquired pneumonia, and urinary tract infection. 

Independent variables 

The primary independent variables are five hospital-based activities to address 
health related social needs, as self-reported by American Hospital Association survey 
respondents. The activities are: 1) meal delivery, 2) transportation to health services, 3) 
mobile clinics, 4) community-oriented violence prevention programs, and 5) partnerships 
with multiple stakeholders for population health improvement. Each activity was 
analyzed separately because a composite measure had a low Cronbach alpha score (alpha 
= 0.47), suggesting that hospitals do not implement these activities as a part of a cohesive 
strategy. In addition, evidence may be more actionable when examined by specific 
activity rather than based on a composite score.  

Activities were defined as present (vs. not present) for meal delivery, 
transportation to health services, mobile clinics, and community-oriented violence 
prevention programs if the respondent indicated that the hospital owns or provides the 
activity. Partnership-based activity was defined as extensive (vs. not extensive) if the 
respondent indicated a collaboration or formal alliance with 8 or 9 of the partner 
categories on the AHA survey (range: 0-9 partners, median: 8 partners). Partner 
categories included: 1) health care providers outside your system, 2) local or state public 
health organizations, 3) local or state human/social service organizations, 4) other local or 
state government, 5) non-profit organizations, 6) faith-based organizations, 7) health 
insurance companies, 8) schools, and 9) local businesses or chambers of commerce.) 
Partnerships were analyzed dichotomously at the median due to the bimodal distribution 
of responses and to facilitate interpretation. 

Covariates 

Hospitalization-level covariates are based on HCUP admissions data and include 
patient sex, age (19-39, 40-64, or 65+), primary payer (private insurance, Medicare, 
Medicaid, or other), race (White, Black/African American, Hispanic, Asian/Pacific 
Islander, or other), zip-code income quartile, and Charlson Comorbidity Index (0, 1, 2, or 
3+ conditions). For patients dually eligible for Medicare and Medicaid, HCUP 
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methodology categorizes the primary payer as Medicare in most cases.122 Hospital 
covariates are based on AHA survey responses and include ownership (public, nonprofit, 
for-profit), size (0-99 beds, 100-299 beds, 300+ beds), belonging to a health system, 
participating in an accountable care organization, participating in bundled payment, and 
rurality (metropolitan, micropolitan, or rural). 

Statistical analysis 

The association between each activity to address health related social needs and 
potentially preventable hospitalizations was analyzed using separate generalized linear 
models with a logit link for binomial outcomes and clustering by hospital. 

Stabilized inverse propensity of treatment weights (IPTW) were calculated for 
each model to correct for the potential that hospitals may be more likely to develop social 
needs services and partnerships for different patient populations. The patient-level 
weights are based on all patient characteristics (sex, age, race, payer, zip code level 
income, and comorbidity index) and predict the likelihood that a patient will receive care 
at a hospital where the activity to address health related social needs is present. For 
example, many hospitals more commonly offer health related social needs activities 
among patients in the highest quartile of zip-code level income and less commonly offer 
health related social needs activities among patients in the lowest quartile of zip-code 
level income. To achieve balance, the weights down-weight patients in the highest 
quartile of zip-code level income and upweight patients in the lowest quartile of zip-code 
level income. Propensity scores for each independent variable had no observations were 
outside the region of common support. Final models incorporated IPTW weights and 
adjusted for both patient level and hospital level covariates. All results are reported as 
marginal effects, or the percentage point change in probability of a potentially 
preventable hospital admission.  

Sensitivity analyses 

In sub-analyses, results specific to Medicare beneficiaries and specific to 
Medicaid beneficiaries were also examined. The presence of health related social needs 
activities was anticipated to have a stronger influence among Medicare and Medicaid 
beneficiaries compared to private-pay beneficiaries due to greater health related social 
needs among low-income and elderly populations. Additionally, the Centers for Medicare 
and Medicaid’s present leadership in value-based contracting, and leadership over the last 
decade, may have supported more robust availability of health related social needs 
activities for Medicare and Medicaid beneficiaries.13,123  

4.3 Results 

A minority (13.3%) of hospital admissions were classified as potentially 
preventable. Of the 813 hospitals, 8.6% (n=69) offered meal delivery, 24.1% (n=196) 
offered transportation to health services, 16.2% (n=132) offered mobile clinics, 16.4% 
(n=133) offered community-oriented violence prevention programs, and 56.6% (n=459) 
reported extensive partnerships for population health (Figure 7).  
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Figure 7. Prevalence of hospital efforts to address health related social needs (N = 813 
hospitals) 

 

Most patients (51.2%) were female. 49.6% were over age 65 and 37.2% were 40 
to less than age 65. Over two-thirds of patients (68.3%) were White, 14.5% were 
Black/African American, 10.0% were Hispanic, 2.2% were Asian or Pacific Islander and 
5.1% were other race/ethnicity. One-third (33.2%) had three or more comorbidities while 
28.8% had none. Hospital size included small (up to 99 beds, 39.6%), medium (100-299 
beds, 34.8%), and large (300+ beds, 25.6%) capacity. The payer mix included 54.0% 
Medicare, 16.5% Medicaid, 23.2% private insurance, and 6.3% other payer (e.g., self-
pay, no charge). Most hospitals (78.4%) were not-for-profit. 70.1% of hospitals were 
members of a larger health system, 7.8% were academic medical centers, 44.3% were 
accountable care organization members, and 25.2% participated in bundled payments. 
67.6% were in metropolitan areas while 17.0% were rural hospitals (Tables 7&8). After 
weighting, for each health related social needs activity, participant characteristics were 
mostly balanced between hospitals that offered a specific activity and hospitals that did 
not offer that activity (Table 9a-e). Across the 811 hospitals, the median number of 
patient admissions was 4,836 (interquartile range: 982 - 11,077). 

In adjusted analyses, the marginal effect of hospital meal delivery was a 1.1% 
lower predicted probability of potentially preventable hospital admission (95% 
confidence interval: -2.1% to – 0.1%). The association was slightly stronger among 
admissions for Medicaid beneficiaries, with a 2.3% lower predicted probability (95% 
confidence interval: -3.5% to -1.0%) of potentially preventable hospitalization among 
hospitals providing meal delivery. Among admissions for Medicare beneficiaries, the 
association between meal delivery and potentially preventable hospitalization was not 
statistically significant. There was no association between transportation to medical 
appointments, community-oriented violence prevention programs, mobile health clinics, 
or extensive partnerships and potentially preventable hospitalizations, which was 
consistent for Medicaid and Medicare beneficiaries (Figure 8; Tables 10 & 11a-e). 
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Figure 8. Marginal effects on potentially preventable hospitalization for each health 
related social need activity 

Vertical lines denote 95% confidence intervals 

4.4 Discussion 

         This analysis of whether hospital efforts to address health-related social needs are 
associated with potentially preventable hospitalizations found a small, statistically 
significant association with meal delivery provision, but no association with other 
services nor extensive partnerships. The association between meal delivery and reduced 
potentially preventable hospitalizations suggests that meal delivery may be an important 
avenue to reduce exacerbation of health conditions. Prior evidence indicates that meal 
delivery is potentially effective through multiple pathways including enhanced nutrition 
provided by the meals themselves, positive benefits from enhanced social connections 
with those who deliver meals, and the ability to use limited resources for other needs.116 
124 

 In addition, given that meal delivery was provided by less than 9% of hospitals 
and was the least common activity, it is possible that meal delivery serves as an indicator 
of a hospital’s culture or strategy and commitment to addressing social needs. Other work 
has found better outcomes among organizations that innovative and develop new 
operations over those that follow trends,125 and meal delivery may be a signal for a 
hospital at the frontier innovative, holistic patient services. In post-hoc analysis, 
organizations that offered meal delivery implemented a mean of 3.24 social needs 
activities, compared to means between 2.17 – 2.94 for hospitals implementing each of the 
other social needs activities (Table 12). Further, hospitals offering meal delivery may 
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have other structures and care processes that are not documented in the AHA survey, but 
also address health related social needs and avert avoidable hospitalizations.  

         One potential explanation for the lack of association between other efforts to 
address health-related social needs and potentially preventable hospitalizations may be 
low reach even when services or partnerships exist. On one hand, it is possible that 
services are not offered broadly and systematically. Though value-based payments may 
encourage hospitals and health systems to address health related social needs,126 services 
may be offered to only a specific payer’s patients or based on eligibility such as “high-
cost/high-need” classification. On the other hand, services may have low uptake even 
when broadly available, as documented in clinical trials of transportation assistance.127 It 
is also possible that current screening for social needs may not sufficiently uncover 
needs,128 or patients may not find the services useful when offered.129  

Another consideration is that hospital efforts to address health-related social needs 
may impact the social determinants of health in alternate ways. For example, community-
oriented violence prevention programs improve outcomes such as returning to schooling, 
which could have long-term dividends, but would not be captured in this study’s primary 
outcome, potentially preventable hospitalizations.130 Given that hospitalization is an 
extreme outcome, future work should also incorporate more commonly occurring 
outcomes than could be assessed in this study.  

As CMS and others promote expansion of health related social needs activities, 
evidence from multiple contexts is needed. Although some hospitals and health systems 
have publicized strong returns on investments from activities to address health related 
social needs,131 our study indicates that current hospital-based implementation of health 
related social needs activities is not associated with fewer potentially preventable 
hospitalizations. Additional work is needed to better understand implementation factors 
and pathways to achieve better health and healthcare quality. The new quality measures 
on social needs screening and assistance are likely a valuable initial step for 
systematically documenting the reach of health related social needs interventions.  

Health related social needs activities will likely need to be tested and tailored 
locally to meet the needs of specific settings, rather than directly replicated from 
programs used elsewhere.125 Prior evidence highlights the importance of innovation 
capacity when implementing screening for health related social needs.132 Thus, to spread 
effective implementation of additional health related social needs activities, CMS and 
other stakeholders should consider investments in continuous quality improvement 
processes, including processes to incorporate user experience feedback.  

Limitations 

Our findings should be considered in light of some limitations. Data on hospital 
efforts to address health-related social needs is reported dichotomously at the hospital 
level. The reach and effectiveness of each activity to address health related social needs 
was not assessed. Relatedly, we cannot determine which patients received health related 
social needs services to understand direct impacts. In addition, potentially preventable 
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hospitalizations as an outcome captures healthcare quality but also depends on primary 
care and community resources, which may dampen the influence of hospital-based efforts 
to coordinate patient care. Last, we cannot draw causal conclusions given the cross-
sectional data analyzed. 

 
 

4.5 Conclusion 

As hospitals and health systems increasingly pursue value-based care, it is 
commonly assumed that services and partnerships to address health related social needs 
will help meet cost and quality goals. Our results suggest meal delivery services may be 
an effective strategy for addressing health-related social needs and improving quality of 
care. However, the lack of association in other areas suggests that greater understanding 
is needed of the development and reach of hospital-based activities to address health 
related social needs. This additional evidence will help clarify the potential value of 
hospital-based activities to address health related social needs. Such evidence is 
especially needed as federal leadership encourages expansion health related social needs 
activities and in light of quality measures that will begin to hold hospitals and health 
systems accountable for offering such activities.  
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4.6 Tables 

 
Table 7. Characteristics of hospitals in study sample 
 

Hospital Covariate N % 

Ownership   

   Public (county, state, other gov't) 111 (13.7%) 

   Not-for-profit (non-gov't) 637 (78.4%) 

   For-profit 65 (8.0%) 

Bed size (Small, Medium, Large)   

   Up to 99 beds 322 (39.6%) 

   100 to 299 beds 283 (34.8%) 

   300+ beds 208 (25.6%) 

Member of Larger Health System 570 (70.1%) 

Teaching Hospital 63 (7.8%) 

Participates in an ACO 360 (44.3%) 

Participates in bundled payment 205 (25.2%) 

Rurality   

   Metro 550 (67.6%) 

   Micro 125 (15.4%) 

   Rural 138 (17.0%) 
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Table 8. Characteristics of patients in study sample, by potentially preventable admission status 
 

  Total Admission Not Potentially 
Preventable 

Admission Potentially 
Preventable 

 
N=6,003,739 

 
N=5,207,668 

 
N=796,071 

 

Sex (Female) 3,071,941 (51.2%) 2,647,539 (50.8%) 424,402 (53.3%) 

Age categories 
      

   19 to <40 789,872 (13.2%) 730,860 (14.0%) 59,012 (7.4%) 

   40 to < 65 2,234,405 (37.2%) 1,979,347 (38.0%) 255,058 (32.0%) 

   65+ 2,979,462 (49.6%) 2,497,461 (48.0%) 482,001 (60.5%) 

Race 
      

   White 4,102,284 (68.3%) 3,578,229 (68.7%) 524,055 (65.8%) 

   Black 867,843 (14.5%) 723,943 (13.9%) 143,900 (18.1%) 

   Hispanic 598,180 (10.0%) 518,625 (10.0%) 79,555 (10.0%) 

   Asian or Pacific Islander 131,810 (2.2%) 117,086 (2.2%) 14,724 (1.8%) 

   Native American 28,771 (0.5%) 24,975 (0.5%) 3,796 (0.5%) 

   other 274,851 (4.6%) 244,810 (4.7%) 30,041 (3.8%) 

Charlson Comorbidity Index       

  0 comorbidities 1,729,725 (28.8%) 1,678,360 (32.2%) 51,365 (6.5%) 

  1 comorbidity 1,297,421 (21.6%) 1,116,442 (21.4%) 180,979 (22.7%) 
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  Total Admission Not Potentially 
Preventable 

Admission Potentially 
Preventable 

  2 comorbidities 983,733 (16.4%) 823,487 (15.8%) 160,246 (20.1%) 

   3+ comorbidities 1,992,860 (33.2%) 1,589,379 (30.5%) 403,481 (50.7%) 

Zip code level median household 
income (national quartiles) 

      

   $1-$43,999 1,656,987 (27.6%) 1,403,606 (27.0%) 253,381 (31.8%) 

   $44k-$55,999 1,513,193 (25.2%) 1,307,932 (25.1%) 205,261 (25.8%) 

   $56k-73,999 1,475,089 (24.6%) 1,292,841 (24.8%) 182,248 (22.9%) 

   74k+ 1,358,470 (22.6%) 1,203,289 (23.1%) 155,181 (19.5%) 

Primary Payer 
      

   Medicare 3,244,118 (54.0%) 2,718,080 (52.2%) 526,038 (66.1%) 

   Medicaid 993,212 (16.5%) 873,759 (16.8%) 119,453 (15.0%) 

   Private Insurance 1,390,789 (23.2%) 1,280,049 (24.6%) 110,740 (13.9%) 

   Other (self, no charge, oth, miss) 375,620 (6.3%) 335,780 (6.4%) 39,840 (5.0%) 
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Table 9. Balance in patient characteristics for each health related social need activity, before and after weighting 

A. Meal Delivery 
  Unweighted     Weighted     

  Mean in 
treated 

Mean in 
Untreated 

Standardized 
difference  

Mean in 
treated 

Mean in 
Untreated 

Standardized 
difference 

Sex: Female 0.51 0.51 0.006  0.51 0.51 0.001 
Age: 19to39 0.13 0.13 -0.009  0.14 0.13 0.012 
Age: 40to64 0.36 0.37 -0.028  0.37 0.37 -0.009 
Age: 65plus 0.51 0.49 0.033  0.50 0.50 0.001 
Race: White 0.74 0.68 0.132  0.70 0.68 0.044 
Race: Black 0.12 0.15 -0.064  0.13 0.14 -0.028 
Race: Hispanic 0.07 0.10 -0.133  0.09 0.10 -0.034 
Race: Asian 0.02 0.02 0.004  0.02 0.02 -0.007 
Race: Other 0.05 0.05 -0.001  0.05 0.05 0.003 
Comorbidities: 0 0.30 0.29 0.028  0.29 0.29 0.000 
Comorbidities: 1 0.22 0.22 0.002  0.22 0.22 -0.002 
Comorbidities: 2 0.16 0.16 -0.003  0.16 0.16 0.002 
Comorbidities: 3+ 0.32 0.33 -0.026  0.33 0.33 0.000 
Zip code income: low 0.20 0.28 -0.199  0.33 0.27 0.134 
Zip code income: low-mid 0.18 0.26 -0.177  0.22 0.25 -0.081 
Zip code income: mid-high 0.22 0.25 -0.076  0.19 0.25 -0.142 
Zip code income: high 0.40 0.21 0.422  0.26 0.22 0.081 
Payer: Medicare 0.55 0.54 0.017  0.54 0.54 0.007 
Payer: Medicaid 0.15 0.17 -0.046  0.17 0.17 0.004 
Payer: Private 0.25 0.23 0.038  0.23 0.23 -0.011 
Payer: Other 0.06 0.06 -0.032  0.06 0.06 -0.001 
 

Red text indicates standardized mean difference with absolute value greater than 0.1 (poor balance) 



 

 

49 

B. Transportation to Health Services 
  Unweighted     Weighted     

  Mean in 
treated 

Mean in 
Untreated 

Standardized 
difference  

Mean in 
treated 

Mean in 
Untreated 

Standardized 
difference 

Sex: Female 0.51 0.51 -0.009  0.51 0.51 -0.001 
Age: 19to39 0.14 0.13 0.040  0.13 0.13 0.002 
Age: 40to64 0.38 0.37 0.021  0.37 0.37 -0.003 
Age: 65plus 0.48 0.50 -0.048  0.50 0.50 0.001 
Race: White 0.59 0.74 -0.319  0.68 0.68 -0.002 
Race: Black 0.18 0.12 0.167  0.15 0.14 0.001 
Race: Hispanic 0.13 0.08 0.142  0.10 0.10 0.001 
Race: Asian 0.03 0.02 0.079  0.02 0.02 0.000 
Race: Other 0.07 0.03 0.162  0.05 0.04 0.022 
Comorbidities: 0 0.30 0.28 0.026  0.29 0.29 0.004 
Comorbidities: 1 0.21 0.22 -0.005  0.21 0.22 -0.007 
Comorbidities: 2 0.16 0.16 -0.007  0.16 0.16 0.001 
Comorbidities: 3+ 0.33 0.33 -0.014  0.33 0.33 0.001 
Zip code income: low 0.28 0.27 0.021  0.29 0.27 0.042 
Zip code income: low-mid 0.23 0.26 -0.080  0.24 0.26 -0.037 
Zip code income: mid-high 0.23 0.25 -0.057  0.23 0.26 -0.071 
Zip code income: high 0.26 0.21 0.118  0.25 0.22 0.065 
Payer: Medicare 0.52 0.55 -0.078  0.53 0.54 -0.024 
Payer: Medicaid 0.18 0.16 0.075  0.17 0.16 0.018 
Payer: Private 0.24 0.23 0.027  0.24 0.23 0.021 
Payer: Other 0.06 0.06 -0.004  0.06 0.06 -0.015 
 
Red text indicates standardized mean difference with absolute value greater than 0.1 (poor balance) 
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C. Mobile Clinic Services 
  Unweighted     Weighted     

  Mean in 
treated 

Mean in 
Untreated 

Standardized 
difference  

Mean in 
treated 

Mean in 
Untreated 

Standardized 
difference 

Sex: Female 0.50 0.52 -0.029  0.51 0.51 0.000 
Age: 19to39 0.15 0.12 0.072  0.13 0.13 -0.006 
Age: 40to64 0.39 0.36 0.058  0.38 0.37 0.011 
Age: 65plus 0.46 0.51 -0.106  0.49 0.50 -0.006 
Race: White 0.59 0.73 -0.284  0.68 0.68 -0.003 
Race: Black 0.18 0.13 0.136  0.15 0.14 0.002 
Race: Hispanic 0.13 0.08 0.163  0.10 0.10 0.001 
Race: Asian 0.02 0.02 0.010  0.02 0.02 0.000 
Race: Other 0.07 0.04 0.153  0.05 0.04 0.018 
Comorbidities: 0 0.29 0.29 0.014  0.29 0.29 0.008 
Comorbidities: 1 0.21 0.22 -0.021  0.21 0.22 -0.013 
Comorbidities: 2 0.16 0.16 -0.006  0.16 0.16 0.000 
Comorbidities: 3+ 0.33 0.33 0.009  0.33 0.33 0.003 
Zip code income: low 0.29 0.27 0.055  0.28 0.27 0.035 
Zip code income: low-mid 0.23 0.26 -0.073  0.24 0.26 -0.046 
Zip code income: mid-high 0.23 0.25 -0.058  0.23 0.25 -0.057 
Zip code income: high 0.25 0.22 0.075  0.25 0.22 0.067 
Payer: Medicare 0.50 0.56 -0.109  0.53 0.54 -0.025 
Payer: Medicaid 0.19 0.16 0.086  0.17 0.16 0.009 
Payer: Private 0.24 0.23 0.018  0.23 0.23 0.002 
Payer: Other 0.07 0.06 0.056  0.07 0.06 0.034 
 
Red text indicates standardized mean difference with absolute value greater than 0.1 (poor balance) 
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D. Community-Oriented Violence Prevention Programs 
  Unweighted     Weighted     

  Mean in 
treated 

Mean in 
Untreated 

Standardized 
difference  

Mean in 
treated 

Mean in 
Untreated 

Standardized 
difference 

Sex: Female 0.51 0.51 -0.013  0.51 0.51 -0.002 
Age: 19to39 0.14 0.13 0.050  0.13 0.13 0.000 
Age: 40to64 0.39 0.37 0.040  0.38 0.37 0.013 
Age: 65plus 0.47 0.51 -0.073  0.49 0.50 -0.012 
Race: White 0.60 0.72 -0.243  0.68 0.68 -0.011 
Race: Black 0.17 0.13 0.095  0.15 0.15 0.008 
Race: Hispanic 0.12 0.09 0.114  0.10 0.10 0.005 
Race: Asian 0.03 0.02 0.034  0.02 0.02 0.004 
Race: Other 0.08 0.03 0.185  0.05 0.04 0.021 
Comorbidities: 0 0.29 0.29 0.002  0.29 0.29 0.010 
Comorbidities: 1 0.21 0.22 -0.023  0.21 0.22 -0.012 
Comorbidities: 2 0.16 0.16 0.000  0.16 0.16 0.001 
Comorbidities: 3+ 0.34 0.33 0.018  0.33 0.33 0.001 
Zip code income: low 0.28 0.28 0.000  0.30 0.26 0.089 
Zip code income: low-mid 0.20 0.27 -0.163  0.22 0.26 -0.110 
Zip code income: mid-high 0.23 0.25 -0.049  0.22 0.26 -0.081 
Zip code income: high 0.29 0.20 0.211  0.26 0.22 0.096 
Payer: Medicare 0.51 0.55 -0.084  0.53 0.54 -0.026 
Payer: Medicaid 0.19 0.16 0.083  0.18 0.16 0.041 
Payer: Private 0.25 0.23 0.048  0.24 0.23 0.021 
Payer: Other 0.06 0.07 -0.040  0.05 0.07 -0.049 
 
Red text indicates standardized mean difference with absolute value greater than 0.1 (poor balance) 
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E. Extensive Partnerships for Population Health 
  Unweighted     Weighted     

  Mean in 
treated 

Mean in 
Untreated 

Standardized 
difference  

Mean in 
treated 

Mean in 
Untreated 

Standardized 
difference 

Sex: Female 0.51 0.51 -0.008  0.51 0.51 0.002 
Age: 19to39 0.13 0.13 0.023  0.13 0.13 -0.010 
Age: 40to64 0.37 0.37 0.019  0.37 0.37 0.004 
Age: 65plus 0.49 0.51 -0.034  0.50 0.49 0.003 
Race: White 0.66 0.73 -0.152  0.68 0.68 0.016 
Race: Black 0.15 0.12 0.094  0.14 0.15 -0.007 
Race: Hispanic 0.11 0.09 0.069  0.10 0.10 -0.007 
Race: Asian 0.02 0.02 0.044  0.02 0.02 0.000 
Race: Other 0.05 0.04 0.052  0.05 0.05 -0.010 
Comorbidities: 0 0.29 0.29 -0.016  0.29 0.29 -0.003 
Comorbidities: 1 0.21 0.22 -0.015  0.22 0.22 0.000 
Comorbidities: 2 0.16 0.16 0.001  0.16 0.16 0.001 
Comorbidities: 3+ 0.34 0.32 0.028  0.33 0.33 0.001 
Zip code income: low 0.26 0.32 -0.128  0.28 0.26 0.052 
Zip code income: low-mid 0.24 0.29 -0.119  0.25 0.27 -0.049 
Zip code income: mid-high 0.25 0.24 0.021  0.24 0.27 -0.064 
Zip code income: high 0.26 0.15 0.252  0.23 0.21 0.064 
Payer: Medicare 0.53 0.56 -0.055  0.54 0.54 -0.015 
Payer: Medicaid 0.17 0.15 0.059  0.17 0.16 0.040 
Payer: Private 0.24 0.22 0.050  0.23 0.23 0.020 
Payer: Other 0.06 0.07 -0.063  0.06 0.07 -0.062 
 
Red text indicates standardized mean difference with absolute value greater than 0.1 (poor balance) 
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Table 10. Marginal effect for each activity to address health related social needs (percentage point change in probability of 
potentially preventable admission when activity is present) 

GLM Models Overall Medicaid Medicare 

  Marginal 
Effect 

95% 
CI LL 

95% 
CI UL 

Marginal 
Effect 

95% 
CI LL 

95% 
CI UL 

Marginal 
Effect 

95% 
CI LL 

95% 
CI UL 

Meal Delivery  -1.1 -2.1 -0.1 -2.3 -3.5 -1.0 -0.9 -2.1 0.2 

Transportation to Medical 
Appointments 0.3 -0.4 0.9 -0.3 -1.0 0.4 0.4 -0.3 1.1 

Community-Oriented 
Violence Prevention 
Programs  

-0.5 -0.2 0.2 -0.4 -1.1 0.3 -0.3 -1.1 0.5 

Mobile Health Clinic -0.1 -0.8 0.6 0.0 -0.7 0.7 -0.1 -0.9 0.7 

Extensive Partnerships 0.1 -0.5 0.6 0.0 -0.7 0.8 0.0 -0.7 0.7 

 
*All models control for gender, age category, race, zip code level income, comorbidities, payer, ownership, beds, system, teaching, 
accountable care organization participation, bundled payment participation, and rurality. 
 
CI = confidence interval, LL = lower limit; UL = upper limit 
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Table 11. Associations between potentially preventable hospitalizations and each hospital-based activity to address health 
related social needs (with odds ratios for all covariates modeled) 

A. Meal Delivery 

 Full sample Medicaid Only Medicare Only 

 Odds Ratio 

95% 
Confidence 

Interval Odds Ratio 

95% 
Confidence 

Interval Odds Ratio 

95% 
Confidence 

Interval 
Meal Delivery 0.905* [0.825,0.993] 0.794*** [0.697,0.904] 0.931 [0.851,1.019] 
Sex: Female 1.129*** [1.118,1.140] 1.133*** [1.103,1.165] 1.146*** [1.135,1.157] 
Age: 19to39 1 [1,1] 1 [1,1] 1 [1,1] 
Age: 40to64 0.994 [0.962,1.026] 1.005 [0.967,1.045] 1.264*** [1.208,1.323] 
Age: 65+ 1.124*** [1.081,1.169] 1.279*** [1.202,1.361] 1.315*** [1.251,1.383] 
Race: White 1 [1,1] 1 [1,1] 1 [1,1] 
Race: Black 1.424*** [1.378,1.471] 1.461*** [1.394,1.530] 1.277*** [1.237,1.319] 
Race: Hispanic 1.174*** [1.123,1.227] 1.115*** [1.048,1.186] 1.178*** [1.127,1.233] 
Race: Asian 0.957 [0.855,1.072] 0.963 [0.833,1.112] 0.949 [0.845,1.067] 
Race: Other 0.975 [0.931,1.021] 0.99 [0.928,1.055] 0.966 [0.916,1.019] 
Zip code income: low 1 [1,1] 1 [1,1] 1 [1,1] 
Zip code income: low-mid 0.925*** [0.897,0.953] 0.923*** [0.885,0.963] 0.941*** [0.913,0.970] 
Zip code income: mid-high 0.878*** [0.849,0.907] 0.875*** [0.836,0.917] 0.902*** [0.873,0.933] 
Zip code income: high 0.865*** [0.823,0.910] 0.843*** [0.787,0.902] 0.912*** [0.869,0.957] 
Comorbidities: 0 1 [1,1] 1 [1,1] 1 [1,1] 
Comorbidities: 1 4.974*** [4.837,5.115] 7.148*** [6.764,7.553] 3.727*** [3.630,3.827] 
Comorbidities: 2 5.929*** [5.717,6.149] 9.913*** [9.261,10.61] 4.483*** [4.341,4.630] 
Comorbidities: 3+ 7.547*** [7.259,7.847] 9.949*** [9.252,10.70] 6.087*** [5.869,6.313] 
Payer: Medicare 1 [1,1]     
Payer: Medicaid 1.002 [0.977,1.028]     
Payer: Private 0.715*** [0.695,0.735]     
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Payer: Other 0.98 [0.941,1.020]     
Ownership: Public 1 [1,1] 1 [1,1] 1 [1,1] 
Ownership: Non-profit 1.012 [0.935,1.096] 1.063 [0.945,1.196] 0.979 [0.907,1.056] 
Ownership: For-profit 1.011 [0.905,1.130] 1.134 [0.978,1.316] 0.98 [0.878,1.093] 
Size: 0-99 beds 1 [1,1] 1 [1,1] 1 [1,1] 
Size: 100-299 beds 0.795*** [0.727,0.869] 0.771*** [0.681,0.872] 0.808*** [0.740,0.882] 
Size: 300+ beds 0.714*** [0.652,0.782] 0.684*** [0.601,0.780] 0.734*** [0.672,0.802] 
Part of a system 1.032 [0.970,1.098] 1.089 [0.995,1.191] 1.012 [0.951,1.076] 
Teaching hospital 0.805*** [0.741,0.876] 0.804*** [0.739,0.874] 0.832*** [0.769,0.901] 
ACO participant 0.981 [0.933,1.033] 0.995 [0.934,1.061] 0.966 [0.920,1.015] 
Bundled payment participant 0.997 [0.942,1.057] 1.017 [0.952,1.085] 0.989 [0.937,1.044] 
Rurality: Metropolitan 1 [1,1] 1 [1,1] 1 [1,1] 
Rurality: Micropolitan 1.175*** [1.069,1.292] 1.162* [1.029,1.312] 1.159** [1.060,1.267] 
Rurality: Rural 1.736*** [1.422,2.118] 1.462** [1.116,1.915] 1.754*** [1.452,2.119] 
 

* = p < 0.05; ** = p< 0.01 *** = p<0.001 
 

B. Transportation to Medical Appointments 

 Full sample Medicaid Only Medicare Only 

 Odds Ratio 

95% 
Confidence 

Interval Odds Ratio 

95% 
Confidence 

Interval Odds Ratio 

95% 
Confidence 

Interval 
Transportation 1.024 [0.966,1.087] 0.969 [0.900,1.043] 1.031 [0.974,1.091] 
Sex: Female 1.128*** [1.117,1.139] 1.130*** [1.100,1.161] 1.146*** [1.135,1.157] 
Age: 19to39 1 [1,1] 1 [1,1] 1 [1,1] 
Age: 40to64 0.991 [0.960,1.023] 1.002 [0.965,1.041] 1.256*** [1.200,1.315] 
Age: 65+ 1.120*** [1.077,1.164] 1.272*** [1.192,1.357] 1.306*** [1.242,1.374] 
Race: White 1 [1,1] 1 [1,1] 1 [1,1] 
Race: Black 1.418*** [1.373,1.464] 1.472*** [1.408,1.538] 1.270*** [1.230,1.310] 
Race: Hispanic 1.168*** [1.115,1.224] 1.117*** [1.053,1.185] 1.170*** [1.115,1.228] 
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Race: Asian 0.933 [0.851,1.023] 0.941 [0.823,1.077] 0.924 [0.843,1.014] 
Race: Other 0.958* [0.918,0.999] 0.976 [0.916,1.039] 0.951* [0.906,0.998] 
Zip code income: low 1 [1,1] 1 [1,1] 1 [1,1] 
Zip code income: low-mid 0.924*** [0.897,0.952] 0.920*** [0.882,0.958] 0.939*** [0.912,0.968] 
Zip code income: mid-high 0.876*** [0.848,0.905] 0.867*** [0.829,0.907] 0.900*** [0.871,0.931] 
Zip code income: high 0.863*** [0.822,0.907] 0.826*** [0.772,0.885] 0.912*** [0.869,0.956] 
Comorbidities: 0 1 [1,1] 1 [1,1] 1 [1,1] 
Comorbidities: 1 4.998*** [4.863,5.136] 7.234*** [6.864,7.624] 3.741*** [3.646,3.838] 
Comorbidities: 2 5.965*** [5.752,6.186] 10.06*** [9.418,10.75] 4.504*** [4.362,4.650] 
Comorbidities: 3+ 7.586*** [7.295,7.889] 10.09*** [9.399,10.84] 6.112*** [5.895,6.338] 
Payer: Medicare 1 [1,1]     
Payer: Medicaid 1.004 [0.980,1.029]     
Payer: Private 0.714*** [0.694,0.734]     
Payer: Other 0.984 [0.943,1.026]     
Ownership: Public 1 [1,1] 1 [1,1] 1 [1,1] 
Ownership: Non-profit 1.002 [0.927,1.084] 1.062 [0.945,1.193] 0.969 [0.899,1.044] 
Ownership: For-profit 1.004 [0.899,1.122] 1.134 [0.976,1.317] 0.973 [0.870,1.087] 
Size: 0-99 beds 1 [1,1] 1 [1,1] 1 [1,1] 
Size: 100-299 beds 0.804*** [0.740,0.874] 0.779*** [0.692,0.878] 0.817*** [0.753,0.888] 
Size: 300+ beds 0.723*** [0.663,0.788] 0.699*** [0.617,0.792] 0.743*** [0.682,0.808] 
Part of a system 1.027 [0.967,1.092] 1.065 [0.977,1.162] 1.01 [0.950,1.074] 
Teaching hospital 0.800*** [0.732,0.873] 0.801*** [0.734,0.875] 0.825*** [0.760,0.896] 
ACO participant 0.982 [0.930,1.036] 1.004 [0.941,1.071] 0.965 [0.917,1.016] 
Bundled payment participant 0.995 [0.938,1.055] 1.01 [0.945,1.079] 0.99 [0.937,1.046] 
Rurality: Metropolitan 1 [1,1] 1 [1,1] 1 [1,1] 
Rurality: Micropolitan 1.156** [1.055,1.266] 1.145* [1.022,1.282] 1.143** [1.047,1.248] 
Rurality: Rural 1.774*** [1.489,2.114] 1.475** [1.132,1.922] 1.799*** [1.526,2.119] 

 

* = p < 0.05; ** = p< 0.01 *** = p<0.001 
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C. Mobile Clinics 

 Full sample Medicaid Only Medicare Only 

 Odds Ratio 

95% 
Confidence 

Interval Odds Ratio 

95% 
Confidence 

Interval Odds Ratio 

95% 
Confidence 

Interval 
Mobile Clinics 0.991 [0.931,1.055] 0.998 [0.928,1.073] 0.992 [0.934,1.054] 
Sex: Female 1.129*** [1.118,1.140] 1.134*** [1.103,1.165] 1.146*** [1.135,1.158] 
Age: 19to39 1 [1,1] 1 [1,1] 1 [1,1] 
Age: 40to64 0.991 [0.960,1.023] 1.002 [0.964,1.041] 1.257*** [1.201,1.316] 
Age: 65+ 1.119*** [1.077,1.164] 1.271*** [1.195,1.352] 1.307*** [1.243,1.374] 
Race: White 1 [1,1] 1 [1,1] 1 [1,1] 
Race: Black 1.421*** [1.376,1.468] 1.462*** [1.394,1.532] 1.274*** [1.235,1.315] 
Race: Hispanic 1.173*** [1.125,1.224] 1.113*** [1.050,1.180] 1.178*** [1.127,1.231] 
Race: Asian 0.956 [0.854,1.072] 0.963 [0.829,1.119] 0.947 [0.843,1.063] 
Race: Other 0.965 [0.924,1.008] 0.972 [0.913,1.035] 0.955 [0.910,1.003] 
Zip code income: low 1 [1,1] 1 [1,1] 1 [1,1] 
Zip code income: low-mid 0.926*** [0.898,0.954] 0.924*** [0.886,0.963] 0.942*** [0.914,0.970] 
Zip code income: mid-high 0.878*** [0.849,0.907] 0.872*** [0.834,0.913] 0.903*** [0.874,0.933] 
Zip code income: high 0.867*** [0.826,0.911] 0.839*** [0.784,0.899] 0.915*** [0.873,0.959] 
Comorbidities: 0 1 [1,1] 1 [1,1] 1 [1,1] 
Comorbidities: 1 4.986*** [4.848,5.127] 7.191*** [6.810,7.593] 3.735*** [3.637,3.836] 
Comorbidities: 2 5.959*** [5.745,6.181] 10.03*** [9.370,10.75] 4.500*** [4.358,4.646] 
Comorbidities: 3+ 7.581*** [7.289,7.885] 10.10*** [9.387,10.86] 6.108*** [5.890,6.334] 
Payer: Medicare 1 [1,1]     
Payer: Medicaid 1.004 [0.979,1.029]     
Payer: Private 0.715*** [0.695,0.735]     
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Payer: Other 0.977 [0.940,1.017]     
Ownership: Public 1 [1,1] 1 [1,1] 1 [1,1] 
Ownership: Non-profit 1.006 [0.929,1.089] 1.056 [0.941,1.185] 0.976 [0.904,1.055] 
Ownership: For-profit 1.005 [0.899,1.123] 1.131 [0.976,1.311] 0.976 [0.873,1.091] 
Size: 0-99 beds 1 [1,1] 1 [1,1] 1 [1,1] 
Size: 100-299 beds 0.807*** [0.742,0.877] 0.782*** [0.690,0.887] 0.820*** [0.756,0.890] 
Size: 300+ beds 0.724*** [0.664,0.789] 0.697*** [0.609,0.797] 0.745*** [0.684,0.810] 
Part of a system 1.032 [0.971,1.097] 1.076 [0.982,1.179] 1.015 [0.955,1.078] 
Teaching hospital 0.805*** [0.740,0.876] 0.798*** [0.732,0.871] 0.835*** [0.771,0.904] 
ACO participant 0.986 [0.936,1.039] 1.003 [0.941,1.070] 0.97 [0.921,1.021] 
Bundled payment participant 0.993 [0.938,1.052] 1.011 [0.946,1.079] 0.988 [0.935,1.044] 
Rurality: Metropolitan 1 [1,1] 1 [1,1] 1 [1,1] 
Rurality: Micropolitan 1.158** [1.061,1.265] 1.148* [1.023,1.289] 1.146** [1.053,1.248] 
Rurality: Rural 1.763*** [1.476,2.105] 1.467** [1.121,1.919] 1.791*** [1.518,2.113] 

 

* = p < 0.05; ** = p< 0.01 *** = p<0.001 
 

D. Community-Oriented Violence Prevention Programs 

 Full sample Medicaid Only Medicare Only 

 Odds Ratio 

95% 
Confidence 

Interval Odds Ratio 

95% 
Confidence 

Interval Odds Ratio 

95% 
Confidence 

Interval 
Violence Prevention 0.958 [0.898,1.022] 0.962 [0.895,1.034] 0.978 [0.918,1.041] 
Sex: Female 1.129*** [1.118,1.140] 1.134*** [1.103,1.165] 1.146*** [1.135,1.158] 
Age: 19to39 1 [1,1] 1 [1,1] 1 [1,1] 
Age: 40to64 0.991 [0.960,1.023] 1.002 [0.964,1.041] 1.257*** [1.201,1.316] 
Age: 65+ 1.119*** [1.077,1.164] 1.271*** [1.195,1.352] 1.307*** [1.243,1.374] 
Race: White 1 [1,1] 1 [1,1] 1 [1,1] 
Race: Black 1.421*** [1.376,1.468] 1.462*** [1.394,1.532] 1.274*** [1.235,1.315] 
Race: Hispanic 1.173*** [1.125,1.224] 1.113*** [1.050,1.180] 1.178*** [1.127,1.231] 
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Race: Asian 0.956 [0.854,1.072] 0.963 [0.829,1.119] 0.947 [0.843,1.063] 
Race: Other 0.965 [0.924,1.008] 0.972 [0.913,1.035] 0.955 [0.910,1.003] 
Zip code income: low 1 [1,1] 1 [1,1] 1 [1,1] 
Zip code income: low-mid 0.926*** [0.898,0.954] 0.924*** [0.886,0.963] 0.942*** [0.914,0.970] 
Zip code income: mid-high 0.878*** [0.849,0.907] 0.872*** [0.834,0.913] 0.903*** [0.874,0.933] 
Zip code income: high 0.867*** [0.826,0.911] 0.839*** [0.784,0.899] 0.915*** [0.873,0.959] 
Comorbidities: 0 1 [1,1] 1 [1,1] 1 [1,1] 
Comorbidities: 1 4.986*** [4.848,5.127] 7.191*** [6.810,7.593] 3.735*** [3.637,3.836] 
Comorbidities: 2 5.959*** [5.745,6.181] 10.03*** [9.370,10.75] 4.500*** [4.358,4.646] 
Comorbidities: 3+ 7.581*** [7.289,7.885] 10.10*** [9.387,10.86] 6.108*** [5.890,6.334] 
Payer: Medicare 1 [1,1]     
Payer: Medicaid 1.004 [0.979,1.029]     
Payer: Private 0.715*** [0.695,0.735]     
Payer: Other 0.977 [0.940,1.017]     
Ownership: Public 1 [1,1] 1 [1,1] 1 [1,1] 
Ownership: Non-profit 1.006 [0.929,1.089] 1.056 [0.941,1.185] 0.976 [0.904,1.055] 
Ownership: For-profit 1.005 [0.899,1.123] 1.131 [0.976,1.311] 0.976 [0.873,1.091] 
Size: 0-99 beds 1 [1,1] 1 [1,1] 1 [1,1] 
Size: 100-299 beds 0.807*** [0.742,0.877] 0.782*** [0.690,0.887] 0.820*** [0.756,0.890] 
Size: 300+ beds 0.724*** [0.664,0.789] 0.697*** [0.609,0.797] 0.745*** [0.684,0.810] 
Part of a system 1.032 [0.971,1.097] 1.076 [0.982,1.179] 1.015 [0.955,1.078] 
Teaching hospital 0.805*** [0.740,0.876] 0.798*** [0.732,0.871] 0.835*** [0.771,0.904] 
ACO participant 0.986 [0.936,1.039] 1.003 [0.941,1.070] 0.97 [0.921,1.021] 
Bundled payment participant 0.993 [0.938,1.052] 1.011 [0.946,1.079] 0.988 [0.935,1.044] 
Rurality: Metropolitan 1 [1,1] 1 [1,1] 1 [1,1] 
Rurality: Micropolitan 1.158** [1.061,1.265] 1.148* [1.023,1.289] 1.146** [1.053,1.248] 
Rurality: Rural 1.763*** [1.476,2.105] 1.467** [1.121,1.919] 1.791*** [1.518,2.113] 

 

* = p < 0.05; ** = p< 0.01 *** = p<0.001 
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E. Extensive Partnerships for Population Health Improvement 

 Full sample Medicaid Only Medicare Only 

 Odds Ratio 

95% 
Confidence 

Interval Odds Ratio 

95% 
Confidence 

Interval Odds Ratio 

95% 
Confidence 

Interval 
Extensive Partnerships 1.006 [0.954,1.061] 1.003 [0.929,1.084] 1.001 [0.949,1.055] 
Sex: Female 1.129*** [1.118,1.141] 1.132*** [1.101,1.163] 1.147*** [1.136,1.158] 
Age: 19to39 1 [1,1] 1 [1,1] 1 [1,1] 
Age: 40to64 0.994 [0.963,1.026] 1.005 [0.967,1.045] 1.264*** [1.207,1.325] 
Age: 65+ 1.126*** [1.082,1.172] 1.291*** [1.210,1.376] 1.319*** [1.253,1.388] 
Race: White 1 [1,1] 1 [1,1] 1 [1,1] 
Race: Black 1.424*** [1.378,1.472] 1.466*** [1.397,1.537] 1.278*** [1.237,1.320] 
Race: Hispanic 1.176*** [1.123,1.230] 1.117*** [1.048,1.191] 1.180*** [1.126,1.236] 
Race: Asian 0.948 [0.853,1.054] 0.947 [0.823,1.090] 0.938 [0.841,1.047] 
Race: Other 0.979 [0.934,1.025] 0.994 [0.927,1.066] 0.969 [0.920,1.020] 
Zip code income: low 1 [1,1] 1 [1,1] 1 [1,1] 
Zip code income: low-mid 0.926*** [0.898,0.954] 0.924*** [0.885,0.964] 0.941*** [0.913,0.970] 
Zip code income: mid-high 0.878*** [0.849,0.908] 0.871*** [0.831,0.913] 0.903*** [0.873,0.934] 
Zip code income: high 0.859*** [0.818,0.903] 0.822*** [0.766,0.881] 0.910*** [0.867,0.954] 
Comorbidities: 0 1 [1,1] 1 [1,1] 1 [1,1] 
Comorbidities: 1 5.007*** [4.867,5.151] 7.204*** [6.805,7.627] 3.744*** [3.646,3.843] 
Comorbidities: 2 5.973*** [5.755,6.198] 10.02*** [9.328,10.76] 4.503*** [4.359,4.652] 
Comorbidities: 3+ 7.602*** [7.306,7.909] 10.02*** [9.290,10.82] 6.129*** [5.907,6.358] 
Payer: Medicare 1 [1,1]     
Payer: Medicaid 1.005 [0.979,1.031]     
Payer: Private 0.715*** [0.696,0.735]     
Payer: Other 0.981 [0.941,1.021]     
Ownership: Public 1 [1,1] 1 [1,1] 1 [1,1] 
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Ownership: Non-profit 1.003 [0.925,1.088] 1.053 [0.932,1.189] 0.971 [0.899,1.050] 
Ownership: For-profit 0.995 [0.886,1.117] 1.12 [0.955,1.314] 0.964 [0.860,1.082] 
Size: 0-99 beds 1 [1,1] 1 [1,1] 1 [1,1] 
Size: 100-299 beds 0.805*** [0.743,0.874] 0.774*** [0.682,0.878] 0.820*** [0.757,0.888] 
Size: 300+ beds 0.718*** [0.660,0.781] 0.685*** [0.599,0.783] 0.740*** [0.681,0.803] 
Part of a system 1.03 [0.970,1.095] 1.08 [0.986,1.182] 1.011 [0.951,1.073] 
Teaching hospital 0.806*** [0.740,0.876] 0.802*** [0.734,0.877] 0.834*** [0.770,0.903] 
ACO participant 0.987 [0.936,1.040] 1.008 [0.946,1.074] 0.97 [0.921,1.021] 
Bundled payment participant 0.996 [0.940,1.055] 1.012 [0.947,1.082] 0.99 [0.937,1.045] 
Rurality: Metropolitan 1 [1,1] 1 [1,1] 1 [1,1] 
Rurality: Micropolitan 1.156** [1.058,1.264] 1.140* [1.011,1.285] 1.146** [1.052,1.249] 
Rurality: Rural 1.782*** [1.510,2.103] 1.485** [1.148,1.922] 1.807*** [1.547,2.111] 

 

* = p < 0.05; ** = p< 0.01 *** = p<0.001 
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Table 12. Mean number of activities to address health related social needs when each activity is present 

 Activity that is present 
Mean # Activities 

(Range: 1-5) 95% Confidence Interval 

Meal delivery 3.24 3.236-3.243 

Transportation to medical appointments 2.82 2.817-2.820 

Mobile clinic 2.82 2.823-2.826 

Community-oriented violence prevention 2.94 2.941-2.945 

Extensive partnerships 2.17 2.170-2.172 
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5 Conclusion 
 

This dissertation contributes new evidence on health system efforts to address 
health related social needs for several key outcomes. Specifically, the first paper 
examined Covid-19 vaccination among people offered case management for health and 
social needs. The second paper leverages the same case management program to compare 
changes in healthcare services use among people who received a housing deposit with 
case management services versus case management services alone. Last, the third paper 
examined five different hospital-based activities to support health related social needs 
and their associations with potentially preventable hospitalizations.  

These studies yield promising results. The first paper identified that people 
offered case management during the first year of the Covid-19 pandemic received Covid-
19 vaccination at higher rates compared to those not offered case management. Results 
highlight how case management program infrastructure played a vital role in a time of 
public health crisis, drawing on case managers’ existing experience in building trust and 
navigating healthcare and social services systems. The finding of spillover public health 
effects adds to earlier research, which identified significantly fewer hospitalizations 
among the intervention group.26 The second paper found that receiving a housing deposit 
in addition to case management was associated with greater decreases in primary care 
relative to a comparison group that received case management alone. Given high pre-
intervention levels of primary care use among deposit recipients, the decrease suggests 
that deposit recipients experienced meaningful health improvements. Last, in the third 
paper, hospital-provided meal delivery was associated with fewer potentially preventable 
hospital admissions based on a large sample of geographically diverse hospitalizations, 
adding to existing positive evidence for meal delivery programs.112-116 

 Although promising, study results also point to a need for caution about what 
health related social needs interventions can realistically achieve. For example, analysis 
of case management and Covid-19 vaccination suggests that case management operations 
may need to be supplemented with focused outreach strategies to boost vaccination 
among disadvantaged subpopulations. In addition, analysis of housing deposits did not 
identify changes in acute care use, which would be necessary to achieve common 
expectations of cost-neutrality or cost-savings. Last, several hospital-based social needs 
activities were not associated with potentially preventable hospitalizations, indicating a 
need to clarify intervention designs and reach.  

Findings from this work provide timely evidence for policy makers and health 
system leaders who may be considering further investments and program development to 
address health related social needs. In particular, the Centers for Medicare and Medicaid 
Services’ section 1115 demonstration waivers establish unique opportunities for states to 
offer new Medicaid benefits for services not traditionally considered medical care. In 
addition, new quality measures will begin to track the extent to which health systems 
inquire about health related social needs and offer assistance.  
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As noted in the conceptual model, future work in this area should also consider 
the external environment, patient demographics, and organizational traits in addition to 
the direct relationship between heath related social needs interventions and key outcomes. 
Conditions in the external environment including state-level policies and local factors 
like housing supply may have heavy influences intervention design and effectiveness. 
Meanwhile certain patient demographics such as Medicaid eligibility may help identify 
patients for whom some interventions may be more impactful, as observed for hospital 
meal delivery. In contrast, patients with other demographics like comorbid behavioral 
health conditions may require more intensive services, as observed in the housing deposit 
population. Last, organizational characteristics including slack resources, data 
integration, and an underlying culture or strategy of addressing health related social needs 
can also support intervention effectiveness.   

In summary, this dissertation has examined interventions to address health related 
social needs from three different angles. Collectively, these papers indicate that health 
system efforts to address health related social needs hold promise. Nevertheless, 
opportunities remain to better understand the factors that enable implementation 
effectiveness. Interventions may require continued tailoring to meet the needs of specific 
patient populations and local communities. 
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