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Introduction 

Individuals with serious mental illness die 25 years earlier than those without a 

mental disorder (1,2,3). It is well known that the fragmented health care system (3-6), 

preventable comorbid conditions (2,5,7,8) and substandard care (5,6,8-10) contribute to 

this inequality in life-expectancy. Interventions within Community Mental Health Centers 

(CMHC) may be the most suitable way to address the disparity as centers are often 

used by the mentally ill, and may be their only entry point into the healthcare system 

(2,10). However, CMHCs seldom deliver a full range of medical services (4,5,10), and 

rarely employ evidence-based approaches to improve such services(10). Consequently, 

the seriously mentally ill, who are prone to deteriorating states of health(1-10), may go 

without care (2), seek medical attention in emergency departments (2,5), or be 

hospitalized when untreated medical conditions worsen (2,5). To address health 

disparities and inappropriate service use there is a critical need to evaluate approaches 

that integrate general health services within specialty mental health settings to improve 

care access and health outcomes.        

Numerous studies have shown the benefits of integrated care. However, only 

limited research demonstrates the best approaches and settings to integrate health 

services for the seriously mentally ill. To address health disparities, and gaps in 

knowledge, section 2703 of the Affordable Care Act (ACA) allocated funds for Health 

Homes, patient-centered care that afford the chronically ill with comprehensive 

behavioral and primary care services. Twenty-one states have taken advantage of this 

funding opportunity. This dissertation describes an evaluation of Rhode Island’s (RI) 
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Health Home  initiative, which provided coordinated and integrated care to Medicaid 

beneficiaries who used CMHCs as their medical home.   

Our long-term goal is to understand how health care integration for the seriously 

mentally ill can improve quality of care and health outcomes. Our overall objective of 

this dissertation is to examine service use and quality of care before and after the 

introduction of health homes. Using longitudinal administrative data from the RI 

Medicaid program, we will compare integration strategies implemented in CMHCs that 

employed diverse care model settings (coordinated, and integrated). Our central 

hypothesis is that Health Home alone, and in consort with an integrated care model 

setting, can increase access to outpatient services, decrease potentially avoidable 

service use, and improve quality of care. Findings from efficacy trials and expert opinion 

support this hypothesis (2-6,). The rationale for the proposed research is that 

understanding the outcomes of health homes will inform and guide policymakers as well 

as states implementing similar initiatives.  

We test our central hypothesis by pursuing the following three specific aims:  

Aim 1:  Establish the degree to which outpatient service use was affected by 

Health Homes.  

Hypothesis 1a: Health Home participant’s use of outpatient services, overall and for 

physical health conditions commonly experienced by individuals with serious mental 

illness, will increase relative to the comparison group.  

Aim 2: Determine the extent to which Health Homes impacted inpatient service 

use and quality of care.  
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Hypothesis 2a: Relative to the comparison group, Health Home participants will have 

fewer hospitalizations and emergency room visits for all-cause, mental health, non-

mental health, and ambulatory care sensitive conditions.  

Aim 3: Identify the care model setting that affected health service use and quality 

of care for Health Home participants.  

Hypothesis 3a: Health Home participants receiving services from an integrated care 

model will have more outpatient service use, overall and for physical health conditions 

commonly experienced by individuals with serious mental illness, than their Health 

Home counterparts in coordinated care models.  

Hypothesis 3b: Health Home participants receiving services from an integrated care 

model will fewer hospitalizations and emergency room visits for  all-cause,  mental 

health, non-mental health, and ambulatory care sensitive conditions than their Health 

Home counterparts in coordinated care models.   

Regarding outcomes, our work will yield findings that could increase access to 

outpatient services, improve the quality of care received by the seriously mentally ill as 

well as identify settings where coordination and integration strategies can be most 

effective. Such results are expected to advance health policy by further defining best 

practices for care integration. Equally important, the outcomes are expected to have a 

positive impact as they may inform the allocation of limited resources, reduce health 

care costs and enhance health outcomes.  
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Introduction 

Approximately 10 million US adults have a Serious Mental Illness (SMI), such as 

schizophrenia disorder, bipolar disorder or major depressive disorder (1-3). Individuals 

with SMI, on average, die 25 years earlier than those without a mental disorder (4-6). 

Preventable comorbid conditions (5,7,8) are a major contributing factor to this inequality 

in life expectancy. Some of the most prevalent comorbidities among the SMI population 

include diabetes, cardiovascular disease, and chronic obstructive pulmonary disease 

(9). Individual (i.e. sedentary lifestyles, poor diets, and high rates of smoking) and social 

(i.e. poverty, unemployment, and homelessness) risk factors as well as side-effects 

from antipsychotic medications (i.e. increased blood pressure, weight gain, and altered 

glucose levels) (5,9) contribute to the high prevalence of chronic comorbidities.  

    

Timely access to outpatient services can help to prevent and treat many of the 

conditions experienced by individuals with SMI (10). However, the fragmented 

healthcare system and symptoms associated with mental illness (i.e. lack of motivation, 

disorganized thought process, and mistrust of health providers) can serve as barriers to 

care (5). Moreover, individuals able to access health services may experience lower 

quality care compared to the non-SMI population (10).  

 

Since publication of the Institute of Medicine’s report on (11) mental health care quality, 

healthcare integration has been highlighted as a means to address health disparities 

among the mentally ill. The majority of interventions and peer-reviewed literature have 

focused on the placement of mental health services into a primary care setting, 
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emphasizing populations with mild to moderate mental illness (1,12). Findings have 

shown improvements in access to services, quality of care, and health outcomes (1,12). 

Few studies have concentrated on populations with SMI or settings frequently used by 

this population, such as Community Mental Health Centers (CMHC) (1,6,12). Integration 

strategies within CMHCs may be an effective way to address health disparities 

experienced by individuals with SMI (6-8). CMHCs may serve as the only entry point 

into the healthcare system for this population (5).   

 

To address health disparities, section 2703 of the Affordable Care Act (1,12) allocated 

funds for Health Homes, patient-centered care that affords the chronically ill with 

comprehensive behavioral and primary care services. Twenty-one states have taken 

advantage of this funding opportunity as of May 2017 (13).This research study 

evaluates one state’s Health Home initiative, which provided coordinated and integrated 

care to Medicaid beneficiaries with SMI who used CMHCs as their medical home. The 

purpose of this paper is to examine the extent to which Health Homes impacted access 

to and use of outpatient services. We hypothesize participants of Health Home will have 

greater access to and use of outpatient services, relative to the comparison group.     

 

Methods 

Intervention  

Health Homes was implemented from October 1, 2011 until October 1, 2013 under the 

auspices of Rhode Island’s Department of Behavioral Health Developmental Disabilities 

and Hospitals (BHDDH). Medicaid beneficiaries receiving BHDDH services with an SMI 
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diagnosis were automatically enrolled into Health Home. Persons not interested in 

participating could opt-out and receive services as usual. An SMI diagnosis was 

ascertained during an individuals’ first clinical evaluation at a CMHC. Participants of 

Health Home met the following eligibility criteria: 1) had a severe and/or persistent 

mental or emotional disorder but for whom long-term 24-hour care could be averted; 

and 2) had impaired role functioning; or underwent psychiatric treatment more intensive 

than outpatient care more than once in a lifetime; or experienced a single episode of 

continuous, structured supportive residential care other than hospitalization for a 

duration of at least two months. Enrollees also met at least two of the following criteria, 

on a continuing or intermittent basis for at least two years: 1) if employed, was 

employed in a sheltered setting, or had markedly limited skills or a poor work history; 2) 

required public financial assistance for out-of-hospital maintenance and was unable to 

procure assistance without help; 3) showed an inability to establish or maintain a social 

support system; 4) required help in basic living skills; 5) exhibited inappropriate social 

behavior which resulted in mental health and/or judicial system intervention. 

 

Health Home provided integrated behavioral and primary care through comprehensive 

case management, care coordination, health promotion services, transitional care, 

individual and family support services and referrals to community and social support 

services. Upon enrolling, participants received comprehensive biopsychosocial 

evaluations and were given personalized treatment plans. Each participant received 

care from a multidisciplinary team of health professionals. A care manager, the Health 



9 
 

Home team leader, was responsible for coordinating and implementing treatment plans. 

Nine CMHCs across the state of Rhode Island participated in Health Home.         

 

Study Population 

The intervention group consisted of Medicaid beneficiaries who were between 18 to 64 

years of age, who were automatically enrolled into Health Homes. Individuals included 

in our analytic sample were consistently eligible and enrolled in Medicaid (2009-2012).  

 

The comparison group consisted of Medicaid beneficiaries between the ages of 18 to 64 

who received mental health services through BHDDH but did not enroll in Health 

Homes. Individuals were consistently eligible and enrolled in Medicaid (2009-2012). 

This comparison group accounts for trends attributed to BHDDH that are not associated 

with Health Homes and may otherwise confound study effects. Additionally, this group 

provides the estimates of what would have happen if those enrolled in Health Homes 

did not participate. We used propensity score weights to ensure the comparison group 

was similar to those who participated in Health Homes on observable baseline 

characteristics. A designation of SMI was determined using Medicaid claims data and 

an International Classification of Diseases, 9th revision (ICD-9) algorithm (14). ICD-9 

codes were truncated to the first three digits due to the potential inconsistency in the 

last two digits. A schizophrenia disorder was defined as having at least one inpatient or 

two outpatient visits classified with the ICD-9 code 295. A mood disorder was defined as 

having at least one inpatient or two outpatient visits classified with the ICD-9 code 296.   
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Data Source 

Our study used Medicaid eligibility file and fee-for-service claims for the period 2009 

through 2012. The American Community Survey (ACS) and Rhode Island Department 

of Health (RIDH) Licensee Lists were also used. Claims provided demographic and 

utilization data on adult Medicaid beneficiaries prior to and following the implementation 

of Health Home. ACS provided sociodemographic factors at the Zip Code Tabulation 

Area (ZCTA)-level while RIDH licensee lists supplied the number of health providers. 

This secondary data analysis was approved by the Brown University Office of Research 

Integrity.  

 

Outcome Variables 

Our primary outcome was outpatient service use. We evaluated the impact of Health 

Home on having one outpatient visit or more and count of outpatient visits (service use 

intensity) for individuals with at least one visit. We looked at overall outpatient visits as 

well as those associated with a physical health condition commonly experienced by 

individuals with SMI (chronic obstructive pulmonary disease (COPD), cardiovascular 

disease, diabetes, hypertension, and obesity) (9). We treated all outpatient service use 

outcomes as dichotomous and count variables.   

 

Independent Variables  

The primary factor of interest was an interaction term composed of indicators for Health 

Home participation (0= no participation; 1=participation) and post-Health Home period 

(0=pre-period; 1=post-period). To minimize confounding we included both individual and 
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ZCTA-level variables in our regression models. Individual-level factors included: 

continuous age, sex indicator, race indicators (White, Black, and Other), number of 

comorbidities using the Elixhauser comorbidity index, mood disorder indicator, and 

schizophrenia disorder indicator. ZCTA-level factors included: median household 

income, percent employed, percent non-Hispanic White, percent non-Hispanic Black, 

percent Hispanic, number of psychiatrist, number of psychologist, number of clinical 

social workers, number of mental health counselors, number of psychiatric nurses, 

number of primary care providers, number of physician assistants, number of CMHCs, 

and number of federally qualified health centers.  

 

Statistical Methods 

We used a difference-in-differences (DD) approach to estimate the extent Health 

Homes impacted outpatient service use. Employing this analytic method allowed us to 

estimate the average treatment effect on the treated (15). We compared the impact 

before and after Health Home began. Our analyses included one pre-intervention period 

(12-months prior to Health Home implementation) and one post-intervention period (12-

months post Health Home onset). In using the DD approach we assume intervention 

and comparison groups possess parallel trends in the pre-intervention period (15). In 

other words, if the intervention had never taken place, outpatient service use for 

intervention and comparison groups would have changed at similar rates. Though this 

assumption cannot be proven, we checked the validity of parallel trends using Medicaid 

claims from 2009-2011 (Appendix A. Figures 1-6). DD is the average difference in 

outpatient service use for Health Home participants minus the average difference in 
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outpatient service use for the comparison group. Any remaining differences in service 

use can be associated to the intervention. In a regression framework, an interaction 

between indictor variables Health Home participation and post-Health Home period 

yield our DD estimate.  

 

For each count outcome, a multivariable model was estimated with a negative binomial 

distribution and a log link function with robust standard errors clustered at the individual 

level. We used a negative binomial distribution as count data was overdispersed. We 

used generalized estimating equations with an autoregressive correlation structure to 

account for the clustering of repeated individual observations over time. For each 

dichotomous outcome we estimated multivariable logistic regression models with a logit 

link function. Similar to our negative binomial models we used robust standard errors 

clustered at the individual level and generalized estimating equations. To obtain the 

desired interpretation of the interaction term in our non-linear models we used the 

predictive margins method to predict outpatient service use for Health Home and 

comparison groups in the pre- and post-intervention periods. All regression models 

were adjusted for individual- and ZCTA-level factors.          

 

Propensity score weights were used in combination with a DD approach to minimize 

bias and maximize comparability between groups on baseline characteristics. 

Propensity score models were generated for each outcome measure. Individual- and 

ZCTA-level variables as well as pre-period outcomes and pre-period outcome trends 

were used to specify the propensity score model. A logistic regression model was used 
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to estimate the propensity score with an indicator for participation in Health Home as the 

outcome variable. We graphically and empirically assessed balance of the propensity 

scores. An absolute percent standardized differences in means ≤ 10% was used to 

determine balance of the propensity scores (16). To estimate the average treatment 

effect on the treated we weighted by the odds of the propensity score (17, 18). Health 

Home participants were given a weight of 1 while individuals in the comparison group 

received a weight of pi / (1- pi) where pi represents the estimated propensity score for 

an individual. Using this weighting scheme allows comparisons who are similar to the 

intervention participants to be weighted higher than those who are dissimilar, which are 

weighted down (18).    

 

Subgroup analyses were conducted to assess the differential impact of Health Home 

participation on Black, Hispanic, and individuals with a schizophrenia disorder. Two 

sensitivity analyses were conducted to evaluate the robustness of our models. One, we 

reran our analyses with a different comparison group (Appendix C. Table 1-2), 

composed of Medicaid beneficiaries, aged 18 years and older, who did not participate in 

Health Home and did not obtain services through BHDDH. Similar to the original 

analyses, propensity score models were generated for each outcome. We also 

validated the parallel trends assumption for our DD analysis with the secondary 

comparison group (See Appendix B. Figures 1-6). Two, we conducted a DD analysis 

employing an outcome not intended to be impacted by Health Home (Appendix D. 

Figure 1), access to dental exams. 
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Results 

Before weighting, there were significant differences between Health Home and 

comparison groups on baseline characteristics (Table 1). One of the larger differences 

between groups was having a schizophrenia disorder diagnosis. Standardized 

difference in means ranged from 0.30% to 55.00%. There were no significant 

differences between Health Home (N=5,272) and comparison (N=1,623) groups after 

weighting. All variables were balanced with standardized differences in means ranging 

from 0.00% to 4.10%. The average age among groups was approximately 45 with a 

larger proportion of females than males, of White race compared to others, had a mood 

disorder, and experienced an average greater than four comorbidities. 

 

Table 2 presents results from our adjusted and weighted DD analysis for Health Home 

impact on access to outpatient services. The proportion of Health Home participant’s 

having at least one outpatient visit for COPD increased from 12.98% in the pre-period to 

13.30% in the post- period. The concurrent trend for the comparison group was 12.89% 

to 10.84%, yielding a DD of 2.37 percentage-points (95% CI: 0.89-4.94). There were no 

differences between groups on having an overall outpatient visit or for a primary 

diagnosis of cardiovascular disease, diabetes, hypertension, or obesity (p>0.05). In our 

sensitivity analyses, Health Home was associated with a 2.78 percentage-point 

increase in the proportion having at least one overall outpatient visit (95%CI: 0.32 to 

5.25), relative to the secondary comparison group (Appendix C. Table 1). Findings also 

suggested a significant increase in the proportion of Health Home participants having an 

outpatient visit for a primary diagnosis of diabetes and hypertension (p<0.05).        
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Among individuals that had ≥ 1 outpatient visit (Table 3), the number of overall 

outpatient visits increased for Health Home participants, relative to the comparison 

group, 74.75/100 person-years (95%CI: 31.08 to 118.92).  There were no differences in 

service use intensity between groups for outpatient visits associated with COPD, 

cardiovascular disease, diabetes, hypertension, or obesity. Sensitivity analyses 

(Appendix C. Table 2) also showed a significant increase in the number of overall 

outpatient visits for Health Home participants compared to the secondary comparison 

group (p<0.05).    

            

Table 4 shows our results from the subgroup analysis on access to outpatient services. 

Over and above the interaction between Health Home and post-period, Black 

participants had a significant increase in the proportion obtaining at least one outpatient 

visit for obesity, 2.34 percentage points (95%CI: 0.38 to 4.30). Black Health Home 

participants also had an increase in outpatient visit access for cardiovascular disease 

and diabetes (p>0.05). Lower access (p>0.05) was seen among Black Health Home 

participants for overall outpatient visits as well as outpatient visits associated with 

hypertension. Hispanic Health Home participants had non-significant increases in visits 

associated with COPD, cardiovascular disease, hypertension, and obesity. Individuals 

with schizophrenia disorder had minor non-significant increases (p>0.05) in all 

outpatient access outcomes, except visits associated with diabetes.   
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Discussion   

Rhode Island was one of the first states to take advantage of section 2703 of the 

Affordable Care Act to develop and implement a Health Home. The program took shape 

as a comprehensive care coordination intervention that targeted individuals with SMI 

and integrated general health services within a mental health setting. There have been 

several evaluations of Medicaid Health Homes (19-22). To our knowledge, we are the 

first to evaluate the impact of the Medicaid Health Homes on access to and use of 

outpatient services.   

 

An objective of Health Home was to increase access to outpatient services. We 

hypothesized Health Home participants would have greater access to and use of 

outpatient services, relative to the comparison group. Results from our analyses 

suggest the initiative was moderately successful. Relative to the comparison group, 

Health Home was associated with a significant increase in the proportion of participants 

having at least one outpatient visit for COPD. Health Home was also associated with a 

significant increase in the number of overall outpatient visits, between pre- and post-

periods. Results from our subgroup analyses suggest Black Health Home participants 

had an increase in the proportion obtaining at last one outpatient visit associated with 

obesity. We did not find a difference between comparison groups in many of our 

outpatient service use outcomes.         

 

Our findings coincide with those of Krupski and colleagues (23) who evaluated the 

Substance Abuse and Mental Health Services Administration’s Primary and Behavioral 
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Health Care Integration (PBHCI) grant program. PBHCI provided grantees, CMHCs, 

with funds to integrate primary care services for individuals with SMI. Researcher 

assessed the impact of PBHCI at two clinics, one had a history of providing integrated 

services and the other was a standalone CMHC. Researchers found a significant 

increase in the proportion of PBHCI participants accessing outpatient services at both 

clinics. PBHCI was also associated with a non-significant increase in the number of 

outpatient visits, per member per month.      

 

Though limited, our findings are promising as individuals with SMI are a hard to reach 

population with high rates of morbidity and mortality (5,9). Timely access to outpatient 

services can help prevent and effectively treat many of the comorbidities experienced 

by individuals with SMI (10). Increase access to and use of outpatient services among 

Health Home participants may be attributed to a synergistic effect between preexisting 

patient-staff relationships and individualized treatment plans.  

 

Patients with strong patient-provider relationships are more likely to adhere to treatment 

regimens, stay in the healthcare system for longer periods, and have better health 

outcomes (24). As staffing at CMHCs did not change when Health Home was 

introduced, participants had established ties with individuals implementing the 

intervention. These relationships may have resulted in mutual trust, which facilitated the 

implementation of treatment plans, care coordination, and resulted in outpatient service 

use. Personalized treatment plans addressed participants’ healthcare needs and 
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treatment goals. Tailored health plans can improve mental health symptoms (25) and 

increase use of primary care (26). 

 

A key aspect of integrated care is enhanced communication and collaboration. Health 

professionals involved in Health Homes would regularly meet to discuss patient status 

and treatment plan progression. Additionally, care managers frequently communicated 

with area clinics and hospitals to coordinate treatment.  Enhanced communication and 

collaboration via behavioral based integration has been found to increase primary care 

visits, use of preventive services, and improve clinical outcomes and quality of life 

(1,12). There is limited research that assesses the impact of inter-team/inter-staff 

communication on service use or patient outcomes. However, integration framework, 

conceptualized by the Center for Integrated Health Solutions, cites communication 

between healthcare providers as a potential means to improve quality of care and 

health outcomes (27). 

 

Our null results may be attributable to the following three reasons. One, the follow-up 

period could have been too brief to see an effect. Given the multiple comorbidities and 

potential barriers to care, a longer follow-up with more exposure to Health Home may 

be needed. Two, when we evaluated the impact of Health Home on outpatient visits 

associated with commonly occurring physical health conditions, we did not limit our 

sample to individuals with diagnosed cases of the conditions. This may have moderated 

our effect estimates. Three, staff capacity and resources may not have been sufficient. 
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CMHCs with limited resources may have experienced difficulties prioritizing new and 

existing demands, which potentially influenced Health Home implementation.   

 

Our evaluation had several limitations. One, our findings may not be generalizable to 

other SMI populations residing in different states. However, findings may serve as a 

case study, which provides insight on an integration approach that provided individuals 

with SMI comprehensive behavioral and primary care services that were patient 

centered and offered in a mental health setting. Two, Health Home was not a 

randomized control trial and may be subject to selection bias. To limit this potential bias 

we employed propensity score weights to maximize comparability between Health 

Home and comparison groups on baseline characteristics. Three, we were unable to 

control for factors that occurred at the same time as Health Home that may differentially 

impact outcomes for our comparison groups.      

 

Our current study also possesses several strengths. We used innovative methods that 

simulated an experimental design and allowed for causal inferences. By using 

propensity score weights we addressed potential differences between those who did 

and did not participate in Health Homes by making them similar on observable baseline 

factors. Using a DD approach allowed us to account for secular trends that may 

obscured the true effects of Health Homes. Medicaid data were available for two years 

prior to Health Home onset, which allowed the validation of the DD parallel trends 

assumption 
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Conclusion 

Our findings suggest the investment in mental health based integration can improve 

access to and use of some outpatient services by individuals with SMI. This is promising 

as people with SMI experience a disproportionate amount of preventable chronic 

conditions, compared to the general population. Improving access to outpatient services 

can help reduce preventable service use and improve health outcomes and quality of 

life (28). Our research contributes to the understanding of approaches that integrate 

general health services into community mental health settings. Findings can help inform 

states and organizations implementing similar integration strategies among SMI 

populations. Future research should elucidate the healthcare integration factors that 

most prominently influence service use and quality of care for SMI populations so as to 

establish best practices. 
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HH b

(N= 5,272)
Comparison

(N=1,623) 

 Standardized 
Difference in 

Means c 
HH

(N= 5,272)
Comparison

(N=1,623) 

 Standardized 
Difference in 

Means
Individual-Level Factors Mean Mean % Mean Mean %

Age 45.15 43.79  12.30** 45.15 45.36 1.90
Sex (Female) 0.58 0.58 0.50 0.58 0.59 1.60
Race

White 0.62 0.67 9.60** 0.62 0.62 0.70
 Black 0.10 0.07 9.10** 0.10 0.10 0.00
Other e 0.14 0.12 8.00** 0.14 0.14 0.10

Mental Illness
Mood Disorder 0.74 0.75 1.60 0.74 0.74 1.20
Schizophrenia 0.47 0.22 55.00** 0.47 0.48 1.10

Comorbidities 4.63 4.20 15.00** 4.63 4.66 1.10
Area-Level Factors f

Number of Mental Health Counselors 12.78 13.44 5.40 12.78 12.63 1.20
Number of Psychologists 14.57 13.66 5.10 14.57 14.91 1.90
Number of Psychiatrists 7.63 6.63 9.30** 7.63 7.43 1.90

Number of Primary Care Providers 38.94 37.31 4.40 38.94 38.78 0.40
Number of Physician Assistants 13.96 12.93 6.90** 13.96 13.84 0.80

Number of CMHC g 0.92 0.86 4.60 0.92 0.87 3.90
Number of FQHC h 0.96 0.86 11.30** 0.96 0.98 2.90

Median Household Income 47,560.00 49,522.00 11.20** 47,560.00 47,512.00 0.20
Percent Employed 88.03 88.00 0.30 88.03 87.98 0.40

Percent Non-Hispanic White 65.20 67.51 8.60** 65.20 64.81 1.50
Percent Non-Hispanic Black 7.51 6.94 9.40** 7.51 7.46 0.80

Percent Hispanic/Latino 18.71 17.02 8.60* 18.71 19.19 2.50
a Propensity score models also included  higher order terms and interactions
b HH, Health Homes 
c Standardized Differences: difference in means of HH and comparison group, divided by the standard deviation of HH
d Weighting by the Odds: Intervention Group Weight=1; Control Group Weight= propensity score/1-propensity score 
e Other:  American Indian or Alaska Native, Asian Pacific Islander Hawaiian Native, Spanish Surname
f ZCTA: Zip Code Tabulation Areas
g CMHC: Community Mental Health Center
h FQHC: Federally Qualified Health Center

* 0.05> p >0.01

** p<0.01

Table 1.Characteristics of health home participants and a comparison group by variables used in developing 
propensity score a 

Before Weighting After Weighting d 
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Pre-period e Post-period f
Pre-post 

difference g Pre-period Post-period
Pre-post 

difference DD 95% CI
Outpatient Services

Overall 85.10 86.54 1.45 84.92 87.23 2.31 -0.86 -3.94 to 2.22
Physical Health Conditions h

COPD i 12.98 13.30 0.32 12.89 10.84 -2.05 2.37* 0.89 to 4.94
Cardiovascular Disease 11.40 11.82 0.42 11.30 13.27 1.97 -1.55  -4.07 to 0.96

Diabetes 13.55 14.72 1.17 12.52 14.86 2.34 -1.17 -3.18 to 0.83
Hypertension 15.44 16.78 1.35 15.31 14.63 -0.68 2.03 -0.57 to 4.62

Obesity 2.49 2.41 -0.08 2.56 2.22 -0.34 0.27 -1.02 to 1.56
a Outcomes are dichotomized, 1=one or more  visits; 0=no visits     
b Models weighting by the odds: HH Group Weight=1; Comparison Group Weight= propensity score/1-propensity score 

d HH: Health Home
e Pre-period: 12-months before Health Home started
f Post-period: 12-months after Health Home started
g Pre-Post Difference: Post-period - Pre-period
h Each physical health condition served as the primary diagnosis for the outpatient encounter
i   COPD: Chronic Obstructive Pulmonary Disorder

* .05> p >0.01

** p<.01

Table 2. Difference-in-differences (DD) analysis of outpatient service use among individuals enrolled in health homes and a comparison 
group a,b,c

HH d Comparison

c Models adjusted for individual and ZCTA-level covariates. Individual-level covariate include: age, sex, race, mood disorders, schizophrenia, comorbidities; 
ZCTA-level covariates include: median household income, % employed, % non-Hispanic white, % non-Hispanic black, % Hispanic, number of psychiatrist, 
number of psychologist, number of clinical social workers, number of mental health counselors, number of psychiatric nurses, number of primary care 
providers, number of physician assistants, number of CMHC number of FQHC     
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Pre-period e Post-period f
Pre-post 

difference g Pre-period Post-period
Pre-post 

difference DD 95% CI
Outpatient Services

Overall 796.26 852.26 55.99 827.09 808.33 -18.76 74.75** 31.08 to 118.42
Physical Health Conditions 

COPD i 261.36 261.80 0.44 269.57 284.00 14.43 -13.99 -76.15 to 48.17
Cardiovascular Disease 232.51 237.55 5.04 236.93 221.48 -15.45 20.49 -44.33 to 85.32

Diabetes 360.34 365.52 5.18 311.01 354.52 43.52 -38.34 -101.55 to 24.88
Hypertension 239.13 223.95 -15.18 229.50 227.96 -1.54 -13.63 -54.49 to 27.22

Obesity 222.73 187.07 -35.66 194.75 112.72 -82.03 46.36 -38.61 to 131.33
a Outcomes are count variables and only include cases ≥ one visit
b Models weighting by the odds: HH Group Weight=1; Comparison Group Weight= propensity score/1-propensity score 

d HH: Health Home
e Pre-period: 12-months before Health Home started
f Post-period: 12-months after Health Home started
g Pre-Post Difference: Post-period - Pre-period
h Each physical health condition served as the primary diagnosis for the outpatient encounter
i   COPD: Chronic Obstructive Pulmonary Disorder

* .05> p >0.01

** p<.01

Table 3. Difference-in-differences (DD) analysis of visit counts per 100 person-years for outpatient services among individuals enrolled in 
health homes and a comparison group a,b,c

HH d Comparison

c Models adjusted for individual and ZCTA-level covariates. Individual-level covariate include: age, sex, race, mood disorders, schizophrenia, comorbidities; 
ZCTA-level covariates include: median household income, % employed, % non-Hispanic white, % non-Hispanic black, % Hispanic, number of psychiatrist, 
number of psychologist, number of clinical social workers, number of mental health counselors, number of psychiatric nurses, number of primary care 
providers, number of physician assistants, number of CMCH number of FQHC     
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C. First sensitivity test: Secondary comparison group  

Pre-period e Post-period f
Pre-post 

difference g Pre-period Post-period
Pre-post 

difference DD 95% CI
Outpatient Services

Overall 84.91 86.35 1.44 85.40 84.05 -1.34 2.78* 0.32 to 5.25
Physical Health Conditions 

Chronic Obstructive 
Pulmonary Disorder 12.79 13.09 0.30 12.81 12.21 -0.60 0.89  -1.14 to 2.93

Cardiovascular Disease 11.29 11.65 0.35 10.18 8.71 -1.47 1.82  -0.26 to 3.90
Diabetes 13.42 14.56 1.14 13.30 12.35 -0.95 2.09* 0.02 to 4.17

Hypertension 15.35 16.72 1.37 15.25 13.76 -1.49 2.85* 0 .84 to 4.86
Obesity 2.46 2.39 -0.07 2.46 1.91 -0.54 0.47 -0.43 to 1.37

a Outcomes are dichotomized, 1=one or more  visits; 0=no visits     
b Models weighting by the odds: HH Group Weight=1; Comparison Group Weight= propensity score/1-propensity score 

d HH: Health Home
e Pre-period: 12-months before Health Home started
f Post-period: 12-months after Health Home started
g Pre-Post Difference: Post-period - Pre-period
h Each physical health condition served as the primary diagnosis for the outpatient encounter
i   COPD: Chronic Obstructive Pulmonary Disorder

* .05> p >0.01
** p<.01

Table 1. Difference-in-differences (DD) analysis of outpatient service use among individuals enrolled in health homes and a secondary 
comparison group a,b,c

HH d Comparison

c Models adjusted for individual and ZCTA-level covariates. Individual-level covariate include: age, sex, race, mood disorders, schizophrenia, comorbidities;  
ZCTA-level covariates include: median household income, % employed, % non-Hispanic white, % non-Hispanic black, % Hispanic, number of psychiatrist, 
number of psychologist, number of clinical social workers, number of mental health counselors, number of psychiatric nurses, number of primary care 
providers, number of physician assistants, number of CMHC number of FQHC     
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C. First sensitivity test: Secondary comparison group  

Pre-period e Post-period f
Pre-post 

difference g Pre-period Post-period
Pre-post 

difference DD 95% CI
Outpatient Services

Overall 788.13 843.09 54.96 857.71 849.92 -7.79 62.74*  24.03 to 101.44
Physical Health Conditions 

Chronic Obstructive 
Pulmonary Disorder 259.85 261.51 1.66 264.29 274.41 10.11 -8.45 -54.65 to 37.76

Cardiovascular Disease 232.88 233.67 0.79 251.83 290.29 38.46 -37.67  -98.01 to 22.68
Diabetes 353.76 362.00 8.24 358.69 382.48 23.79 -15.56  -65.83 to 34.72

Hypertension 237.74 219.87 -17.86 213.05 228.30 15.25 -33.11 -70.27 to 4.04
Obesity 221.18 182.11 -39.07 132.49 143.11 10.62 -49.68  -108.61 to 9.25

a Outcomes are count variables and only include cases ≥ one visit
b Models weighting by the odds: HH Group Weight=1; Comparison Group Weight= propensity score/1-propensity score 

d HH: Health Home
e Pre-period: 12-months before Health Home started
f Post-period: 12-months after Health Home started
g Pre-Post Difference: Post-period - Pre-period
h Each physical health condition served as the primary diagnosis for the outpatient encounter
i   COPD: Chronic Obstructive Pulmonary Disorder

* .05> p >0.01
** p<.01

c Models adjusted for individual and ZCTA-level covariates. Individual-level covariate include: age, sex, race, mood disorders, schizophrenia, comorbidities;  
ZCTA-level covariates include: median household income, % employed, % non-Hispanic white, % non-Hispanic black, % Hispanic, number of psychiatrist, 
number of psychologist, number of clinical social workers, number of mental health counselors, number of psychiatric nurses, number of primary care 
providers, number of physician assistants, number of CMCH number of FQHC     

Table 2. Difference-in-differences (DD) analysis of visit counts per 100 person-years for outpatient services among individuals enrolled in 
health homes and a secondary comparison group a,b,c

HH d Comparison
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Introduction 

Individuals with Serious Mental Illness (SMI) are predisposed to higher rates of 

morbidity and mortality than the general population (1,2,3,4). Preventable chronic 

comorbidities such as cardiovascular disease, diabetes and respiratory illness account 

for a large proportion of the health disparity (1,2,3,4). Despite the elevated incidence 

and prevalence of chronic conditions, individuals with SMI are less likely to utilize 

preventative and general health services (3). Not employing timely care can exacerbate 

health conditions and result in preventable hospitalizations or emergency department 

(ED) use (5,6,7).       

 

Individuals with SMI use ED and inpatient services at higher rates than individuals 

without a mental illness (1,4). Mental disorders, either as a primary or secondary 

diagnosis, accounted for 21.2% of all hospitalizations in the United States (8). Mood and 

schizophrenia disorders are the most common primary diagnoses among adults 18 

years and older who are hospitalized with a mental illness (8). ED visits associated with 

a mental illness accounted for 8.0% of all visits to the ED (9). Of these visits, mood 

disorders are the most commonly encountered conditions (9).  

 

Given the health disparities experienced by individuals with SMI, obtaining adequate 

healthcare may help to prevent or alleviate costly service use. However, there is 

evidence that suggests people with SMI are less likely to receive quality care, such as 

guideline concordant services for cardiovascular disease and diabetes (5). Primary care 

providers have also been found to misperceive the physical symptoms of SMI patients 
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as psychosomatic, which may delay appropriate treatment (5). Poor quality care in 

conjunction with a fragmented healthcare system place individuals with SMI at risk of 

inferior health and premature death (10). Integrated healthcare has been shown to 

improve quality of care, health outcomes, and reduce hospitalizations and ED use (11). 

However, limited research extends to populations with SMI. Even fewer consider mental 

health settings as the primary coordinating site (10,11).   

 

Section 2703 of the Affordable Care Act provides funds for the development of Health 

Home programs, which aim to provide coordinated and integrated healthcare services 

to populations with chronic health conditions, such as SMI (2,10,11). Rhode Island was 

an early adopter of Health Home, which developed a comprehensive care coordination 

program that integrated general health services within community mental health center’s 

(CMHC) for populations with SMI. The purpose of this article is to determine the extent 

to which Health Home impacted ED and hospital use among individuals with SMI. We 

hypothesize individuals enrolled in Health Home will have fewer hospitalizations and ED 

visits than the comparison group not enrolled in Health Home.     

 

Methods 

Intervention  

Health Home took place from October 1, 2011 until October 1, 2013 under the 

supervision of Rhode Island’s Department of Behavioral Health Developmental 

Disabilities and Hospitals (BHDDH). Medicaid beneficiaries with SMI who received 

BHDDH services were automatically enrolled into Health Home. Persons not interested 
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in participating could opt-out and receive services as usual. During an individual’s first 

CMHC encounter, a clinical evaluation was conducted to determine if they possessed a 

SMI diagnosis. Participants of Health Home met the following eligibility criteria: 1) had a 

severe and/or persistent mental or emotional disorder but for whom long-term 24-hour 

care could be averted; and 2) had impaired role functioning; or underwent psychiatric 

treatment more intensive than outpatient care more than once in a lifetime; or 

experienced a single episode of continuous, structured supportive residential care other 

than hospitalization for a duration of at least two months. Enrollees also met at least two 

of the following criteria, on a continuing or intermittent basis for at least two years: 1) if 

employed, was employed in a sheltered setting, or had markedly limited skills or a poor 

work history; 2) required public financial assistance for out-of-hospital maintenance and 

was unable to procure assistance without help; 3) showed an inability to establish or 

maintain a social support system; 4) required help in basic living skills; 5) exhibited 

inappropriate social behavior which resulted in mental health and/or judicial system 

intervention. 

 

Upon enrollment, each Health Home participant received a comprehensive 

biopsychosocial evaluation that resulted in an individualized treatment plan. A care 

manager, designated as the Health Home team leader, was responsible for coordinating 

and implementing the treatment plans. Each participant received care from a 

multidisciplinary team of health professionals. Health Home provided integrated 

behavioral and primary care through comprehensive case management, care 

coordination, health promotion services, transitional care, individual and family support 
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services and referrals to community and social support services. Nine CMHCs across 

the state of Rhode Island participated in the Health Home program.       

 

Study Population 

The intervention group consisted of Medicaid beneficiaries who were between 18 to 64 

years of age, who were automatically enrolled into Health Home. Individuals included in 

our analytic sample were consistently eligible and enrolled in Medicaid throughout the 

evaluation period (2009-2012).  

 

The comparison group consisted of Medicaid beneficiaries between the ages of 18 to 64 

who did not enroll in Health Home but received services through BHDDH. Individuals 

were consistently eligible and enrolled in Medicaid throughout the evaluation period 

(2009-2012). This comparison group accounts for secular trends not associated with 

Health Home that may otherwise confound study effects. Additionally, this group 

provides the estimates of what would have happen if those enrolled in Health Home did 

not participate. We used propensity score weights to ensure the comparison group was 

similar to those who participated in Health Homes on observable baseline 

characteristics. A designation of SMI was determined using Medicaid claims data and 

an International Classification of Diseases, 9th revision (ICD-9) algorithm (18). ICD-9 

codes were truncated to the first three digits due to the potential inconsistency in the 

last two digits. A schizophrenia disorder diagnosis was defined as having at least one 

inpatient or two outpatient visits classified with the ICD-9 code 295. A mood disorder 
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diagnosis was defined as having at least one inpatient or two outpatient visits classified 

with the ICD-9 code 296.   

 

 

Data Source 

The study used Medicaid eligibility files and fee-for-service claims for the period 2009 

through 2012.  The American Community Survey (ACS) and the Rhode Island 

Department of Health (RIDH) Licensee Lists were also used. Claims provided 

demographic and utilization data on adult Medicaid beneficiaries prior to and following 

the implementation of Health Home. ACS was used to obtain Zip Code Tabulation Area 

(ZCTA)-level factors while the RIDH licensee lists supplied the number of health 

providers. This study was approved by the Brown University Office of Research 

Integrity.  

 

Outcome Variables 

Our primary outcomes consisted of hospital and ED use. We evaluated the impact of 

Health Home on having a visit and number of visits (service use intensity) for individuals 

with at least one visit. Hospital use was divided into four categories: all-cause, visits 

associated with a primary mental illness (MI) diagnosis (ICD-9 codes: 295-302, 306-

314), visits not associated with a MI diagnosis (non-MI), and preventable. Preventable 

hospitalizations were those associated with an Ambulatory Care Sensitive Condition 

(ACSC). We used an algorithm developed by the Agency for Healthcare Research and 

Quality to identify ACSC events in administrative data (12). Composite measures were 
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used to assess acute, chronic, and overall ACSC hospitalizations. Acute conditions 

consisted of dehydration, bacterial pneumonia and urinary tract infection. Chronic 

conditions included diabetes (uncontrolled; short and long term complications), chronic 

obstructive pulmonary disease, asthma, hypertension, congestive heart failure, angina 

without procedure, and lower extremity amputation among patients with diabetes. 

Overall ACSC hospitalization reflected having an acute or chronic condition. All-cause, 

MI, and non-MI hospitalizations were treated as dichotomous and count variables. 

Preventable hospitalization outcomes were treated as dichotomous variables.  

 

Similar to hospital use, ED visits were divided into four categories consisting of all-

cause, primary MI diagnosis, non-MI, and preventable. We used the same ICD-9 codes 

to identify a primary diagnosis of MI and the same ACSC algorithms as those for our 

preventable hospitalization outcomes. All-cause, MI, and non-MI ED use were treated 

as dichotomous and count variables. Preventable ED use outcomes were treated as 

dichotomous variables.   

 

 

Independent Variables  

The primary factor of interest was an interaction term composed of indicators for Health 

Home participation and post-Health Home period. To minimize confounding we included 

both individual and ZCTA-level variables in our regression models. Individual-level 

factors included: age, sex, race (White, Black, Other), number of comorbidities using the 

Elixhauser comorbidity index, mood disorder, and schizophrenia disorder. ZCTA-level 
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factors included: median household income, percent employed, percent non-Hispanic 

White, percent non-Hispanic Black, percent Hispanic, number of psychiatrist, number of 

psychologist, number of clinical social workers, number of mental health counselors, 

number of psychiatric nurses, number of primary care providers, number of physician 

assistants, number of CMHCs, and number of federally qualified health centers.  

 

Statistical Analysis 

We used a difference-in-differences (DD) approach to estimate the extent to which 

Health Home impacted hospital and ED use. Our analyses included one pre-period (12-

months prior to Health Home onset) and one post-period (12-months post Health Home 

onset). To obtain valid results from the DD approach, intervention and comparison 

groups must possess parallel trends in the pre-period (13). That is to say, in the 

absence of Health Home, hospital and ED use would have changed at similar rates for 

both Health Home and comparison groups. Though this cannot be directly proven, we 

checked the validity of the parallel trends assumption using Medicaid claims from 2009-

2010 (Appendix A. Figures 1-12). DD is the average difference in health service use for 

Health Home participants minus the average difference in health service use for the 

comparison group. Any remaining differences in health service use can be attributed to 

the intervention. In a regression framework, the interaction between indictor variables, 

Health Home participation and post-Health Home period, yield our DD estimate.  

 

For each dichotomous outcome, we estimated a multivariable logistic regression model 

with a logit link function with robust standard errors clustered at the individual level. For 
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each count outcome, a multivariable model was estimated with a negative binomial 

distribution and a log link function with robust standard errors clustered at the individual 

level. We used generalized estimating equations with an autoregressive correlation 

structure to account for the clustering of repeated individual observations over time. To 

obtain the desired interpretation of the interaction term in our non-linear models we 

used the predictive margins method to predict health service use for treatment and 

control groups in the pre- and post-Health Home periods. All regression models were 

adjusted for individual- and ZCTA-level factors.          

 

Propensity score weights were used in combination with a DD approach to minimize 

bias and maximize comparability between groups on baseline characteristics. A logistic 

regression model, with Health Home participation as the outcome, was used to estimate 

the propensity score. Models were specified with individual- and ZCTA-level variables 

as well as pre-period outcomes and pre-period outcome trends. We assessed balance 

empirically and graphically. Balance was achieved once the absolute percent 

standardized differences in means were ≤10% (22). To estimate the average treatment 

effect on the treated we weighted by the odds of the propensity score (23, 24). Health 

Home participants were given a weight of 1 while individuals in the comparison group 

received a weight of pi / (1- pi) where pi represents the estimated propensity score for an 

individual. Using this weighting scheme allows comparisons who are similar to the 

intervention participants to be weighted higher than those who are dissimilar, which are 

weighted down (24).    

 



45 
 

Subgroup analyses were conducted to assess the association of Health Home on 

hospital and ED use for Blacks, Hispanics, and those with a schizophrenia disorder. To 

evaluate the robustness of our findings we conducted two sensitivity analyses. First, we 

reran our analyses (Appendix C. Table1-3) with an alternate comparison group 

consisting of Medicaid beneficiaries between the ages of 18 to 64 with SMI who did not 

receive BHDDH services or participated in Health Home. Similar to our main analyses, 

we constructed propensity score weights for all outcomes and validated the DD parallel 

trends assumption (Appendix B. Figures 1-12).  Second, we conducted a DD analyses 

on an outcome not intended to be affected by Health Home, eye exams (Appendix D. 

Figure 1).  

 

Results 

Before weighting, there were significant differences between Health Home and 

comparison groups on baseline factors (Table 1). Percent standardized difference in 

means ranged from 0.30% to 55.00%. Notable differences between groups were age, 

having a schizophrenia disorder, number of FQHC’s, and median household income. 

After weighting, there were no significant differences between groups. All baseline 

characteristics were below the 10% criteria for balance. Percent standardized difference 

in means ranged between 0.00% and 2.90%. The average age among groups was 

approximately 45, a larger proportion were female than male, of White race, had a 

mood disorder, and experienced an average greater than four comorbidities. 
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Table 2 shows our adjusted and weighted DD results for our evaluation of Health Home 

impact on hospitalization and ED use. Relative to the comparison group, there was a 

significant increase the proportion of Health Home participants having at least one 

hospitalization for a primary MI diagnosis, 4.56 percentage-points (95% CI: 1.64 to 

7.48). Our findings suggest no differences existed between groups on having an all-

cause or non-MI hospitalization. There were non-significant difference in the proportion 

of Health Home participants obtaining at least one ED visit for all-cause, non-MI, and 

MI. Similar to our main analyses results, sensitivity analyses (Appendix C. Table 1) 

findings suggest, relative to the alternate comparison group, Health Home was 

associated with a significant increase in the proportion having at least one 

hospitalization for a primary MI diagnosis (p<0.05).  

 

Among individuals having ≥1 ED visits, service use intensity increased for some of our 

outcomes (Table 3). The number of all-cause ED visits for Health Home participants 

increased from 420.74/100 person-years in the pre-period to 465.74/100 person-years 

in the post-period. Among the comparison group, during the same time-period, the 

number of all-cause ED visits decreased from 378.66/100 person-years to 370.13/100 

person-years, yielding an adjusted and weighted DD of 53.55 visits per 100 person-

years (95% CI: 3.39 to 103.65). Similarly, Health Home was associated with an increase 

in non-MI ED visits (p<0.05), from pre- to post-periods, relative to the comparison. 

Participants of Health Home also experienced a non-significant decrease in ED visits 

associated with a primary MI diagnosis. There were no differences between Health 
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Home and comparison groups on number of visits for all-cause, non-MI, and MI 

hospitalizations.  

 

Table 4 shows results from our analysis of Health Home’s impact on ACSC 

hospitalizations and ED use. Our findings suggest, relative to the comparison group, 

Health Home participation was associated with a decrease in the proportion having at 

least one acute ACSC hospitalization, -1.69 percentage-points (95%CI: -2.81 to -0.57). 

There were no differences between groups on having at least one overall or chronic 

ACSC hospitalization. Similarly, there were no differences between Health Home and 

comparison groups on having an overall, acute, or chronic ACSC ED visit.         

 

In our subgroup analyses (Table 5) we found over and above the interaction between 

Health Home and post-period, Black participants had a significant decrease in the 

proportion obtaining at least one non-MI hospitalization, -11.04 percentage-points (95% 

CI: -20.60 to -1.38). Though all non-significant, participation in Health Home among 

Black enrollees was associated with a decrease in 10 out of 11 outcomes (Table 5). 

Findings from our subgroup analyses also suggest, over and above the interaction 

between Health Home and post-period, participants with a schizophrenia disorder had a 

decrease in the proportion having at least one non-MI ED visit, -7.33 percentage-points 

(95% CI: -13.74 to -0.93). Health Home participation among individual with a 

schizophrenia diagnosis was associated with a decrease in 6 out of 11 outcomes 

(p>0.05).                
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Discussion 

An objective of Health Home was to reduce hospitalizations and ED use. We 

hypothesized Health Home participation would reduce ED and hospital use. Our 

evaluation yielded mixed results. Findings suggest Health Home was associated with a 

decrease in the proportion having an acute ACSC hospitalization. Among Black 

participants, Health Home was associated with a decrease in having a non-MI 

hospitalization. While Health Home participants with a schizophrenia diagnosis 

experienced a decrease in having a non-MI ED visit. Our findings also suggest Health 

Home was associated with an increase in the proportion having at least one 

hospitalization for a primary MI diagnosis. When looking at service use intensity, Health 

Home was associated with an increase in the number of all-cause and non-MI ED visits. 

 

A function of Health Home was to develop and implement individualized treatment 

plans. This emphasis may have contributed to the decreases in hospitalizations and ED 

use for Black and schizophrenic Health Home participants, respectively. Individual 

treatment plans were patient-centered, focused on a person’s holistic needs, and 

incorporated their treatment goals, and unique life circumstances. Among individuals 

with a schizophrenia disorder, individualized care that is patient-centered has been 

shown to positively influence their engagement in health and social services (14). This 

engagement can lead to reductions in ED use and hospitalizations (15,16). Findings 

from Berg and colleagues (15) showed a dose response among Medicaid beneficiaries 

with major depressive and schizophrenia disorders. Individuals were exposed to a 

disease management intervention that was patient-centered and included an 
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individualized treatment plan. Researchers evaluated the extent to which treatment plan 

related contacts impacted health service use. Engaging in a higher number of contacts 

was associated with a significant reduction in all-cause hospitalizations and ED use 

(15). The reduction in service use occurred sooner for individuals with major depressive 

disorder who engaged in fewer contacts. Among individuals with schizophrenia 

disorder, a larger number of contacts were needed to see a significant decrease in 

service use. This was especially true for ED use, where the odds of use were higher at 

lower contact levels. Findings from Berg and colleagues suggest greater engagement in 

patient-centered individualized treatment can decrease hospitalizations and ED use. It 

also alludes to the differences in service need between those with major depressive and 

schizophrenia disorders. 

  

Our results also suggested Health Home was associated with a decrease in acute 

ACSC hospitalizations. This finding may be attributed to Health Home expanding 

access to physical health services and health promotion services. ACSC are ailments 

that can be addressed with timely outpatient care (7). Individuals with SMI may be at 

increased risk of ACSC hospitalizations due to inadequate access to and use of 

physical health services (7). Findings from Rosano and colleagues (17) suggest access 

to primary care, among vulnerable populations, can lead to lower rates of ACSC 

hospitalization. Major drivers of this reduction are provider supply and continuity of care 

(18).       
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Our finding concerning ED service use intensity may be indicative of barriers to 

outpatient services. Reasons for accessing ED services oppose to a primary care 

setting include long wait-times, crowded waiting rooms, and limited hours of operation 

(19). These barriers may prove more difficult for populations with MI as they experience 

cognitive impairment, disorganized thinking, and lack motivation (1). Consequently, the 

ED may be perceived as a logical alternative to outpatient services. Work by Cheung 

and colleagues (20) show a positive relationship between the number of barriers 

experienced in accessing primary care and the likelihood of using the ED. Many of the 

conditions being treated within the ED could be adequately addressed or prevented by 

timely use of outpatient services (21). Even if individuals with SMI are able to access 

outpatient services there is evidence that suggests informative materials for populations 

with MI may be written at levels that far exceed their literacy capabilities (22, 23), which 

may influence treatment non-adherence (24), lead to further health impairment (25) and 

result in ED use (26).     

    

Low health literacy may also contribute to our findings of increase service use intensity 

for all-cause and non-MI ED. Health literacy is defined as the ability to obtain and 

understand health-related information to make a health decision (27). There is an 

inverse relationship between health literacy and ED use. In a study conducted within an 

urban academic ED setting, researcher evaluated the impact of health literacy on ED 

utilization (26). Using the Short Test of Functional Health Literacy (scores rang 0 to 36) 

to distinguish between inadequate (scores 0-16), marginal (scores 17-22) and adequate 

(scores >22) health literacy levels, Griffey and colleagues (26) found inadequate health 
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literacy had higher ED utilization, relative to those with adequate health literacy. The low 

literacy population was also more likely to return to the ED within seven days (26). 

Individuals with MI have been found to have low literacy levels (22,28).In a nationally 

representative sample of individual with self-reported MI, researchers found a strong 

relationship between lower literacy levels and MI, even after adjusting for factors 

associated with low literacy (i.e. education, poverty, and race/ethnicity) (29). Despite 

Health Home participant’s receiving individualized treatment plans, enhanced care 

coordination and increased access to general health services, they may experience 

difficulties understanding and applying newly acquired information.   

 

Our finding of Health Home participants having at least one hospitalization for a primary 

MI diagnosis may be attributed to health provider’s referral patterns. Some general 

health providers may have experience working with SMI populations and able to 

recognize the symptoms associated with a psychotic crisis and correctly hospitalize 

patients. Other general health providers may have consulted with a mental health 

clinician and admitted patients based on the information exchange. Conversely, an 

inexperienced health provider may be risk-adverse and hospitalize patient’s when they 

exhibit symptoms not typically encountered (30). There is evidence that suggests 

primary care providers may attribute symptoms of physical illness to mental health when 

evaluating patients with MI (31).       

 

We did not find a differential effect between Health Home and comparison group on a 

majority of the utilization outcomes. Given the medical complexity of Health Home 
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participants and the nature of the outcomes under examination, it may take a longer 

follow-up period to see changes between groups.  Another potential reason for our null 

findings is that Health Home was predominately focused on increasing access to 

general health services. This emphasis may have distracted from other activities 

intended to improve hospitalizations and ED use.      

  

Our evaluation had several limitations. One, Health Home was not a randomized control 

trial and may be subject to selection bias. To address this potential bias we used 

propensity score weights to balance Health Home and comparison groups on 

observable baseline factors. In addition, we satisfied the parallel trend assumption, 

which allows our comparison group to serve as the counterfactual. Two, we were 

unable to account for factors that may have occurred concurrently as Health Home and 

differentially affected outcomes for Health Home and comparison groups. Three, our 

findings may not be generalizable to other SMI populations residing in different states. 

Nonetheless, it can provide insight on a behavioral health based integration strategy 

that targeted individuals with SMI and was implemented in a real world setting. 

 

Our study also possesses several strengths. We used methods that simulated an 

experimental design and allowed for causal inferences. By using propensity score 

weights we addressed selection bias and made those who did and did not participate in 

Health Home similar on observable baseline factors. Regression models were adjusted 

for all variables used to specify the propensity scores. Employing this approach allows 

us to address residual covariate imbalance between health Home and comparison 
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groups. In using a DD approach we can account for confounding secular trends that 

may have otherwise obscured the true effects of Health Home. Medicaid data were 

available for two years prior to Health Home onset, which allowed the validation of the 

DD parallel trends assumption.  

 

Conclusion 

Our findings suggest Health Home can decrease ED and hospital use for specific 

groups. Results can inform the development of interventions that target sub-groups that 

possess SMI. Our work contributes to the growing body of literature on behavioral 

based integration for populations with SMI. Better understand of these strategies can 

lead to the development of best practices and wide spread implementation.  

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



54 
 

References 
 
 

1. Viron MJ, Stern TA. The impact of serious mental illness on health and healthcare. 
Psychosomatics. 2010;51(6):458-65. Epub 2010/11/06. doi: 
10.1176/appi.psy.51.6.458. PubMed PMID: 21051676. 
 

2. Viron, M., Zioto, K., Schweitzer, J., & Levine, G. (2014). Behavioral Health Homes: 
An opportunity to address healthcare inequities in people with serious mental 
illness. Asian journal of psychiatry, 10, 10-16. 

 
3. Janssen, E. M., McGinty, E. E., Azrin, S. T., Juliano-Bult, D., & Daumit, G. L. (2015). 

Review of the evidence: prevalence of medical conditions in the United States 
population with serious mental illness. General hospital psychiatry, 37(3), 199-222. 

 
4. Goodell, S., Druss, B. G., Walker, E. R., & MAT, M. (2011). Mental disorders and 

medical comorbidity. The Synthesis Project. 
 

5. McGinty, E. E., Baller, J., Azrin, S. T., Juliano-Bult, D., & Daumit, G. L. (2015). 
Quality of medical care for persons with serious mental illness: a comprehensive 
review. Schizophrenia research, 165(2), 227-235. 

 
6. McGinty EE, Sridhara S. Potentially preventable medical hospitalizations among 

Maryland residents with mental illness, 2005-2010. Psychiatric services 
(Washington, DC). 2014;65(7):951-3. Epub 2015/06/04. doi: 
10.1176/appi.ps.201300323. PubMed PMID: 26037005. 

 
7. Cahoon EK, McGinty EE, Ford DE, Daumit GL. Schizophrenia and potentially 

preventable hospitalizations in the United States: a retrospective cross-sectional 
study. BMC psychiatry. 2013;13:37. Epub 2013/01/29. doi: 10.1186/1471-244x-13-
37. PubMed PMID: 23351438; PubMed Central PMCID: PMC3599909. 

 
8. Heslin, K., Elixhauser, A., & Steiner, C. (2015). Hospitalizations involving mental and 

substance use disorders among adults, 2012. HCUP Statistical Brief, 191. 
 

9. Owens, P. L., Mutter, R., & Stocks, C. (2006). Mental health and substance abuse-
related emergency department visits among adults, 2007: Statistical Brief# 92. 

 
10. Alakeson V, Frank RG, Katz RE. Specialty care medical homes for people with 

severe, persistent mental disorders. Health affairs (Project Hope). 2010;29(5):867-
73. Epub 2010/05/05. doi: 10.1377/hlthaff.2010.0080. PubMed PMID: 20439873. 

 
11. Gerrity, M., Zoller, E., Pinson, N., Pettinari, C., & King, V. (2014). Integrating Primary 

Care into Behavioral Health Settings: What Works for Individuals with Serious 
Mental Illness. New York, NY: Milbank Memorial Fund. Retrieved from:  



55 
 

http://www.milbank.org/uploads/documents/papers/Integrating-Primary-Care-
Report.pdfIndicators, 

 
12. A. Q. (2001). Guide to prevention quality indicators: Hospital admission for 

ambulatory care sensitive conditions. Department of Health and Human Services 
Agency for Healthcare Research and Quality. 

 
13. Angrist, J. D., & Pischke, J. S. (2008). Mostly harmless econometrics: An empiricist's 

companion. Princeton university press. 
 

14. Lucksted, A., Essock, S. M., Stevenson, J., Mendon, S. J., Nossel, I. R., Goldman, 
H. H., ... & Dixon, L. B. (2015). Client views of engagement in the RAISE Connection 
Program for early psychosis recovery. Psychiatric Services, 66(7), 699-704. 

 
15. Berg, G. D., Donnelly, S., Warnick, K., Medina, W., & Miller, M. (2014). Dose–

response effects for depression and Schizophrenia management on hospital 
utilization in Illinois Medicaid: a multivariate regression analysis. BMC health 
services research, 14(1), 288. 

 
16. Ritchie, C., Andersen, R., Eng, J., Garrigues, S. K., Intinarelli, G., Kao, H., ... & 

Tunick, E. (2016). Implementation of an interdisciplinary, team-based complex care 
support health care model at an academic medical center: impact on health care 
utilization and quality of life. PloS one, 11(2), e0148096. 

 
17. Rosano, A., Loha, C. A., Falvo, R., Van der Zee, J., Ricciardi, W., Guasticchi, G., & 

De Belvis, A. G. (2012). The relationship between avoidable hospitalization and 
accessibility to primary care: a systematic review. The European Journal of Public 
Health, 23(3), 356-360. 

 
18. van Loenen, T., van den Berg, M. J., Westert, G. P., & Faber, M. J. (2014). 

Organizational aspects of primary care related to avoidable hospitalization: a 
systematic review. Family practice, 31(5), 502-516. 

 
19. Rust, G., Ye, J., Baltrus, P., Daniels, E., Adesunloye, B., & Fryer, G. E. (2008). 

Practical barriers to timely primary care access: impact on adult use of emergency 
department services. Archives of internal medicine, 168(15), 1705-1710. 

 
20. Cheung, P. T., Wiler, J. L., & Ginde, A. A. (2011). Changes in barriers to primary 

care and emergency department utilization. Archives of internal medicine, 171(15), 
1393-1400. 

 
21. Uscher-Pines, L., Pines, J., Kellermann, A., Gillen, E., & Mehrotra, A. (2013). 

Emergency department visits for nonurgent conditions: systematic literature review. 
The American journal of managed care, 19(1), 47-59. 

http://www.milbank.org/uploads/documents/papers/Integrating-Primary-Care-Report.pdfIndicators
http://www.milbank.org/uploads/documents/papers/Integrating-Primary-Care-Report.pdfIndicators


56 
 

 
22. Rubin DB. Using propensity scores to help design observational studies: application 

to the tobacco litigation. Health Services and Outcomes Research Methodology. 
2001;2(3-4):169-88. 

 
23. Hirano, K., Imbens, G. W., & Ridder, G. (2003). Efficient estimation of average 

treatment effects using the estimated propensity score. Econometrica, 71(4), 1161-
1189. 

 
24. Harder VS, Stuart EA, Anthony JC. Propensity score techniques and the 

assessment of measured covariate balance to test causal associations in 
psychological research. Psychological methods. 2010;15(3):234-49. Epub 
2010/09/09. doi: 10.1037/a0019623. PubMed PMID: 20822250; PubMed Central 
PMCID: PMC2936698. 

 
25. Christopher, P. P., Foti, M. E., Roy-Bujnowski, K., & Appelbaum, P. S. (2007). 

Consent form readability and educational levels of potential participants in mental 
health research. Psychiatric Services, 58(2), 227-232. 

 
26. Gralton, E., Sher, M., & Lopez, C. D. (2010). Information and readability issues for 

psychiatric patients: e-learning for users. The Psychiatrist, 34(9), 376-380. 
 

27. Martin, L. R., Williams, S. L., Haskard, K. B., & DiMatteo, M. R. (2005). The 
challenge of patient adherence. Therapeutics and clinical risk management, 1(3), 
189. 

 
28. Wallace, L. (2006). Patients’ health literacy skills: the missing demographic variable 

in primary care research. The Annals of Family Medicine, 4(1), 85-86. 
 

29. Griffey, R. T., Kennedy, S. K., McGownan, L., Goodman, M., & Kaphingst, K. A. 
(2014). Is low health literacy associated with increased emergency department 
utilization and recidivism?. Academic Emergency Medicine, 21(10), 1109-1115. 

 
30. Kindig, D. A., Panzer, A. M., & Nielsen-Bohlman, L. (Eds.). (2004). Health literacy: a 

prescription to end confusion. National Academies Press. 
 

31. Grace, G. D., & Christensen, R. C. (1998). Literacy and mental health care. 
 

32. Sentell, T. L., & Shumway, M. A. (2003). Low literacy and mental illness in a 
nationally representative sample. The Journal of nervous and mental disease, 
191(8), 549-552. 

 



57 
 

33. Sansone, R. A., Forbis, J. S., & Sosa, T. (2011). Primary care perspectives on 
treating bipolar disorder: a cross-sectional survey. The primary care companion to 
CNS disorders, 13(2). 

 
34. Nash, M. (2013). Diagnostic overshadowing: a potential barrier to physical health 

care for mental health service users. Mental Health Practice, 17(4), 22-26. 
 

35. Substance Abuse and Mental Health Services Administration. Behavioral Health 
Barometer: Rhode Island, 2015. HHS Publication No. SMA–16–Baro–2015–RI. 
Rockville, MD: Substance Abuse and Mental Health Services Administration, 2015. 

 
 
 
 

 



58 
 

 
 
 
 
 
 
 
 
 
 
 

HH b

(N= 5,272)
Comparison

(N=1,623) 

 Standardized 
Difference in 

Means c 
HH

(N= 5,272)
Comparison

(N=1,623) 

 Standardized 
Difference in 

Means
Individual-Level Factors Mean Mean % Mean Mean %

Age 45.15 43.79  12.30** 45.15 45.36 1.90
Sex (Female) 0.58 0.58 0.50 0.58 0.59 1.60
Race

White 0.62 0.67 9.60** 0.62 0.62 0.70
 Black 0.10 0.07 9.10** 0.10 0.10 0.00
Other e 0.14 0.12 8.00** 0.14 0.14 0.10

Mental Illness
Mood Disorder 0.74 0.75 1.60 0.74 0.74 1.20
Schizophrenia 0.47 0.22 55.00** 0.47 0.48 1.10

Comorbidities 4.63 4.20 15.00** 4.63 4.66 1.10
Area-Level Factors f

Number of Mental Health Counselors 12.78 13.44 5.40 12.78 12.63 1.20
Number of Psychologists 14.57 13.66 5.10 14.57 14.91 1.90
Number of Psychiatrists 7.63 6.63 9.30** 7.63 7.43 1.90

Number of Primary Care Providers 38.94 37.31 4.40 38.94 38.78 0.40
Number of Physician Assistants 13.96 12.93 6.90** 13.96 13.84 0.80

Number of CMHC g 0.92 0.86 4.60 0.92 0.87 3.90
Number of FQHC h 0.96 0.86 11.30** 0.96 0.98 2.90

Median Household Income 47,560.00 49,522.00 11.20** 47,560.00 47,512.00 0.20
Percent Employed 88.03 88.00 0.30 88.03 87.98 0.40

Percent Non-Hispanic White 65.20 67.51 8.60** 65.20 64.81 1.50
Percent Non-Hispanic Black 7.51 6.94 9.40** 7.51 7.46 0.80

Percent Hispanic/Latino 18.71 17.02 8.60* 18.71 19.19 2.50
a Propensity score models also included  higher order terms and interactions
b HH, Health Homes 
c Standardized Differences: difference in means of HH and comparison group, divided by the standard deviation of HH
d Weighting by the Odds: Intervention Group Weight=1; Control Group Weight= propensity score/1-propensity score 
e Other:  American Indian or Alaska Native, Asian Pacific Islander Hawaiian Native, Spanish Surname
f ZCTA: Zip Code Tabulation Areas
g CMHC: Community Mental Health Center
h FQHC: Federally Qualified Health Center

* 0.05> p >0.01

** p<0.01

Table 1.Characteristics of health home participants and a comparison group by variables used in developing 
propensity score a 

Before Weighting After Weighting d 
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Pre-period e Post-period f
Pre-post 

difference g Pre-period Post-period
Pre-post 

difference DD 95% CI
At least one

Hospital
All-Cause 21.86 23.48 1.63 20.82 21.31 0.49 1.14 -2.18 to 4.45

Non-MI h 14.39 15.79 1.40 14.04 15.97 1.93 -0.52 -3.24 to 2.19
MI i 12.12 13.74 1.61 13.04 10.08 -2.95 4.56*  1.64 to 7.48

Emergency Department 
All-Cause 35.86 37.79 1.93 36.01 40.57 4.56 -2.64 -6.34 to 1.06

Non-MI 32.25 34.86 2.61 33.06 38.73 5.67 -3.06 -6.59 to 0.47
MI 10.17 9.64 -0.53 9.88 8.15 -1.73 1.20 -1.53 to 3.93

a Outcomes are dichotomized, 1=one or more  visits; 0=no visits     
b Models weighting by the odds: HH Group Weight=1; Comparison Group Weight= propensity score/1-propensity score 

d HH: Health Home
e Pre-period: 12-months before Health Home started
f Post-period: 12-months after Health Home started
g Pre-Post Difference: Post-period - Pre-period
hNon-MI: Visits not associated with primary mental illness diagnosis 
i MI: Visits associated with a primary mental illness diagnosis

* .05> p >0.01

** p<.01

Table 2. Difference-in-differences (DD) analysis of emergency department and hospital use among individuals enrolled in health homes and a 
comparison group a,b,c

HH d Comparison

c Models adjusted for individual and ZCTA-level covariates. Individual-level covariate include: age, sex, race, mood disorders, schizophrenia, comorbidities;  
ZCTA-level covariates include: median household income, % employed, % non-Hispanic white, % non-Hispanic black, % Hispanic, number of psychiatrist, 
number of psychologist, number of clinical social workers, number of mental health counselors, number of psychiatric nurses, number of primary care 
providers, number of physician assistants, number of CMHC number of FQHC     
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Pre-period e Post-period f
Pre-post 

difference g Pre-period Post-period
Pre-post 

difference DD 95% CI
Number of visits

Hospital
All-Cause 332.84 379.32 46.47 327.11 331.46 4.35 42.12 -37.24 to 121.49

Non-MI h 263.94 286.63 22.69 322.63 278.51 -44.11 66.80  -22.44 to 156.05
MI i 281.58 339.98 58.40 211.76 292.38 80.62 -22.22  -143.22 to 98.77

Emergency Department 
All-Cause 420.74 465.74 45.00 378.66 370.13 -8.53 53.52* 3.39 to 103.65

Non-MI 396.53 453.45 56.91 365.64 355.26 -10.37 67.28* 13.88 to 120.69
MI 229.07 251.76 22.69 176.88 224.31 47.43 -24.73  -99.62 to 50.15

a Outcomes are count variables and only include cases ≥ one visit
b Models weighting by the odds: HH Group Weight=1; Comparison Group Weight= propensity score/1-propensity score 

d HH: Health Home
e Pre-period: 12-months before Health Home started
f Post-period: 12-months after Health Home started
g Pre-Post Difference: Post-period - Pre-period
hNon-MI: Visits not associated with primary mental illness diagnosis 
i MI: Visits associated with a primary mental illness diagnosis

* .05> p >0.01

** p<.01

Table 3. Difference-in-differences (DD) analysis of visit counts per 100 person-years for emergency department and hospital use among 
individuals enrolled in health homes and a comparison group a,b,c

HH d Comparison

c Models adjusted for individual and ZCTA-level covariates. Individual-level covariate include: age, sex, race, mood disorders, schizophrenia, comorbidities;  
ZCTA-level covariates include: median household income, % employed, % non-Hispanic white, % non-Hispanic black, % Hispanic, number of psychiatrist, 
number of psychologist, number of clinical social workers, number of mental health counselors, number of psychiatric nurses, number of primary care 
providers, number of physician assistants, number of CMCH number of FQHC     
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Pre-period f Post-period g
Pre-post 

difference h Pre-period Post-period
Pre-post 

difference DD 95% CI
At least one

Hospital
Overall i 3.78 3.61 -0.17 3.83 4.30 0.47 -0.64  -3.20 to 1.92
Acute j 1.48 1.31 -0.17 1.02 2.54 1.52 -1.69*  -2.81 to -0.57

Chronick 2.55 2.55 0.00 2.73 2.18 -0.55 0.55  -1.05 to 2.15
Emergency Department 

Overall 3.71 4.26 0.55 3.97 4.51 0.54 0.02 -1.76 to 1.79
Acute 1.52 2.17 0.65 1.70 1.87 0.16 0.48  -0.57 to 1.53

Chronic 2.41 2.39 -0.02 2.43 3.33 0.90 -0.92 -2.24 to 0.40
a Outcomes are dichotomized, 1=one or more  visits; 0=no visits     
b Models weighting by the odds: HH Group Weight=1; Comparison Group Weight= propensity score/1-propensity score 

d ACSC: Ambulatory Care Sensitive Conditions 
e HH: Health Home 
f Pre-period: 12-months before Health Home started
g Post-period: 12-months after Health Home started
h Pre-Post Difference: Post-period - Pre-period
i Overall: having an acute or chronic ACSC
j Acute: Dehydration, bacterial pneumonia and urinary tract infection

* .05> p >0.01

** p<.01

k Chronic: Diabetes (uncontrolled; short and long term complications), chronic obstructive pulmonary disease, asthma, hypertension, 
congestive heart failure, angina without procedure, and lower extremity amputation among patients with diabetes

c Models adjusted for individual and ZCTA-level covariates. Individual-level covariate include: age, sex, race, mood disorders, schizophrenia, comorbidities;  
ZCTA-level covariates include: median household income, % employed, % non-Hispanic white, % non-Hispanic black, % Hispanic, number of psychiatrist, 
number of psychologist, number of clinical social workers, number of mental health counselors, number of psychiatric nurses, number of primary care 
providers, number of physician assistants, number of CMHC number of FQHC     

Table 4. Difference-in-differences (DD) analysis of ACSC emergency and hospital use among individuals enrolled in health homes and a 
comparison group a,b,c,d

HH e Comparison
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Appendix C. First sensitivity test: Secondary comparison population  

Pre-period e Post-period f
Pre-post 

difference g Pre-period Post-period
Pre-post 

difference DD 95% CI
At least one

Hospital
All-Cause 21.85 23.49 1.63 22.76 19.41 -3.35 4.98*  2.17 to 7.79

Non-MI h 14.39 15.79 1.40 14.68 13.12 -1.56 2.96 -0.025 to 5.34
MI i 12.14 13.26 1.12 13.43 8.30 -5.12 6.24**  3.50 to 8.97

Emergency Department 
All-Cause 35.86 37.79 1.94 36.48 36.89 0.41 1.52  -1.63 to 4.68

Non-MI 32.25 34.86 2.61 33.04 37.98 4.94 -2.33 -4.32 to 1.47
MI 10.17 9.64 -0.53 10.92 6.26 -4.66 4.12** 1.18 to 7.07

a Outcomes are dichotomized, 1=one or more  visits; 0=no visits     
b Models weighting by the odds: HH Group Weight=1; Comparison Group Weight= propensity score/1-propensity score 

d HH: Health Home
e Pre-period: 12-months before Health Home started
f Post-period: 12-months after Health Home started
g Pre-Post Difference: Post-period - Pre-period
hNon-MI: Visits not associated with primary mental illness diagnosis 
i MI: Visits associated with a primary mental illness diagnosis

* .05> p >0.01

** p<.01

HH d Comparison

c Models adjusted for individual and ZCTA-level covariates. Individual-level covariate include: age, sex, race, mood disorders, schizophrenia, comorbidities;  
ZCTA-level covariates include: median household income, % employed, % non-Hispanic white, % non-Hispanic black, % Hispanic, number of psychiatrist, 
number of psychologist, number of clinical social workers, number of mental health counselors, number of psychiatric nurses, number of primary care 
providers, number of physician assistants, number of CMHC number of FQHC     

Table 1. Difference-in-differences (DD) analysis of emergency department and hospital use among individuals enrolled in health homes and a 
secondary comparison group a,b,c
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Appendix C. First sensitivity test: Secondary comparison population  

Pre-period e Post-period f
Pre-post 

difference g Pre-period Post-period
Pre-post 

difference DD 95% CI
Number of visits

Hospitalizations
All-Cause 334.95 379.84 44.89 333.50 368.42 34.92 9.96  -57.18 to 77.10

Non-Psychiatric 263.94 286.63 22.69 285.37 235.47 -49.90 72.59 -17.23 to 161.38
Psychiatric 294.01 345.82 51.81 310.65 332.62 21.97 29.84  -68.99 to 128.66

ED Visits
All-Cause 417.70 462.63 44.93 378.42 434.27 55.85 -10.92  -67.14 to 45.31

Non-Psychiatric 396.53 453.45 56.91 343.78 409.87 66.09 -9.18 -62.12 to 80.3
Psychiatric 226.82 251.30 24.48 132.05 164.45 32.40 -7.92 -95.07 to 79.23

a Outcomes are dichotomized, 1=one or more  visits; 0=no visits     
b Models weighting by the odds: HH Group Weight=1; Comparison Group Weight= propensity score/1-propensity score 

d HH: Health Home
e Pre-period: 12-months before Health Home started
f Post-period: 12-months after Health Home started
g Pre-Post Difference: Post-period - Pre-period
hNon-MI: Visits not associated with primary mental illness diagnosis 
i MI: Visits associated with a primary mental illness diagnosis

* .05> p >0.01

** p<.01

HH d Comparison

c Models adjusted for individual and ZCTA-level covariates. Individual-level covariate include: age, sex, race, mood disorders, schizophrenia, comorbidities;  
ZCTA-level covariates include: median household income, % employed, % non-Hispanic white, % non-Hispanic black, % Hispanic, number of psychiatrist, 
number of psychologist, number of clinical social workers, number of mental health counselors, number of psychiatric nurses, number of primary care 
providers, number of physician assistants, number of CMHC number of FQHC     

Table 2. Difference-in-differences (DD) analysis of emergency department and hospital use among individuals enrolled in health homes and a 
secondary comparison group a,b,c
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Appendix C. First sensitivity test: Secondary comparison population  

Pre-period f Post-period g
Pre-post 

difference h Pre-period Post-period
Pre-post 

difference DD 95% CI
At least one

Hospital
Overall i 3.78 3.61 -0.17 3.33 2.79 -0.54 0.37 -0.89 to 1.63
Acute j 1.48 1.31 -0.17 1.29 1.32 0.03 -0.20  -1.05 to 0.65

Chronick 2.55 2.55 0.00 2.17 1.53 -0.64 0.64 -0.28 to 1.56
Emergency Department 

Overall 3.71 4.26 0.55 3.66 5.28 1.62 -1.07  -2.85 to 0.71
Acute 1.52 2.17 0.65 1.48 2.30 0.82 -0.17 -1.25 to 0.90

Chronic 2.41 2.39 -0.02 1.95 2.54 0.58 -0.60  -1.70 to 0.50
a Outcomes are dichotomized, 1=one or more  visits; 0=no visits     
b Models weighting by the odds: HH Group Weight=1; Comparison Group Weight= propensity score/1-propensity score 

d ACSC: Ambulatory Care Sensitive Conditions 
e HH: Health Home 
f Pre-period: 12-months before Health Home started
g Post-period: 12-months after Health Home started
h Pre-Post Difference: Post-period - Pre-period
i Overall: having an acute or chronic ACSC
j Acute: Dehydration, bacterial pneumonia and urinary tract infection

* .05> p >0.01

** p<.01

c Models adjusted for individual and ZCTA-level covariates. Individual-level covariate include: age, sex, race, mood disorders, schizophrenia, comorbidities;  
ZCTA-level covariates include: median household income, % employed, % non-Hispanic white, % non-Hispanic black, % Hispanic, number of psychiatrist, 
number of psychologist, number of clinical social workers, number of mental health counselors, number of psychiatric nurses, number of primary care 
providers, number of physician assistants, number of CMHC number of FQHC     

k Chronic: Diabetes (uncontrolled; short and long term complications), chronic obstructive pulmonary disease, asthma, hypertension, congestive heart failure,
angina without procedure, and lower extremity amputation among patients with diabetes

Table 3. Difference-in-differences (DD) analysis of ACSC emergency and hospital use among individuals enrolled in health homes and a secondary 
comparison group a,b,c,d

HH e Comparison



79 
 

 
 
 

 
 
 
 
 

0.0%

10.0%

20.0%

30.0%

40.0%

50.0%

60.0%

Pre-Period 1 Pre-Period 2 Baseline Post-Period 1

Appendix D.  Second Sensitivity Test: Alternative Outcome
Percent Eye Exams

Health Home and Comparison Groups 

Health Home

Comparison Group

DD=-2.30; p>0.05



80 
 

 
 
 

Chapter III 
  

Assessing the joint effects of Health Home and Integrated Care Setting on Health 
Service Use among Medicaid Beneficiaries with Serious Mental Illness 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 



81 
 

Introduction 

It is well documented that combining behavioral health and primary care services can 

yield high-quality, low-cost care (1). Most studies emphasize the placement of mental 

health services into primary care settings (2-4). Individuals with Serious Mental Illness 

(SMI) are not likely to participate in this form of service integration (5). Different 

strategies are needed to engage this population and address their high rates of 

morbidity and mortality (2,6-8). Little research addresses how to best integrate health 

services for individuals with SMI (3,4). Evidence suggests the introduction of general 

medical care into community mental health centers (CMHC), where individuals with SMI 

primarily seek care, can improve care quality and health outcomes (2-4,7,8).   

 

Most research assessing behavioral health based integration originates from the 

Veteran Affairs Medical Centers (VAMC) (3,4). In a randomized controlled trial (RCT) 

targeting individuals with bipolar disorder and cardiovascular risk factors, Kilbourne and 

colleagues (9) introduced a care manager intervention within a referral-based care 

model setting. Researchers found the intervention was associated with decreased 

systolic and diastolic blood pressure as well as reduced manic symptoms (9). In another 

RCT, VAMC researchers colocated primary care and case management services within 

a CMHC for veterans with SMI. Relative to the control group, individuals in the 

intervention were more likely to have made a primary care visit, obtain a greater number 

of primary care visits, and received guideline concordant preventative care (10).Though 

findings from these RCTs have been positive, they may not generalize to other health 

systems and populations.  
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Beyond research conducted at the VAMC, few empirical studies on behavioral health 

based integration exist in the peer-reviewed literature (3,4). Studies have employed 

different means of integrating health services into CMHC’s, such as introducing a 

general heath clinician or developing referral arrangements with primary care clinics 

(11).  Integration strategies such as Health Homes, which enhance care coordination, 

access to general health services, and wellness promotion, have been implemented 

within diverse practice structures (referral-based, colocated, and integrated care 

settings). To date, results from behavioral health based integration have been mixed 

(12-15).   

 

A  conceptual framework developed by the Center for Integrated Health Solutions (16), 

which builds on work from Doherty (17) and Blount (18), places integration on a 

continuum from no integration to full integration (Figure 1). Progression towards the 

right of the arrow indicates a higher-level of service integration, collaboration, and 

communication. A higher-level of integration will theoretically produce better health 

outcomes (16). Consequently, introducing an integration strategy within an existing 

integrated care setting, oppose to a referral-based setting, should yield superior results.  

However, there are no comparative effective studies to determine the best practice 

structure for the introduction of an integration strategy. The purpose of this study is to 

evaluate the extent to which an integrated care setting, implementing Health Home, 

impacts health service use among Medicaid beneficiaries with SMI. We hypothesize an 

integrated care setting that implements Health Home will increase use of outpatient 
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services, decrease hospitalizations and emergency department use, relative to the 

comparison group, a referral-based setting implementing Health Home.            

 

Methods  

Intervention  

Health Homes was implemented from October 1, 2011 until October 1, 2013 under the 

auspices of Rhode Island’s Department of Behavioral Health Developmental Disabilities 

and Hospitals (BHDDH). Individuals obtaining BHDDH services who were Medicaid 

beneficiaries with an SMI diagnosis (bipolar disorders, major depressive disorders, and 

schizophrenic disorders) were automatically enrolled into Health Home. Those not 

interesting in participating could opt-out and receive services as usual. SMI diagnoses 

were ascertained during a clinical evaluation at an individuals’ first CMHC encounter. 

Participants of Health Home met the following eligibility criteria: 1) had a severe and/or 

persistent mental or emotional disorder but for whom long-term 24-hour care could be 

averted; and 2) had impaired role functioning; or, underwent psychiatric treatment more 

intensive than outpatient care more than once in a lifetime; or, experienced a single 

episode of continuous, structured supportive residential care other than hospitalization 

for a duration of at least two months. Enrollees also met at least two of the following 

criteria, on a continuing or intermittent basis for at least two years: 1) if employed, was 

employed in a sheltered setting, or had markedly limited skills or a poor work history; 2) 

required public financial assistance for out-of-hospital maintenance and was unable to 

procure assistance without help; 3) showed an inability to establish or maintain a social 
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support system; 4) required help in basic living skills; 5) exhibited inappropriate social 

behavior which resulted in mental health and/or judicial system intervention. 

 

Upon enrollment, each Health Home participant received a comprehensive 

biopsychosocial evaluation, which resulted in an individualized treatment plan. A care 

manager, designated as the Health Home team leader, was responsible for coordinating 

and implementing the treatment plans. Each participant received care from a 

multidisciplinary team of health professionals. Health Home provided integrated 

behavioral and primary care services through comprehensive case management, care 

coordination, health promotion services, transitional care, individual and family support 

services and referrals to community and social support services. Nine CMHCs across 

the state of Rhode Island participated in the Health Home program.       

 

Study Population 

The intervention group consisted of Medicaid beneficiaries who were between 18 to 64 

years of age, who were enrolled in Health Home and obtained services from an 

Integrated Care Setting (ICS). ICS were CMHCs that provided both mental and general 

health services at the same site prior to the implementation of Health Home. Health 

Home encounter data was used to discern ICS. For the purpose of this study, we 

designated individuals to an ICS based on having greater than 50% of their Health 

Home services from that care setting. Individuals included in our analytic sample were 

eligible and consistently enrolled in Medicaid through the study period (2009-2012).   

 



85 
 

The comparison group consisted of Health Home participants between the ages of 18 to 

64 who received services from a referral-based care model setting. CMHC’s that 

provided services on a referral basis partnered with clinics in their catchment area to 

provide preventive and general health services. Centers did not provide these services 

within their setting. We classified individuals to a referral-based care setting if they 

received greater than 50% of their Health Home services from that care setting. This 

comparison group accounts for trends not associated with ICS that may otherwise 

confound study effects. We used propensity score weights to ensure the comparison 

group was similar to those who received services from ICS on observable baseline 

characteristics. Our comparison group was also consistently enrolled in Medicaid 

throughout the study period.    

 

Data Source  

We used Medicaid eligibility and fee-for-service claims for the period 2009 through 

2012. In addition, we accessed the American Community Survey (ACS), Rhode Island 

Department of Health (RIDH) Licensee Lists, and BHDDH Health Home encounter data. 

Claims provided demographic and utilization data on adult Medicaid beneficiaries prior 

to and following the implementation of Health Home. ACS data provided Zip Code 

Tabulation Area (ZCTA)-level factors, RIDH licensee lists provided the number of health 

providers, and Health Home encounter data supplied the care model settings most used 

during Health Home implementation.   
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Independent Variables  

The primary factor of interest was an interaction term composed of indicators for ICS 

participation and post-Health Home period. To minimize confounding, we applied the 

same individual and ZCTA-level variables used to specify our propensity scores e to all 

regression models. Individual-level factors included: age, sex, race (White, Black, and 

Other), number of comorbidities using the Elixhauser comorbidity index, mood disorder 

diagnosis, and schizophrenia diagnosis. ZCTA-level factors included: median household 

income, percent employed, percent non-Hispanic White, percent non-Hispanic Black, 

percent Hispanic, number of psychiatrist, number of psychologist, number of clinical 

social workers, number of mental health counselors, number of psychiatric nurses, 

number of primary care providers, number of physician assistants, number of CMHCs, 

and number of federally qualified health centers.  

 

Outcome Variables  

Our primary outcomes consisted of outpatient service use, hospitalizations, and ED use. 

We assessed the combined impact of Health Home and ICS on having any visits 

(dichotomous) and service use intensity (count of visits) among those with at least one 

visit. The outpatient service use outcome consisted of overall visits and those 

associated with physical health conditions commonly experienced by individuals with 

SMI (chronic obstructive pulmonary disease (COPD), cardiovascular disease, diabetes, 

hypertension, and obesity) (19). All outpatient visit outcomes were treated as 

dichotomous and count variables.  
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Our hospital use outcome was divided into four categories, all-cause, visits associated 

with a primary mental illness (MI) diagnosis (ICD-9 codes: 295-302, 306-314)(20), visits 

not associated with an MI diagnosis (non-MI) and, preventable. Preventable 

hospitalizations were those associated with an Ambulatory Care Sensitive Condition 

(ACSC). We used an algorithm developed by the Agency for Healthcare Research and 

Quality to identify ACSC events in administrative data (21). Composite measures 

assessed acute, chronic, and overall ACSC hospitalizations. Acute conditions consisted 

of dehydration, bacterial pneumonia and urinary tract infection. Chronic conditions 

included diabetes (uncontrolled; short and long term complications), chronic obstructive 

pulmonary disease, asthma, hypertension, congestive heart failure, angina without 

procedure, and lower extremity amputation among patients with diabetes. Overall ACSC 

hospitalization reflected having an acute or chronic condition.  All-cause, MI, and non-MI 

hospitalizations were treated as dichotomous and count variables. ACSC hospitalization 

outcomes were treated as dichotomous variables.  

 

Similarly to our hospital outcomes, ED use was categorized as all-cause, MI, non-MI, 

and preventable. We used the same ACSC algorithms and ICD-9 codes to identify 

preventable ED use and an MI diagnosis, respectively. All-cause, MI, and non-MI ED 

use outcomes were treated as dichotomous and count variables. Preventable ED use 

outcomes were treated as dichotomous variables.   
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Statistical Methods 

We used a quasi-experimental difference-in-differences (DD) approach to estimate the 

impact of ICS with health service use. In a DD analysis we subtract the average change 

in health service use, between the pre- and post-periods, in the ICS group, to the 

average change in health service use in the comparison group, during the same periods 

(22). This approach allows us to control for secular trends that are not associated with 

ICS (22). The pre-period was 12-months prior to Health Home implementation while the 

post-period was 12-months after Health Home started. In a regression framework the 

interaction between our indicators for post-Health Home period and ICS participation 

yield our DD estimate. In order for the DD analysis to provide valid estimates, we 

assume ICS and comparison groups possess similar trends in the pre-intervention 

period (22). Though we are unable to prove this assumption, we checked the validity by 

using Medicaid claims from the pre-intervention period, 2009-2010 (Appendix A. Figures 

1-18).  

 

For our count outcomes, we estimated multivariable negative binomial models with log 

link functions and robust standard errors clustered at the individual level. Dichotomous 

outcomes were evaluated using multivariable binomial models with a logit link function 

and robust standard errors clustered at the individual level. For all count and 

dichotomous outcomes we used generalized estimating equations with an 

autoregressive correlation structure to account for clustering of repeated individual 

observations. To obtain the desired interpretation of the interaction term in our non-
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linear models we used the predictive margins methods to predict health service use in 

the pre- and post-periods for ICS and comparison groups.          

 

We paired our DD analysis with propensity score weights. A logistic regression model, 

with ICS participation as the outcome variable, was used to estimate our propensity 

scores. A separate propensity score was estimated for each outcome variable. We 

specified our models with individual- and ZCTA-level factors as well as pre-period 

outcomes and pre-period outcome trends. Balance was assessed graphically and 

empirical using standardized difference in means (23). Balance was achieved once the 

absolute percent standardized difference in means was ≤ 10% (24,25). To estimate the 

average treatment effect on the treated we constructed weights based on the odds of 

the propensity score. ICS participants were given a weight of 1 while individuals in the 

comparison group received a weight of pi / (1- pi) where pi represents the estimated 

propensity score for an individual (24,25). Using this weighting scheme allows 

comparisons who are similar to the intervention participants to be weighted higher than 

those who are dissimilar, which are weighted down.   

 

Subgroup analyses were also conducted to evaluate the association of ICS on health 

service use for Blacks, Hispanics, and those with a schizophrenia disorder. This 

secondary data analysis was approved by the Brown University Office of Research 

Integrity.  
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Results  

Table 1 illustrates the ICS and comparison groups before and after weighting. Prior to 

weighting, there were significant differences between groups on race and many of the 

ZCTA-level factors. After weighting, groups were balanced on baseline characteristics. 

There were no differences between groups and standardized differences in means were 

below 10%. The average age among groups was approximately 45, with a larger 

proportion being female than male, were of White race, had a mood disorder, and 

experienced an average greater than four comorbidities.  

 

Table 2 presents our findings from the adjusted and weighted DD analysis of outpatient 

service use. Among ICS participants, the proportion having an outpatient visit increased 

from 83.85% in the pre-period to 88.18% in the post-period. During the same period, the 

comparison group increased from 83.93% to 85.10%, which is yielded a non-significant 

DD of 3.16 percentage-points. ICS was also associated with minor non-significant 

increases in having an outpatient visit for cardiovascular disease, hypertension, and 

obesity. Looking at the association of ICS and outpatient service use intensity, there 

was a moderate increase (p>0.05) in the number of visits for overall, cardiovascular 

disease, diabetes, and hypertension.  

 

Relative to the comparison group, the proportion of ICS participants having a hospital 

visit (Table 3) decreased (p>0.05) for all-cause, non-MI, and MI. When looking at ED 

use, ICS was associated with a non-significant decrease in the proportion having a visit 

associated with MI; while, a non-significant increase in having a visit for all-cause and 
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non-MI (p>0.05), relative to the comparison group. Service use also decreased (p>0.05) 

for those in ICS, relative to the comparison group (Table 3). The number of hospital 

visits for all cause, non-mental illness, and MI decreased, from pre- to post-periods, for 

ICS participants. ICS was also associated with non-significant decreases in the number 

of ED visits for all-cause and MI.          

 

Table 4 shows our adjusted and weighted DD results for preventable hospital and ED 

use. Our results suggest there were no significant differences between ICS and 

comparison groups in obtaining a hospital visit for overall, acute or chronic ACSC. 

Similarly, our findings suggest there were no differences among groups in the 

proportion having an ED visit for all-cause, acute, or chronic ACSC.     

 

In our sub-group analyses (Table 5) we did not see a significant change in the 

proportion obtaining an outpatient visit, overall or for any physical health condition, 

among any of our sub-groups. Concerning hospitalizations, (Table 5) findings suggest,  

over and above the interaction between ICS and post-Health Home period, the 

proportion obtaining a hospitalization for non-MI significantly decreased for Hispanics in 

ICS, -14.95 percentage-points (95%CI: -26.93 to -2.97). Among individuals in ICS with a 

schizophrenia diagnosis, there was a significant decrease in the proportion obtaining an 

all-cause Hospitalization, -7.69 percentage-points (95% CI: -15.09 to -0.29). There were 

no differences in hospitalizations or ED use for Blacks in ICS.     
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Discussion  

To our knowledge, there is no research that has evaluated the best setting for the 

placement of an integration strategy for individuals with SMI. This study is an important 

contribution that can help to further define best practices for SMI populations and inform 

the allocation of limited resources. There is evidence that the placement of general 

health services within a CMHC may be the best way to address health disparities 

among the SMI population (2-4). However, there is little guidance on the best practice 

structure (referral-based, colocated, and integrated care settings) to implement care 

integration strategies. Rhode Island’s Health Home provided a unique opportunity that 

allows us evaluate the extent to which Health Home in consort with an integrated care 

setting impacted health service use. 

 

Contrary to our hypotheses, there were no differences between ICS and the comparison 

group in outpatient service use or ED use. Findings from our subgroup analysis suggest 

the implementation of Health Home within an ICS may decrease all-cause 

hospitalization for individuals with schizophrenia. Our results also suggest that ICS in 

consort with Health Home may decrease non-MI hospitalizations for Hispanics. Our 

positive findings may be attributed to the synergistic effects between ICS and Health 

Home, which may have enhanced communication and collaboration among clinical staff 

(16). Systematic reviews have shown their positive effect on mental and physical health 

outcomes for populations with SMI (3,4,26,27)  
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Our evaluation and findings most closely coincide with those of Krupski and colleagues 

(12) who assessed the Primary and Behavioral Health Care Integration (PBHCI) 

program. A large- scale grant initiative funded by the Substance Abuse and Mental 

Health Services Administration. Under this program CMHCs were provided funds to 

incorporate primary care and preventive services. Grantees were required to institute 

four mandatory elements (screening/referrals to general medical care, tracking system 

for general medical care outcomes, care management, and wellness services) and had 

the option of collocating primary care providers into their setting. Researchers evaluated 

the impact of PBHCI on utilization and costs of healthcare at two CMHCs. Clinic 1 had 

functioned as a fully integrated health care facility for over ten-years prior to PBHCI 

implementation. Clinic 2 had functioned as a stand-alone CMHC and began providing 

integrated services once the grant started. Findings suggested PBHCI participants at 

Clinic 1 had a significantly lower proportion being hospitalized, relative to the 

comparison group. There were no differences between groups on ED use. At Clinic 2 

there were no differences between groups on hospitalizations or ED use. These findings 

suggest that experience operating as an ICS and introducing an integration strategy can 

lead to reductions in hospital use.   

 

Our finding of decrease hospital use by individuals with schizophrenia is encouraging as 

the disorder is associated with substantial economic burden. Approximately 40% of total 

direct medical costs ($37.7 billion) for schizophrenia are associated with hospitalizations 

(28). Drivers of hospital use include treatment nonadherence (29), symptoms of MI (19), 

recent schizophrenia diagnosis (30), individual and social risk factors (19) and lack of 
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access to outpatient services (6,19). Participation in an ICS that implemented Health 

Home may have helped to moderate some of these driving factors.    

 

Participation in ICS was also associated with a decrease in non-mi hospital use among 

Hispanics. Although Hispanics may experience a lower prevalence of MI than their non-

Hispanic White counterparts (31), they are less likely to have a usual source of care 

(32), access primary care services (32), access specialty mental health services, and 

stay in treatment (33). Consequently, Hispanics with SMI may be at increased risk of 

hospitalizations. It is important to note the heterogeneity within Hispanic sub-groups. 

According to figures from the Pew Research Center (34), 65.5% of Hispanics aged 18 

years and older residing in Rhode Island were of Puerto Rican (35.8%) or Dominican 

(29.7%) descent. Puerto Ricans have been found to have the highest overall prevalence 

of psychiatric disorders among all Hispanic sub-groups (33). Consequently, our findings 

may be most relevant for this demographic and may not be generalizable to other 

Hispanic subgroups. 

   

We did not see a difference between groups in many of our outcomes. However, 

several of our primary findings were in the hypothesized direction. This included an 

increase in overall outpatient visits (at least one visit and number of visits) and a 

decrease in all hospitalization outcomes. Our null findings may be attributed to the 

nature of our outcomes and the medical complexity of our sample population. A longer 

follow-up period may be needed to see a difference between groups in ED and hospital 

use. Our null findings concerning outpatient service use for commonly occurring 
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physical health conditions may be attributed to us not limiting the analysis to diagnosed 

cases of the conditions.   

 

Our evaluation had several limitations. One, participants were not randomized into an 

ICS and may be subject to selection bias. The inclination of Health Home participants to 

prioritize one care setting over another may not be fully captured in our propensity score 

models. We were able to balance groups on baseline characteristics, which included 

individual- and area-level sociodemographics factors. However, there may be 

unmeasurable factors that we are not able to incorporate. Two, we were unable to 

account for factors that may have occurred concurrently as Health Home and 

differentially affected outcomes for our comparison groups. Three, our findings may not 

be generalizable to other SMI populations residing in different states. In addition, the 

Hispanic sub-groups in our sample population are not reflective of the larger Hispanic 

demographic.  Nonetheless, our findings provide insight on an integration strategy that 

took place in the real world and may have a positive impact on a Hispanic sub-group 

with high rates of mental illness.          

 

Our study also possesses several strengths. We used methods that simulated an 

experimental design and allowed for causal inferences. By using propensity score 

weights we addressed selection bias and made those who did and did not received care 

from an ICS similar on observable baseline factors. Regression models were adjusted 

for all variables used to specify the propensity scores. Employing this approach allows 

us to address any residual covariate imbalance. In using a DD approach we can 
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account for confounding secular trends that may have otherwise obscured the true 

effects of an ICS. Medicaid data were available for two years prior to Health Home 

onset, which allowed the validation of the DD parallel trends assumption.  

   

Conclusion 

Our findings suggest Health Home in consort with an ICS can decrease hospital use 

among specific populations. Our research contributes to the understanding of 

approaches that integrate primary care into community mental health settings. 

Moreover, provides insight on care settings for the introduction of Health Home. As 

behavioral-health based integration gains traction, it is crucial to understand how 

diverse populations respond to Health Home so as to inform the development of 

strategies that can better serve the SMI population. Future research should disentangle 

the different aspects of health integration such as provider, organizational, and 

environmental factors, both individually and synergistically, to elucidate their influence 

on performance. Employing an implementation science framework with a mixed-

methods approach can help yield practical evidence that can be used to inform policy 

and improve the care quality and health outcomes of individuals with SMI. 

 
 
 
 
 
 
 
 
 
 
 
 



97 
 

References 
 
1. Improving the Quality of Health Care for Mental and Substance-Use Conditions: 

Quality Chasm Series. Washington DC: National Academy of Sciences; 2006. 
PubMed PMID: 20669433 
 

2. Alakeson V, Frank RG, Katz RE. Specialty care medical homes for people with 
severe, persistent mental disorders. Health affairs (Project Hope). 2010;29(5):867-
73. Epub 2010/05/05. doi: 10.1377/hlthaff.2010.0080. PubMed PMID: 20439873. 
 

3. Gerrity, M., Zoller, E., Pinson, N., Pettinari, C., & King, V. (2014). Integrating Primary 
Care into Behavioral Health Settings: What Works for Individuals with Serious 
Mental Illness. New York, NY: Milbank Memorial Fund. Retrieved from:  
http://www.milbank.org/uploads/documents/papers/Integrating-Primary-Care-
Report.pdfIndicators 

 
4. Gerrity, M. (2016). Evolving models of behavioral health integration: evidence 

update 2010–2015. Milbank Memorial Fund: New York, NY. 
 

5. Lichstein, J. C., Domino, M. E., Beadles, C. A., Ellis, A. R., Farley, J. F., Morrissey, 
J. P., ... & Jackson, C. T. (2014). Use of medical homes by patients with comorbid 
physical and severe mental illness. Medical care, 52, S85-S91. 

 
6. Viron MJ, Stern TA. The impact of serious mental illness on health and healthcare. 

Psychosomatics. 2010;51(6):458-65. Epub 2010/11/06. doi: 
10.1176/appi.psy.51.6.458. PubMed PMID: 21051676. 

 
7. Viron, M., Zioto, K., Schweitzer, J., & Levine, G. (2014). Behavioral Health Homes: 

An opportunity to address healthcare inequities in people with serious mental 
illness. Asian journal of psychiatry, 10, 10-16. 

 
8. Bao, Y., Casalino, L. P., & Pincus, H. A. (2013). Behavioral health and health care 

reform models: patient-centered medical home, health home, and accountable care 
organization. The journal of behavioral health services & research, 40(1), 121-132. 

 
9. Kilbourne, A. M., Goodrich, D. E., Lai, Z., Post, E. P., Schumacher, K., Nord, K. M., 

... & Bauer, M. S. (2013). Randomized controlled trial to reduce cardiovascular 
disease risk for patients with bipolar disorder: the self-management addressing heart 
risk trial (SMAHRT). The Journal of clinical psychiatry, 74(7), e655. 

 
10. Druss, B. G., Rohrbaugh, R. M., Levinson, C. M., & Rosenheck, R. A. (2001). 

Integrated medical care for patients with serious psychiatric illness: a randomized 
trial. Archives of general Psychiatry, 58(9), 861-868. 

 

http://www.milbank.org/uploads/documents/papers/Integrating-Primary-Care-Report.pdfIndicators
http://www.milbank.org/uploads/documents/papers/Integrating-Primary-Care-Report.pdfIndicators


98 
 

11. Scharf, D. M., Eberhart, N. K., Hackbarth, N. S., Horvitz-Lennon, M., Beckman, R., 
Han, B., ... & Burnam, M. A. (2014). Evaluation of the SAMHSA Primary and 
Behavioral Health Care Integration (PBHCI) Grant Program. Rand Health Quarterly, 
4(3). 

 
12. Krupski, A., West, I. I., Scharf, D. M., Hopfenbeck, J., Andrus, G., Joesch, J. M., & 

Snowden, M. (2016). Integrating Primary Care Into Community Mental Health 
Centers: Impact on Utilization and Costs of Health Care. Psychiatric 
Services, 67(11), 1233-1239. 

 
13. Druss, B. G., von Esenwein, S. A., Glick, G. E., Deubler, E., Lally, C., Ward, M. C., & 

Rask, K. J. (2016). Randomized trial of an integrated behavioral health home: the 
Health Outcomes Management and Evaluation (HOME) study. American Journal of 
Psychiatry, 174(3), 246-255. 

 
14. Gilmer, T. P., Henwood, B. F., Goode, M., Sarkin, A. J., & Innes-Gomberg, D. 

(2016). Implementation of integrated health homes and health outcomes for persons 
with serious mental illness in Los Angeles County. Psychiatric Services, 67(10), 
1062-1067. 

 
15. Tepper, M. C., Cohen, A. M., Progovac, A. M., Ault-Brutus, A., Leff, H. S., Mullin, B., 

... & Cook, B. L. (2017). Mind the Gap: Developing an Integrated Behavioral Health 
Home to Address Health Disparities in Serious Mental Illness. Psychiatric Services, 
appi-ps. 

 
16. Heath, B., Romero, P. W., & Reynolds, K. (2013). A standard framework for levels of 

integrated healthcare. SAMHSA-HRSA Center for Integrated Health Solutions. 
Substance Abuse and Mental Health Services Administration–Health Resources and 
Services Administration, Washington, DC. 

 
17. Doherty WJ, McDaniel SH, Baird MA. Five levels of primary care/behavioral 

healthcare collaboration. Behavioral healthcare tomorrow. 1996;5(5):25-7. Epub 
1996/09/04. PubMed PMID: 10161572. 

 
18. Blount, A. Integrated primary care: Organizing the evidence. Families, Systems, & 

Health.2003; 21 (2): 121-33.  
 

19. Janssen, E. M., McGinty, E. E., Azrin, S. T., Juliano-Bult, D., & Daumit, G. L. (2015). 
Review of the evidence: prevalence of medical conditions in the United States 
population with serious mental illness. General hospital psychiatry, 37(3), 199-222. 

 
20. Centers for Medicare and Medicaid (2012). Data analysis consideration to inform 

Medicaid health home program design. Retrieved from: 
https://www.medicaid.gov/state-resource-center/medicaid-state-technical-

https://www.medicaid.gov/state-resource-center/medicaid-state-technical-assistance/health-homes-technical-assistance/downloads/hh-data-analysis-brief-6_11_12.pdf


99 
 

assistance/health-homes-technical-assistance/downloads/hh-data-analysis-brief-
6_11_12.pdf 

 
21. A. Q. (2001). Guide to prevention quality indicators: Hospital admission for 

ambulatory care sensitive conditions. Department of Health and Human Services 
Agency for Healthcare Research and Quality. 

 
22. Angrist, J. D., & Pischke, J. S. (2008). Mostly harmless econometrics: An empiricist's 

companion. Princeton university press. 
 

23. Rubin DB. Using propensity scores to help design observational studies: application 
to the tobacco litigation. Health Services and Outcomes Research Methodology. 
2001;2(3-4):169-88. 

 
24. Hirano, K., Imbens, G. W., & Ridder, G. (2003). Efficient estimation of average 

treatment effects using the estimated propensity score. Econometrica, 71(4), 1161-
1189. 

 
25. Harder VS, Stuart EA, Anthony JC. Propensity score techniques and the 

assessment of measured covariate balance to test causal associations in 
psychological research. Psychological methods. 2010;15(3):234-49. Epub 
2010/09/09. doi: 10.1037/a0019623. PubMed PMID: 20822250; PubMed Central 
PMCID: PMC2936698. 

 
26. Woltmann, E., Grogan-Kaylor, A., Perron, B., Georges, H., Kilbourne, A. M., & 

Bauer, M. S. (2012). Comparative effectiveness of collaborative chronic care models 
for mental health conditions across primary, specialty, and behavioral health care 
settings: systematic review and meta-analysis. American Journal of Psychiatry, 
169(8), 790-804. 

 
27. Bradford, D. W., Cunningham, N. T., Slubicki, M. N., McDuffie, J. R., Kilbourne, A. 

M., Nagi, A., & Williams Jr, J. W. (2013). An evidence synthesis of care models to 
improve general medical outcomes for individuals with serious mental illness: a 
systematic review. The Journal of clinical psychiatry, 74(8), e754-64. 

 
28. Cloutier, M., Aigbogun, M. S., Guerin, A., Nitulescu, R., Ramanakumar, A. V., 

Kamat, S. A., ... & François, C. (2016). The economic burden of schizophrenia in the 
United States in 2013. The Journal of clinical psychiatry, 77(6), 764-771. 

 
29. Olivares, J. M., Sermon, J., Hemels, M., & Schreiner, A. (2013). Definitions and 

drivers of relapse in patients with schizophrenia: a systematic literature review. 
Annals of general psychiatry, 12(1), 32. 

 

https://www.medicaid.gov/state-resource-center/medicaid-state-technical-assistance/health-homes-technical-assistance/downloads/hh-data-analysis-brief-6_11_12.pdf
https://www.medicaid.gov/state-resource-center/medicaid-state-technical-assistance/health-homes-technical-assistance/downloads/hh-data-analysis-brief-6_11_12.pdf


100 
 

30. Nicholl, D., Akhras, K. S., Diels, J., & Schadrack, J. (2010). Burden of schizophrenia 
in recently diagnosed patients: healthcare utilisation and cost perspective. Current 
medical research and opinion, 26(4), 943-955. 

 
31. McGuire, T. G., & Miranda, J. (2008). New evidence regarding racial and ethnic 

disparities in mental health: Policy implications. Health Affairs, 27(2), 393-403. 
 

32. Andersen, R. M., Davidson, P. L., & Baumeister, S. E. (2014). Improving access to 
care. Changing the US health care system: key issues in health services policy and 
management. San Francisco, CA: Jossey-Bass, 33-65. 

 
33. Alegría, M., Mulvaney-Day, N., Torres, M., Polo, A., Cao, Z., & Canino, G. (2007). 

Prevalence of psychiatric disorders across Latino subgroups in the United States. 
American journal of public health, 97(1), 68-75. 

 
34. Lopez, G., and Stepler, R. (2016). Pew research center: Hispanic trends: Latinos in 

the 2016 election: Rhode Island. Retrieved from http://www.pewhispanic.org/fact-
sheet/latinos-in-the-2016-election-rhode-island/ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



102 
 

 
 
 
 

 
 
 
 
 

Referral-based 
Care 

Colocated  
Care 

Integrated 
Care 

No Integration Full Integration 

Figure 1. Care Integration Continuum 

 
 

 
  

ICS b

(N= 2,177)
Comparison

(N=3,095) 

 Standardized 
Difference in 

Means c 
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 Standardized 
Difference in 

Means
Individual-Level Factors Mean Mean % Mean Mean %

Age 45.47 44.92 4.90 45.47 45.09 3.60
Sex (Female) 0.58 0.59 0.70 0.58 0.58 0.50
Race

White 0.48 0.72 50.20** 0.48 0.49 0.50
 Black 0.14 0.07 24.50** 0.14 0.15 0.70
Other e 0.25 0.07 51.80** 0.25 0.25 1.20

Mental Illness
Mood Disorder 0.74 0.75 1.10 0.74 0.75 2.40
Schizophrenia 0.45 0.48 6.50 0.45 0.47 2.80

Comorbidities 4.60 4.64 1.70 4.60 4.74 5.00
Area-Level Factors f

Number of Mental Health Counselors 13.14 12.55 4.90 13.14 12.70 3.70
Number of Psychologists 21.13 9.99 56.00** 21.13 21.42 1.50
Number of Psychiatrists 10.30 5.78 36.30** 10.30 10.14 1.30

Number of Primary Care Providers 45.01 34.72 26.50** 45.01 44.60 1.10
Number of Physician Assistants 16.12 12.45 23.70** 16.12 15.58 3.50

Number of CMHC g 0.43 1.27 71.80** 0.43 0.42 0.40
Number of FQHC h 1.10 0.86 29.70 1.10 1.11 1.50

Median Household Income 43,258.00 50,565.00 44.10** 43,258.00 43,236.00 0.10
Percent Employed 86.42 89.14 23.30** 86.42 86.25 1.50

Percent Non-Hispanic White 54.40 72.73 71.20** 54.40 54.46 0.20
Percent Non-Hispanic Black 9.30 6.26 52.60** 9.30 9.43 2.30

Percent Hispanic/Latino 27.23 12.75 75.10** 27.23 26.82 2.10
a Propensity score models also included  higher order terms and interactions
b ICS: Integrated Care Setting 
c Standardized Differences: difference in means of HH and comparison group, divided by the standard deviation of HH
d Weighting by the Odds: Int Group Weight=1; Control Group Weight= propensity score/1-propensity score 
e Other: American Indian or Alaska Native, Asain Pacific Islander Hawaiian Native, Spanish Surname
f  ZCTA: Zip code tabulation areas
g CMHC:Community Mental Health Center
h FQHC:Federally Qualified Health Centere

* .05> p >0.01 ; ** p<.01

Table 1. Characteristics of individuals who received care within an integrated care setting and a comparison group, by 
variables used in developing the propensity score a 

Before Weighting After Weighting d 
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Pre-period d Post-period e
Pre-post 

difference f Pre-period Post-period 
Pre-post 

difference DD 95%CI
At least one visit g

Primary Care 
Overall 83.85 88.18 4.33 83.93 85.10 1.17 3.16 -3.39 to 9.70

Physical Health Conditions h 

COPD i 11.39 11.71 0.32 11.40 12.61 1.20 -0.88 -3.48 to 1.71
Cardiovascular Disease 10.27 10.73 0.46 9.92 10.33 0.40 0.06  -3.60 to 3.72

Diabetes 14.16 15.71 1.55 13.98 15.82 1.84 -0.28  -4.43 to 3.87
Hypertension 17.42 20.01 2.58 17.12 18.17 1.05 1.54  -4.75 to 7.82

Obesity 2.62 3.27 0.65 2.52 2.58 0.06 0.59  -1.37 to 2.83

Number of visits jk

Primary Care 
Overall 775.97 832.30 56.32 813.22 820.16 6.95 49.38 -70.84 to 169.59

Physical Health Conditions 
COPD 286.63 298.39 11.76 234.45 273.41 38.96 -27.20 -195.46 to 141.06

Cardiovascular Disease 227.58 244.47 16.90 191.75 202.39 10.64 6.26 -57.45 to 69.97
Diabetes 371.74 371.12 -0.62 382.15 355.91 -26.24 25.62  -93.22 to 144.46

Hypertension 240.49 230.29 -10.21 512.06 367.33 -144.73 134.52  -63.49 to 332.54
Obesity 238.56 170.83 -67.73 103.34 103.64 0.31 -68.04 -136.37 to 0.295

a Models weighting by the odds: Int Group Weight=1; Comparison Group Weight= propensity score/1-propensity score 

c ICS: Integrated Care Setting  
d Pre-period: 12-months before Health Home started
e Post-period: 12-months after Health Home started
f  Pre-post  difference: post-period - pre-period 
g Outcomes are dichotomized, 1=one or more  visits; 0=no visits  
h Each physical health condition was a primary diagnosis for a primary care visit 
i COPD: Chronic Obstructive 
Pulmonary Disorder
j Outcomes are count variables and only include cases ≥ one visit; per 100 person-years
k Interpretation of count valaues: per 100 person-years
* .05> p >0.01 ; ** p<.01

ICS c

Table 2. Difference-in-differences (DD) analysis of outpatient service use among individuals who received care within an integrated care setting and a 
comparison group a,b

Comparison

b Models adjusted for individual and ZCTA-level covariates. Individual-level covariate include: age, sex, race, mood disorders, schizophrenia, comorbidities;  
ZCTA-level covariates include: median household income, % employed, % non-Hispanic white, % non-Hispanic black, % Hispanic, number of psychiatrist, 
number of psychologist, number of clinical social workers, number of mental health counselors, number of psychiatric nurses, number of primary care 
providers, number of physician assistants, number of CMHC number of FQHC     
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Pre-period d Post-period e
Pre-post

Difference f Pre-period Post-period
Pre-post

Difference DID 95% CI
At least one visit g

Hospital
All-Cause 20.77 22.03 1.26 22.04 26.24 4.19 -2.94 -7.92 to 2.05

Non-MI h 13.91 15.12 1.21 13.98 17.31 3.33 -2.12  -6.08 to 1.84
MI i 11.62 11.90 0.28 11.89 13.13 1.24 -0.96  -4.87 to 2.95

Emergency Department 
All-Cause 35.19 38.16 2.98 36.29 35.06 -1.23 4.20 -1.95 to 10.36

Non-MI 32.02 35.49 3.48 32.22 32.87 0.65 2.82  -2.64 to 8.29
MI 9.47 8.45 -1.02 9.74 10.33 0.59 -1.61  -7.21 to 3.98

Number of visits jk

Hospital
All-Cause 360.09 352.64 -7.45 287.93 329.00 41.07 -48.52  -124.01 to 26.96

Non-MI 276.40 263.87 -12.53 242.20 254.11 11.91 -24.45  -86.92 to 38.03
MI 292.41 331.10 38.69 285.38 372.24 86.86 -48.17  -144.68 to 48.34

Emergency Department 
All-Cause 414.16 461.62 47.46 362.67 412.50 49.83 -2.37  -74.08 to 69.35

Non-MI 384.81 456.47 71.66 332.67 396.66 63.99 7.67 -60.79 to 76.13
MI 258.79 252.27 -6.52 216.83 264.39 47.56 -54.08 -147.39 to 39.23

a Models weighting by the odds of the propensity score: Int Group Weight=1; Comparison Group Weight= propensity score/1-propensity score 

c Int: Integrated Care Setting 
d Pre-period: 12-months before Health Home started
e Post-period: 12-months after Health Home started
f  Pre-post  difference: post-period - pre-period 
g Outcomes are dichotomized, 1=one or more  visits; 0=no visits  
hNon-MI: Visits not associated with primary mental illness diagnosis 
i MI: Visits associated with a primary mental illness diagnosis
j Outcomes are count variables and only include cases ≥ one visit; per 100 person-years
k Interpretation of count valaues: per 100 person-years
* .05> p >0.01 ; ** p<.01

Int c Comparison

Table 3. Difference-in-differences (DID) analysis of hospitalizations and emergency department use among individuals who received care 
within an integrated care setting and a comparison groupa,b

b Models adjusted for individual and ZCTA-level covariates. Individual-level covariate include: age, sex, race, mood disorders, schizophrenia, 
comorbidities;  ZCTA-level covariates include: median household income, % employed, % non-Hispanic white, % non-Hispanic black, % Hispanic, 
number of psychiatrist, number of psychologist, number of clinical social workers, number of mental health counselors, number of psychiatric nurses, 
number of primary care providers, number of physician assistants, number of CMHC number of FQHC     
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Pre-period f Post-period g
Pre-post 

difference h Pre-period Post-period
Pre-post 

difference DD 95% CI
At least one

Hospital
Overall i 4.15 3.55 -0.61 4.05 2.62 -1.43 0.83  -1.68 to 3.34
Acute j 1.40 1.31 -0.09 1.32 0.79 -0.53 0.43 -0.93 to 1.80

Chronick 2.94 2.66 -0.28 2.94 2.03 -0.91 0.63 -1.70 to 2.96
Emergency Department 0.00 0.00

Overall 3.41 3.92 0.51 3.17 3.59 0.42 0.09  -1.80 to 1.97
Acute 1.21 1.82 0.61 1.20 1.99 0.79 -0.19  -1.58 to 1.21

Chronic 2.33 2.38 0.05 2.32 1.80 -0.51 0.56 -1.08 to 2.20
a Outcomes are dichotomized, 1=one or more  visits; 0=no visits     
b Models weighting by the odds: HH Group Weight=1; Comparison Group Weight= propensity score/1-propensity score 

d ACSC: Ambulatory Care Sensitive Conditions 
e Int: Integrated Care Setting 
f Pre-period: 12-months before Health Home started
g Post-period: 12-months after Health Home started
h Pre-Post Difference: Post-period - Pre-period
i Overall: having an acute or chronic ACSC
j Acute: Dehydration, bacterial pneumonia and urinary tract infection

* .05> p >0.01

** p<.01

k Chronic: Diabetes (uncontrolled; short and long term complications), chronic obstructive pulmonary disease, asthma, 
hypertension, congestive heart failure, angina without procedure, and lower extremity amputation among patients with diabetes

Table 4. Difference-in-differences (DD) analysis of ACSC emergency and hospital use among individuals who received care within an 
integrated care setting and a comparison group a,b,c,d

ICS e Comparison

c Models adjusted for individual and ZCTA-level covariates. Individual-level covariate include: age, sex, race, mood disorders, schizophrenia, 
comorbidities;  ZCTA-level covariates include: median household income, % employed, % non-Hispanic white, % non-Hispanic black, % Hispanic, 
number of psychiatrist, number of psychologist, number of clinical social workers, number of mental health counselors, number of psychiatric 
nurses, number of primary care providers, number of physician assistants, number of CMHC number of FQHC     
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Chapter III 
 

Assessing the joint effects of Health Home and Integrated Care Setting on Health Service Use among 
Medicaid Beneficiaries with Serious Mental Illness 
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Appendix A. Figure 4
Percent Outpatient Servic Use: Diabetes
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Appendix A. Figure 5
Percent Outpatient Servic Use: Hypertension
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Appendix A. Figure 7
Percent Hospital Use: All-cause

Integrated Care Setting and Comparison Groups 
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Appendix A. Figure 8
Percent Hospital Use: MI
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Appendix A. Figure 10
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Appendix A. Figure 12
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Appendix A. Figure 14
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