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ABSTRACT 

 

Title of Dissertation: The Impact of Maryland Care Management Entity on Quality of 

Antipsychotic Medication Use and Clinical Outcomes 

 

Ming-Hui Tai, Doctor of Philosophy, 2016  

Dissertation Directed by: Susan dosReis  

 

Background: Care Management Entity (CME) using the wraparound practice is a type of 

care delivery model for youth with severe mental/behavioral disorders. The CME provides 

coordinated, child-centered services that aim to improve youth’s clinical and functional 

outcomes. The impact of this care management on the quality of psychotropic medication 

treatment and outcomes following discharge is unknown. The goals of this dissertation are 

to examine the quality of antipsychotic use and mental health-related outcomes between 

CME-enrolled and non-CME youth. 

 

Methods: Data comprised Medicaid claims linked with the CME administrative records 

anytime from December 2009 through December 2013. A difference-in-difference design 

was used to estimate the odds ratio (OR) and the average marginal effect (AME) of 

antipsychotic use, concomitant antipsychotic use, higher-than-recommended 

antipsychotic dose, and metabolic monitoring among inverse probability of treatment 

weighting-adjusted CME and non-CME youth. To avoid loss of the sample due to missing 

information on length of stay (LOS) in CME services, methods for imputing LOS in 

CME care were conducted and cross-validated. Building on the data imputation, two-part 

models were used to examine the mental health-related emergency department (ED) visits, 



hospitalizations, and outpatient visits within one-year post discharge between CME and 

non-CME youth.   

 

Results: Among the 3,493 IPTW-adjusted cohort (679 CME and 2,814 non-CME youth), 

the CME-served youth had a significant decrease in any concomitant antipsychotic use 

relative to non-CME youth (AME= -3.28%, 95% CI= -4.19% to -2.38%). However, there 

was no difference in antipsychotic dosing or metabolic monitoring between the two groups. 

In the methodological study, the multiple imputation was preferred over single imputation 

because it produced smaller errors and similar LOS distribution. In the outcome analyses, 

the CME care model resulted in a lower likelihood of receiving any mental health-related 

service (mental health-related ED visits: OR=0.65, 95%CI=0.46 to 0.93; hospitalizations: 

OR=0.60, 95%CI=0.40 to 0.89; outpatient visits OR=0.46, 95%CI= 0.32 to 0.66) post 

discharge.  

 

Conclusions: Future optimization of this care model may benefit from 1) greater attention 

to improving antipsychotic monitoring, 2) stronger prescriber engagement in the 

wraparound practice, and 3) further research to identify potential risk factors that 

associated with mental health services utilization among youth in public health insurance 

programs.  
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1. OVERVIEW  

The increase in antipsychotic medication use among youth in the past decade is an 

important public health issue, especially for children and adolescents in Medicaid 

programs. Between 1997and 2006, the prevalence of antipsychotic use increased from 

1.2% to 3.2% among Medicaid-enrolled youth.
1
 In addition, compared to privately 

insured youth, Medicaid-enrolled youth have a three-fold greater prevalence of receiving 

antipsychotic medications.
2,3

 Despite the increasing trend in antipsychotic use among 

youth, a report released by the General Accountability Office (GAO) in 2011 revealed 

few states actually followed the American Academy of Child and Adolescent Psychiatry 

(AACAP) best practice guidelines for psychotropic oversight and monitoring. This report 

heightened national attention on the appropriateness of psychotropic treatment of youth. 

A comprehensive and team-based care delivery model is needed for youth with severe 

emotional and behavioral disorders because they are more likely to use services from 

multiple providers and to receive complex treatment that often involves concomitant 

psychotropic medications (e.g. typically antipsychotics with other psychotropic 

medications). Although this type of care delivery model has had a positive impact on 

clinical symptoms, the impact of the service delivery model on antipsychotic prescription 

and clinical outcomes has not been studied.  

The Maryland Care Management Entity (CME) using the wraparound practice 

model is an intensive coordinated care model that provides child-centered and 

team-based services for publicly insured youth with severe mental health impairment. 

The purpose of the CME care model is to improve the quality of medical services and 

provide an ideal platform to serve as designated providers of a health home. This model 
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is an ideal opportunity to evaluate whether the intensive care provided in the CME 

framework has an impact on antipsychotic utilization patterns. Theory would follow that 

antipsychotic prescribing would be better aligned with national quality guidelines and 

that the use of expensive healthcare services, like emergency department (ED) visits and 

mental health-related hospitalizations would be reduced among youth served by a CME 

relative to youth served in typical community settings.  

In this dissertation, the National Committee for Quality Assurance (NCQA) quality 

indicators will be used to evaluate the influence of the Maryland CME care model on 

antipsychotic utilization and monitoring practices, comparing youth served by the CME 

versus a comparison group. Clinical outcomes are evaluated after youth were discharged 

from the CME care and resumed services in typical outpatient community practice. The 

overall goals of this research are to examine the impact of the CME care model on the 

quality metrics of antipsychotic use and on mental health-related emergency department 

visits, hospitalizations, and outpatient visits.  

This dissertation is timely and represents a unique opportunity to assess the quality 

of antipsychotic prescribing patterns and clinical outcomes associated with the Maryland 

CME implementation. This study will also contribute to the evaluation of the CME care 

model and inform health professionals and policy makers of the need for enhancement in 

the quality of mental health care services for youth with severe mental illness. 

1.1 Specific Aims and Hypothesis 

The dissertation has three distinct but related aims surrounding the influence of the 

Maryland CME care model on antipsychotic treatment quality standards and subsequent 

clinical outcomes among youth with severe mental or behavioral disorders. The data 
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sources for this study are Medicaid claims linked to Maryland CME administrative data 

from December 2009 to December 2013. The specific aims and associated hypotheses are 

as follows. 

Aim 1: To evaluate the influence of the Maryland CME care model on the quality of 

antipsychotic use among CME and non-CME youth, using an inverse probability of 

treatment weight (IPTW) to adjust for baseline covariate imbalance between groups. The 

quality of antipsychotic use is assessed according to the benchmark measures established 

by NCQA, which includes flags of (1) higher-than-recommended antipsychotic doses, (2) 

concomitant use of two or more antipsychotics, and (3) absence of metabolic monitoring 

following the prescription of an antipsychotic. Changes in each of the three antipsychotic 

quality metrics before and after CME enrollment are investigated.  

Hypotheses 

Null hypothesis 1.1: There is no difference in higher-than-recommended antipsychotic 

dosing among CME-enrolled youth compared with non-CME-enrolled youth. 

Null hypothesis 1.2: There is no difference in antipsychotic concomitant use among 

CME-enrolled youth compared with non-CME-enrolled youth. 

Null hypothesis 1.3: There is no difference in antipsychotic metabolic monitoring among 

CME-enrolled youth compared with non-CME-enrolled youth. 

 

Aim 2: To impute length of stay (LOS) in the CME program for youth who had missing 

discharge date and validate the imputed LOS using the administrative claims data. 

Two data imputation methods and cross validation are employed to impute the LOS 

for the nearly 20% of youth with missing information on discharge from the CME. With 



 

 

 

 

4 

 

appropriate validation procedures, the imputed LOS can be used to estimate the discharge 

date, rendering the full sample for analysis in Aim 3. This methodological aim 

strengthens the third aim by preserving all study participants in the analyses.   

 

Aim 3: To evaluate the association between the CME care model and mental 

health-related clinical outcomes after youth were discharged from the CME care. 

Up to present, no study has examined whether the benefits of CME care model 

persist after discharged from the program to less intensive outpatient services and 

resumed typical outpatient community services. The primary goal of this aim is to 

examine the associations between CME services and three distinct outcomes one-year 

post-discharge defined by mental health-related emergency department (ED) visits, 

hospitalizations, and outpatient visits. A two-part model is used to analyze the impact of 

the CME on any mental health-related services (first part) and the numbers of the mental 

health-related services (second part).  

Hypotheses 

Null hypothesis 3.1: There is no difference in mental health-related ED visits among 

youth who enrolled in the CME care model compared with youth who received usual 

source of care. 

Null hypothesis 3.2: There is no difference in mental health-related hospitalizations 

among youth who enrolled in the CME care model compared with youth who 

received usual source of care. 
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Null hypothesis 3.3: There is no difference in mental health-related outpatient visits 

among youth who enrolled in the CME care model compared with youth who 

received usual source of care.  
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1.2 Rationale and Significance 

Medicaid-enrolled youth, by default of the program eligibility, are a vulnerable 

group at higher risks of developing mental or behavioral disorders compared with 

privately insured youth. This Medicaid population faces various challenges and is at risk 

for poor long-term outcomes in many perspectives. For example, they often receive 

fragmented services from multiple mental health care providers and these providers 

might not always coordinate services with each other. In addition, youth with 

complicated mental or behavior situations often involved in multiple agencies such as 

child welfare or juvenile justice system, which can also lead to a disruption in access to 

mental health services. This may lead to an increase in Medicaid healthcare expenses to 

manage conditions that arise from the poor quality of child mental health care services 

and the inefficiencies in the mental health care management.     

Coordinated, intensive, team-based care could be a more efficient model for meeting 

the mental health service needs of youth with severe mental illness. This is an emerging 

care model that may be effective at patient level and administration level. Although several 

randomized controlled trials and local CME care models have shown positive outcomes in 

school performance, clinical symptoms, behavioral controls, alcohol and drug abuse, and 

social functioning,
4-8

 there is very limited data on the impact of this care model on 

pharmacologic treatment outcomes . In addition, the CME care model could be 

implemented in different structures depending on local agencies. For example, the CME in 

Maryland was run by a nonprofit organization, while the CME in Georgia was run by a 

state-funded organization. Because of the different structures, it is essential to establish the 

CME evaluation specific to the local setting in order to ensure the benefits and quality of 
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the care.     

The Care Management Entity structures child mental health care using a wraparound 

practice model. There is a strong emphasis on family engagement and partnership in 

treatment planning and decision making, and the family works with team of providers to 

develop a comprehensive plan. A demonstration grant under the Children's Health 

Insurance Program Reauthorization Act (CHIPRA) of 2009 supported state of Maryland to 

implement/expand this model for youth with severe mental and behavioral disorders. With 

other benefit designs such as Medicaid targeted case management (TCM) that could 

improve the quality of child mental health care, it is becoming apparent that 

evidence-based studies associated with the CME care model will be important to policy 

makers when they determine which benefit design fits better in the local setting.  

This dissertation can contribute further evidence to better understand the benefits of 

the CME with wraparound practice model by evaluating subsequent mental health needs 

after youth were resumed back to usual source of care and possibly add new evidence of a 

way to improve antipsychotic prescribing pattern for future CME program modification   

 

  



 

 

 

 

8 

 

2. BACKGROUND  

2.1 Pharmacoepidemiology of Antipsychotic Medication Use 

Antipsychotic medications have Food and Drug Administration (FDA) approved 

pediatric indications for treatment of Bipolar I Disorder, Schizophrenia, and irritability 

due to Autism, however, the majority of pediatric prescriptions are for off-label treatment 

of maladaptive aggression. Antipsychotics are categorized as two classes, first-generation 

(typical) and second-generation (atypical). First-generation antipsychotics (FGAs) were 

developed in the 1950s. FGAs can control positive psychotic symptoms such as 

hallucinations and delusions, however they are associated with unpleasant and often 

serious side effects, such as extrapyramidal symptoms, tardive dyskinesia, 

hyperprolactinemia, and increased risks of neuroleptic malignant syndrome, QTc interval 

prolongation, and sudden death.
9
 The first second generation antipsychotic (SGA) was 

marketed in the 1990s. The SGAs were thought initially to be safer than FGAs given the 

lower risk of movement side effects. However, recent evidence suggests that SGAs have 

a higher risk of metabolic disturbance, such as glucose and lipid elevation.
10-12

 Despite 

these adverse effects, there has been sustained growth in the use of SGAs, which to this 

day predominate over FGAs. In 2008, SGAs had accounted for 86% of antipsychotic 

market and were mostly concentrated on quetiapine and risperidone among adult and 

pediatric populations.
13

  

Over the past two decades, use of antipsychotics, especially SGAs, has been 

growing considerably among youth in the United States.
1,14-19

 For instance, between 

1995-1998 and 2007-2010, the prevalence of visits with mental disorder diagnoses 

increased from 8 visits to 15 visits per 100 youth, corresponding with an increase in 
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antipsychotic use over the same time period from 0.24 to 1.84 per 100 youth.
11

 In 

addition, the growing concomitant use of antipsychotics raises safety concerns. An 

investigation of antipsychotic use in a one-month period among youth involved in one 

state Medicaid foster care system revealed that 41% received three and more 

psychotropic drug classes concomitantly and 16% received four and more classes.
20

 Also, 

the increase in antipsychotic use was not only concomitant use of antipsychotic with 

other psychotropic medications (between drug classes) but also included concomitant use 

of two or more antipsychotics (within the same drug class).
17

 

Several factors may be underlying the increased use of antipsychotic medication 

among pediatric populations. For one, child behavioral and emotional disturbances have 

been increasingly diagnosed and therefore lead to greater healthcare utilization, such as 

pharmacotherapy.
21

 Second, SGAs are believed to be safer than FGAs due to fewer 

neurological adverse effects (i.e., abnormal movements) and are expected to have a wider 

therapeutic dosing window,
22

 which requires less dosage adjustments in order to avoid 

extrapyramidal symptoms (EPS). Consequently, as a result of the perceived greater ease 

of use and better safety profile, SGA prescribing among children and adolescents exceeds 

FGAs. Third, the decline of inpatient care due to financial constraints from state funds 

between 1990 and 2000 could influence the increased use of psychotropic medications. 

Because of the limited budget for inpatient care, psychotropic medications are an 

alternative to non-pharmacological therapy for stabilizing youth's behavioral problems 

and reducing symptoms immediately, which could bring benefits of decreased inpatient 

visits as well as decreased the length of stay in hospitals.
23
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2.2 Concerns with the Increased Use of Antipsychotics Among Youth  

The dramatic increase in antipsychotic prescribing for youth in the absence of 

psychotic disorders, autism, and mood disorders has heightened public concerns 

regarding the clinical rationale and safety of use. First, the majority of antipsychotic 

prescribing has not been for conditions that have an FDA-approved indication, such as 

schizophrenia, bipolar disorder, and autism. Rather, these medications are being used for 

the management of aggression and irritable behaviors.
24

 Between 1997 and 2006, 

antipsychotic use among Medicaid-enrolled youth increased from 9.6% to 22.1% for 

disruptive disorders, 7.3% to 20.2% for attention deficit hyperactivity disorder (ADHD), 

and 3.0% to 12.4% for anxiety disorders.
1
 Furthermore, American Academy of Child and 

Adolescent Psychiatry (AACAP) practice parameters for managing children’s behavior 

problems recommended that antipsychotics could be ‘add-on’ therapy for aggressive or 

disruptive behaviors.
25,26

 In our preliminary study among foster youth in one, large 

Mid-Atlantic city, more than 50% of youth who received antipsychotic were diagnosed 

with a behavioral disorder (i.e., ADHD, conduct disorder, oppositional defiant disorder, 

or impulse control disorder), while only 6% with schizophrenia and 40% with bipolar 

disorders.      

Second, the emergence of metabolic side effects with SGAs carries potentially 

important implications for long-term health risks. Although SGAs are associated with 

lower risks for tardive dyskinesia and extrapyramidal symptoms,
27

 SGAs have been 

associated with metabolic adverse effects such as significant weight gain, diabetes 

mellitus, and hyperlipidemia, all of which are risk factors for cardiovascular diseases.
28-32

 

In addition, each individual antipsychotic agent has a different risk profile for weight gain. 
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Published studies have shown that clozapine and olanzapine have significantly greater 

risk of weight gain relative to risperidone and quetiapine.
33

 A large non-randomized 

clinical study examining weight change among antipsychotic-naive youth in the first 

three months of antipsychotic initiation showed that youth receiving olanzapine gained 

the most weight (8.5kg) compared to youth receiving quetiapine (6.1 kg), risperidone (5.4 

kg), and aripiprazole (4.4 kg) respectively. In addition to significant weight gain, other 

studies also found antipsychotics were associated with lipid elevation. A quasi- 

experimental study examined lipid level (low-density lipoprotein cholesterol [LDL-C], 

high-density lipoprotein cholesterol [HDL-C], total cholesterol [TC], and triglyceride 

[TG] levels) among youth treated with risperidone for any psychiatric disorders at 

baseline and the sixth month after risperidone initiation. The study found TG, TC and 

LDL-C levels were increased significantly over time and TG/TC elevations and weight 

gain are positively correlated.
34

 In addition to the short-term side effects, antipsychotics 

were also associated with long-term health risks, such as the development of type 2 

diabetes. A retrospective cohort study using Tennessee Medicaid data reported that youth 

who had initiated antipsychotics were three times more likely to be newly diagnosed with 

type 2 diabetes compared with propensity score matched controls, and this risk increased 

with larger cumulative antipsychotic doses.
28

 Other studies have noted similar 

findings.
35-37

   

Third, there are inconsistent reports of antipsychotic dose-dependent adverse events 

from randomized controlled trials.
38-40

 For example, a meta-analysis study pooling 

controlled trials showed some FGAs (especially low potent drug such as chlorpromazine) 

have dose-dependent responses on EPS.
41

 The study also indicated that there was no 
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significant benefit in efficacy regarding different doses of FGAs and SGAs. Another 

study demonstrated that certain SGAs (ziprasidone and sertindole) could cause QTc 

interval prolongation and the response was dose related.
42

  

Because risks of higher-than-recommended antipsychotic dose may outweigh 

benefits and there is limited evidence to support high-dose antipsychotics for youth, 

higher doses should be scrutinized and avoided in common clinical practice. It is 

especially important to examine the prevalence of using high-dose antipsychotics among 

Medicaid-enrolled youth because the risks of using concomitant antipsychotics and 

potential higher-than-recommend doses are high among this population. Preliminary 

studies conducted by our research team compared the average daily antipsychotic dose 

received among foster youth in one, large Mid-Atlantic city treated in community settings 

with FDA-approved age-specific recommended doses. Study findings indicated that the 

majority of youth received FDA-approved doses, but notable patterns were found. (See 

Figure 2.1) Of each antipsychotic agent, 21% haloperidol users, 5% quetiapine users, and 

2% risperidone users were above the FDA-approved doses. Thus, there is some evidence 

to suggest youth are receiving higher-than-recommended doses in Medicaid programs.  
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Figure 2.1 Percentage of Youth with Average Daily Dose Within, Above, and Below 

FDA-approved Dose Ranges and non FDA-approval 

 
Fourth, there has been concerned about the inadequacy of routine metabolic 

screening for youth treated with SGAs.
43

 In light of the FDA warnings and increased risk 

of metabolic adverse effects associated with SGAs, the American Diabetes Association 

(ADA), American Psychiatric Association (APA) and the American Association of 

Clinical Endocrinologists, and the North American Association for the Study of Obesity 

(NAASO) published a consensus statement that recommended all patients who used 

antipsychotics should be monitored for glucose, lipids, body mass index, and blood 

pressure following antipsychotic initiation and 3 month after the initiation.
31

 Despite the 

recommendations, several state-funded oversight initiatives, and the emerging evidence 

of a greater risk of diabetes in youth than in adults, metabolic screening and ongoing 

monitoring among youth has remained low.
43-45

 For instance, a recent study demonstrated 

the prevalence of metabolic monitoring was still low (approximately 20%) in 2009-2011 

among Medicaid-insured youth.
45

 A similar result was reported among commercially 

insured adults- less than 20% of antipsychotic initiators received a baseline glucose test 
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and less than 10% received a baseline lipid test.
46

 Both studies revealed that one year 

after the ADA/APA recommendations were disseminated, the rate of glucose and lipid 

screening and monitoring remained low among individuals who initiated antipsychotics.  

 

2.3 Measures Commonly Used to Evaluate the Quality Antipsychotic Utilization 

To determine whether a youth received the high-quality mental health-related 

pharmacotherapy is very challenging because there is no widely-recognized quality 

indicator in clinical practice. A systematic review including eleven clinical practice 

guidelines has listed seven relevant and most commonly used quality indicators of 

antipsychotic use among children and adolescents.
47

 Stakeholder advisory committees, 

including a foster care advisory panel, mental health clinicians, and the National 

Collaborative for Innovation in Quality Measurement (NCINQ) advisory panel identified 

seven quality indicators, which are summarized in Table 2.1.  
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Table 2.1 Clinical Practice Guideline Recommendations for Each Quality Indicator of 

Antipsychotic Use  

 
 

Three of the seven quality indicators (concomitant use, higher than recommended 

doses, metabolic monitoring) were selected to be the focus of this dissertation, and will 

be used to assess the quality of antipsychotic prescribing. The rationale for excluding/ 

including the quality indicators is as follows. First, the indicators will be excluded if they 

cannot be identified and operationalized using claims-based datasets. For example, 

antipsychotic use with primary indication criterion will not be evaluated because the data 

source for this dissertation will contain diagnoses codes without a clear record for 
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primary or secondary indication. Second, the indicators must be applicable to the study. 

For example, the indicator of “use in very young children” will be excluded because less 

than 5% of CME-enrolled youth are under 10 years old. Details of the rationale for 

excluding/including each quality indicator are described further in the Appendix 1. The 

three quality criteria that are the focus of this research are defined in the Section 4 (study 

aim 1).   

2.4 Care Management Entity (CME) Care Model 

The CME with wraparound practice is a care delivery model providing mental 

health services for youth who have severe mental and behavioral disorders with 

significant impairment. In this section, I will first provide an overview of how the CME 

care model evolved from the system of care, what types of CME structures currently exist, 

and what evidence is there to support the beneficial impact of CME models on youth's 

outcomes. Next, this dissertation focuses on the Maryland CME care model, describing in 

detail the historical background, model structure, and current implementation process. 

2.4.1 System of Care  

The CME emerged from the systems of care (SOC) framework. In the SOC 

framework, multidisciplinary parties (including schools, healthcare network, nonprofit 

organizations, and governmental agencies) were involved and aiming to identify target 

youth who had complex mental health situations in local settings. The goal of the SOC is 

to determine the types of treatment a youth needs as well as to provide 

collaborative/integrated services for the target population.
48,49

 The core values of the SOC 

center on community-based, child-centered, and family-focused services and the concept 

is distinct from the traditional care delivery model, where healthcare professionals 
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primarily determine the treatment plan based on clinical assessments and diagnostic 

formulation.    

The purpose and design of SOC changed over time. Initially, the SOC focused on 

access to care for children with unmet mental health needs in the community. Studies 

were designed primarily to identify the needs and reduce barriers of child mental health 

services. Years of research has demonstrated that the SOC framework improves access to 

services and reduces use of restrictive and expensive service settings such as residential 

treatment.
5
 In addition, the SOC framework has had a positive impact on medical cost 

savings, especially cost from inpatient care and residential placement.
50 

 

Challenges in child mental health care services have faced continued quality of care 

concerns. Studies have reported that youth are receiving fragmented mental health 

services or services that do not meet their actual clinical needs.
51,52

 These inefficiencies 

could lead to additional medical costs as well as insignificant improvements in outcomes 

such as numbers of mental health-related emergency care visits.  

2.4.2 Wraparound 

Wraparound is a model for care delivery that is a child-centered, family-empowered 

approach that involves partnership and collaboration of professionals with key family and 

community stakeholders to address the child’s mental health care needs .
53,54

 Wraparound 

shares similar core values with the SOC and could be identified as one of the practice-level 

representations of the SOC framework.
55

    

Initially developed in the late 1970s, wraparound was mainly community-based, for 

example, school-based interventions or caseworker visits. Thus, early wraparound 

practice models involved limited healthcare professionals.
54

 The practice model is not 



 

 

 

 

18 

 

developed by a single system or a specific program and so the diversity in which service 

systems implement wraparound can vary. Thus, there is no commonly shared definition of 

wraparound and standard protocols available to evaluate how well the wraparound 

process performed. In light of these issues, in early 2000s the National Wraparound 

Initiative (NWI) established specific definitions and standards of wraparound 

implementation based on expert’s opinions, published articles, and governmental reports. 

According to the NWI, the designated wraparound care coordinators serve primary roles to 

work with small numbers of children and their families and provide team-based services 

across domains of physical and behavioral health and social supports.
55-58

 Members in the 

NWI are from universities such as University of Washington, non-for-profit organizations, 

government -funded research institutions such as The National Technical Assistance 

Center for Children's Mental Health (TA Center), and The Institute for Innovation and 

Implementation at the University of Maryland, School of Social Work. Members in the 

NWI collaborate and share resources to support community-level planning and 

implementation, generate knowledge about wraparound process/practice, and disseminate 

the information to the public.   

Some issues should be noted in the wraparound process model. First, wraparound 

itself is not a clinical treatment. Without access and coordination with healthcare 

professionals, it is hard to provide a comprehensive treatment plan for youth and their 

families. Second, personnel training and management/evaluation of wraparound process 

are important to the success of wraparound implementation. Since wraparound process 

could be implemented in different ways across local settings, tailoring the process to target 

population and local health policy is challenging.
57
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2.4.3 Care Management Entity (CME)  

Care Management Entity (CME) is one of the care delivery models that have been 

implemented to deliver the wraparound principles in the community. CME is an 

organization the serves as the “locus of accountability” for youth with severe emotional 

and behavioral disorders and their families.
8
 The purpose of the CME is to improve 

quality of care, clinical outcomes, and medical costs for youth who experienced high 

mental health care need and high medical costs.  

There are several types of CME structures. For example, CME could be a public 

agency. Wraparound Milwaukee is a well-known, established program that is operated by 

the Milwaukee County Behavioral Health Division serving youth and their families living 

in Milwaukee County. These youth served by the Milwaukee County Behavioral Health 

Division were diagnosed with serious emotional or mental disorders and were referred 

from Child Welfare or Juvenile Justice Systems, Medicaid capitation, or other mental 

health programs. In the Wraparound Milwaukee, the Milwaukee County Behavioral 

Health Division contracted with child and family teams that have their own provider 

network and care coordination. The outcomes of Wraparound Milwaukee over the past 

15 years have been encouraging, with significant improvements in medical cost savings, 

clinical situation/functioning, recidivism, and placement permanency.
59

 Another CME 

model in Louisiana employed a managed care organization (MCO) as their CME in five 

assigned regions.
60

 This type of CME care model also showed improvements, including 

reduction in the number of school suspensions, out of home placements, and psychiatric 

hospital admissions. CME also could be a nonprofit organization that either directly or 

indirectly delivers health services to youth with emotional and behavioral disorders.
61
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2.5 Maryland Care Management Entity (CME) 

In the state of Maryland, CME was a nonprofit organization which provides services 

for youth with severe emotional and behavioral disorders in state of Maryland. The CMEs 

were funded through multiple governmental entities, including the 1915(c) Psychiatric 

Residential Treatment Facility Waiver (RTC Waiver)
1
, two Systems of Care Grants 

(Maryland Crisis and At Risk for Escalation diversion Services for children [MD 

CARES]
2
 and Rural Coordination, Advocacy, Resources, Education, and Support [Rural 

CARES]
 3

), Children’s Cabinet funding, Children’s Cabinet’s Stability Initiatives
4
, and  

local funding. The Maryland Children’s Cabinet, led by the Executive Director of the 

Governor’s Office for Children (GOC), is responsible for the development and 

implementation of the CME care model. In 2009, The Children's Cabinet awarded 

contracts for regional CMEs (Choices, Inc. and Wraparound Maryland, Inc.) in Maryland 

to serve as an entry point for the targeted youth and their families through the Children's 

Health Insurance Program Reauthorization Act (CHIPRA) Quality Demonstration Grant. 

Between 2009 and 2012, the Maryland CMEs only operated in three regions- Baltimore 

city, southeastern region, and the northwestern region. After 2012, the CME was 

expanded statewide in order to cover more youth with severe emotional and behavioral 

disorders. In 2015, the Maryland Children’s Cabinet transferred the CME administration 

from the GOC to the Maryland Department of Health and Mental Hygiene and integrated 

                                                 
1 RTC Waiver is a federal initiative enabling youth with mental health needs in Medicaid system to benefits from the 

medical treatments and mental health services in the home or community.      
2
 MD CARES is a cross-agency program to provide youth who had serious emotional and behavioral disorders and were at 

risk of out-of-home placement disruptions in Baltimore City.  
3 

Rural CARES targets youth aged 10-21 years old who have serious emotional and behavioral health challenges and are 
either in foster care or ‘at-risk’ of foster care placement on the Eastern Shore of Maryland, including Caroline, Cecil, 
Dorchester, Kent, Queen Anne’s, Somerset, Talbot, Wicomico and Worcester Counties.  
4 Children’s Cabinet’s Stability initiative served youth who were involved in DJS and DHR and were diagnosed with a 

serious emotional disability. The main target for this population is to prevent out-of-home placement as well as maintain 
out-of-home placement stability.      
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the CME and Medicaid targeted case management as a new model to serve youth with 

severe mental health needs.  

Regarding the CME-enrolled population, the Children’s Cabinet initially focused on 

youth with serious emotional disturbance and were in a Residential Treatment Center 

(RTC). Starting from late 2009, more youth were referred to the Maryland CME care 

model from various sources, including 1915(c) RTC Medicaid Waiver, MD CARES and 

Rural CARES, Department of Juvenile Justice/Out-of-home placement diversion, and 

Department of Human Resource Group Home Diversion, System of Care grants, and 

Children’s Cabinet’s Stability Initiatives.
8
 Figure 2.2 is the illustration to describe the 

structure of CME in the state of Maryland.  

 

Figure 2.2 The Structure of Care Management Entity in the State of Maryland 

 

The Maryland CMEs have collected routine information on the youth and families 

served since its inception in 2009. The data include CME administrative records (such as 

provider type and referral agency), youth's demographic characteristics, history of mental 
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health care, and psychosocial functioning (i.e., measured by child and adolescent needs 

and strengths assessment [CANS]) at entry into the CME and discharge from the CME. In 

the published report of Maryland’s Care Management Entity Implementation prepared by 

University of Maryland, there are 773 youth served in the CME care model between 

December 30, 2009 and June 1, 2012.
8
 On average, youth were 16 years old when they 

first enrolled in the CMEs. Majority of CME-enrolled youth were black/African 

Americans (61%), male (62%), and received their first mental health services at age five 

to ten years old (55%). This report also showed that of the 733 CME-enrolled youth, a 

total of 368 were discharged from CMEs between December 30, 2009 and June 1, 2012. 

Among the 368 youth, 266 (72%) were discharged between 3 to 25 months after CME 

enrollment. Although the most frequent discharge reason was related to an increased 

level of functioning (27%; meaning the youth no longer need intensive care), there are 

still 16% youth who discharged from CME due to a transfer to inpatient facility (10%) 

and incarcerated/juvenile justice involvement (6%).    

2.6 Outcomes of Wraparound/CME Implementation 

Outcome refers to the clinical endpoints of child behavioral health care, such as 

improvements in physical, emotional, and social aspects. A published review of 41 

studies examining the impact of the wraparound practice model on youth outcomes 

between 1990 and 2008 is summarized in Table 2.2.
62

 The table is organized by study 

design. 

Of these published studies, Clark et al. conducted the most frequently cited 

experimental study on outcomes of wraparound.
63

 In their study, children with confirmed 

or at high risk for either an emotional and/or behavioral disorder were randomly assigned 



 

 

 

 

23 

 

into either Fostering Individualized Assistance Program (FIAP; n=54) or standard foster 

care services (n=78). The FIAP is a wraparound process that involved key adults in a 

child’s life to carry out an individualized care management plan. This intervention aimed 

to stabilize foster care placement transitions and improve emotional and behavioral 

performance among these youth. After 15-month follow-up, youth receiving FIAP had 

fewer placement transitions, spent less time as a runaway, and were more likely to be 

placed in permanency homes.
63
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Table 2.2. Research of Wraparound Between 1990 and 2008, by Study Design 

 

CME models also have shown potential benefits at the child-, family-, system- and 

administration-level. For example, a well-known case is the Wraparound Milwaukee. 

Wraparound Milwaukee was established in 1995 by the Milwaukee County Government 
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and enrolled children and adolescents with serious emotional and mental health needs and 

their families who had received services from multiple sectors (i.e., child welfare, mental 

health, juvenile justice, and Medicaid program).
59,64

 During the past 15 years, 

Wraparound Milwaukee has shown marked improvements in child welfare placement 

stability, school attendance, and fewer psychiatric inpatient days. Moreover, youth in 

Wraparound Milwaukee had lower monthly medical cost and fewer psychiatric hospital 

admissions compared to youth who were treated in the usual community outpatient 

mental health service system.  

The second example is the Maryland CMEs under the Children's Health Insurance 

Program Reauthorization Act (CHIPRA) Quality Demonstration Grants (Described in 

detail in Section 2.5). Maryland with its two partner states, Georgia and Wyoming, 

proposed to implement CME models and focused on providing individualized, 

strength-based service planning that is coordinated across multiple agencies. In the 2013 

CHIPRA Quality Demonstration Grant Program Webinar,
65

 the University of Maryland, 

School of Social Work demonstrated that the Maryland CME model reduced cost for 

mental health services and improved functional outcomes in juvenile justice, school 

functioning, and substance abuse. However, the findings were based on a 

quasi-experimental design without a control group where the observed benefits could 

result from other health policies implemented during the same time period.  

In summary, despite the extensive empirical evidence in support of the wraparound 

practice model on multiple outcomes domains for youth with serious mental illness, no 

study has examined the impact on psychotropic medication use patterns. If coordinated 

care for non-pharmacologic interventions is implemented, this could potentially reduce 
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the need for complex psychotropic regimens. Ultimately, this could lead to long-term 

benefits.  

2.7 Difference in Difference Estimation 

Difference-in-difference (DID) design is a commonly used policy evaluation tool to 

examine effects of an intervention before and after its implementation between exposure 

and non-exposure groups. This DID design is employed in the study Aim 1 and Aim 3, 

examining the impact of CME care model on each study outcome. With the DID design, 

the discrepancy between two groups (CME versus Non-CME youth) and two time 

periods (before and after CME implementation) is evaluated, and the study outcomes are 

the quality metrics for antipsychotic use (Aim 1) and mental health-related clinical 

service use (Aim 3).  

The following figures (Figure 2.3) illustrate the DID design through different 

possible scenarios. Situation 1 illustrates that both groups have improvement in the 

quality metric for antipsychotic dosing after CME enrollment. However, there is no 

difference in slopes between the two groups, suggesting that improvement in dosing is 

not associated with the CME care model. This situation could occur when the external 

factors such as Medicaid reimbursement policy have a stronger impact on medication 

utilization, regardless of CME.  

Situation 2 illustrates that both groups have no improvement in quality of 

antipsychotic medication use after CME enrollment. Neither external factors nor CME 

care model has influence on the quality of medication use among the two groups.  

Situation 3 illustrates both groups have improvement in the quality of antipsychotic 
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medication use after CME enrollment. In addition, the slope among CME-enrolled youth 

was steeper than non-CME-enrolled youth, suggesting CME might have greater influence 

on the quality of antipsychotic medication use. 

To examine whether the slopes are significantly different between the two groups, an 

interaction term will be used to conduct a statistical test. Following is the logistic 

regression model used (Equation 2.1) to examine the interaction term. The primary 

independent variable is the interaction term (i.e., DID estimate) between groups (CME 

versus Non-CME enrolled youth) and time (before and after CME implementation) on 

the quality of antipsychotic medication use.  

 

Y = β0 + β1(CME x Time)+β2 (CME)+ β3(Time) + ε       (Equation 2.1) 

CME=1 represents the youth who enrolled in the CME care model  

CME=0 represents the youth who did not enrolled in the CME care model  

Time=1 represents one year pre-CME implementation  

Time=0 represents one year post-CME implementation  

Y denotes the quality metrics of antipsychotic medication use (e.g., whether a youth 

had higher-than-recommended antipsychotic doses before and after the CME 

implementation.) 

β0 denotes the estimated intercept coefficient 

β1 denotes the estimated difference-in-difference coefficient 

β2 denotes the estimated CME coefficient 

β1 denotes the estimated time coefficient 

ε denotes the error term 
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Figure 2.3 Illustrations of the Difference-in-difference Design Through Possible 

Scenarios  

 

The y-axis represents the percent of youth who meet the quality of metric for 

antipsychotic use and x-axis represents the time points, one year before and after the 

CME enrollment date. Blue line represents the CME youth and red represents the 

non-CME youth.   
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2.8 Missing Data  

Missing data is a common occurrence in many fields of research.
66-69

 There are 

various reasons for missingness. For example study participants missed the visit, data was 

not collected due to data entry errors, and the information was lost due to administrative 

issues. In general, if the missingness is more than 5% or the missingness is not random, 

ignoring the missing observations in the analyses could lead to biased estimates.
66

  

It is important to examine type of missing data mechanism before taking further 

action to deal with the missingness. Three broad types of missing data mechanism are 

defined as follows
68

: 1) Missing Completely at Random (MCAR) -The missingness does 

not depend on any variable, 2) Missing at Random (MAR) -The missingness can be 

explained by observed variables, and 3) Not Missing at Random (NMAR) -The 

missingness can be explained by both observed and unobserved variables. To explore the 

types of missing data mechanism is essential because in general the missing data 

imputation assumed the missing observations are MAR.
67,70,71

  

There are several strategies regarding the management of missing data. Dziura et al. 

proposed approaches to manage or prevent the occurrence of missing data by study phase: 

design, planning, conduct, and analysis.
72

 For example, in the design phase, the study 

protocol should account for missing data in sample size/power calculation. In the 

planning phase, inform consent, study sties, and training for study personnel should be 

carefully planned and reviewed by principle investigators. However, these strategies are 

mainly designed for randomized controlled trials and do not apply to quasi-experimental 

or observational studies. As a result, only the strategies from the analytic phase are 

applicable to the observational studies. Table 2.3 summarized the strategies for dealing 
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with missing data in study analytic phase. 

Table 2.3 Strategies for Dealing With Missing Data in Study Analytic Phase 

 
 

Several methods for data imputation are commonly used. In this dissertation, single 

and multiple imputation methods are used in the study aim 2 to impute length of stay in 

the CME care model for youth who had missing discharge information (all CME youth 

had CME enrollment date recorded in the dataset).   

Single imputation, such as mean substitution, regression-based imputation, last 

observation carried forward (LOCF), and worst observation carried forward, is 

straightforward and relatively easy to conduct. Given the simplicity and tendency to 

provide conservative estimates, LOCF is commonly employed, especially in studies that 

analyze outcomes with repeated measures. In LOCF, missing data for a study participant 

is replaced with the last observed value for the same participant. The other two common 

single imputation methods are mean substitution and regression-based imputation. In 

mean substitution, missing values are replaced by the mean of available data points from 

that variable. Although this method is easy and straightforward, it is associated with 

several statistical concerns. First, the mean substitution is not always meaningful. For 

example, for an ordinal variable (e.g., a variable is categorized as level 1, 2, and 3), the 

imputed value should be an integer, rather than an average of available data. Second, it 
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ignores information from other variables that may be correlated with that specific 

variable. If the data are MAR, the mean substitution may result in an underestimation of 

data variability to impute the missing values.
73

 In contrast to mean substitution, 

regression-based imputation accounts for the association with other observed variables in 

the regression equation. 

No method of single imputation addresses the uncertainly around imputed data, and 

failing to do so is a common problem. Multiple imputation is an alternative that accounts 

for the uncertainty of the imputed data by providing a mean and standard deviation, i.e., 

variability around the estimate, from multiple simulated datasets. Multiple imputation 

involves three steps:
74

  

1) Impute missing data m times to create m complete datasets,  

2) Analyze the m complete datasets by using standard procedures, and  

3) Combine the m results into 1 for each missing data.  

Detailed procedures will be described later in this dissertation in the study aim 2 

methods.   
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2.9 Two-Stage Estimation Procedures in Mental Health-related Outcomes  

Two-stage estimation procedures such as Heckman’s models or the two-part model 

are commonly used to analyze data with a large proportion of zero values. Heckman’s 

models were commonly used in socioeconomic studies and have key contributions to 

evaluate a targeted program or treatment. First, Heckman introduced the importance of 

identifying the reasons for having zero values in a dataset. Zeros in the data could 

indicate 1) true zeros, 2) missing information, 3) exogenous censoring, referring to the 

negative values that could occur, but only zero or positive value were observed in the 

data. Second, the Heckman’s model treated the unobserved factors as omitted/latent 

variables, and then corrected these biases in the model.  

For the two-part model, the model analyzed the outcomes as there are two separate 

models without considering the unobserved factors embedded in the outcome variables, 

assuming the propensity of receiving (first part of the model) health utilization is 

independent of the volume of the utilization (second part of the model). The two-part 

model was more commonly used when the propensity of receiving utilization and volume 

of that utilization have different clinical and policy implications to the healthcare system.   

There was a debate in the economics literature regarding the model selection 

between Heckman’s models and the two-part model.
75-78

 To select an appropriate method 

in studies, Dr. Jones provided several key strategies and recommendations that can be 

used to determine which method may perform better than the another in various 

scenarios.
78

 First, researchers should justify whether the study outcome is an actual 

observed value. If no, the Heckman’s model is preferred over the two-part model because 

it accounts for unobserved outcomes in the studies. If yes, the two-part model is more 
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appropriate. In this present study, the outcomes in study aim 3 are mental health-related 

resource utilization, including ED visits, hospitalizations, and outpatient visits. These are 

observed in the Medicaid claims. Unlike privately insured youth, Medicaid is often the 

major or probably the only health insurance plan for Medicaid beneficiaries. It is unlikely 

that these Medicaid-enrolled youth had a large proportion of mental health services 

consumed outside the Medicaid program. Thus, the zero mental health visit is considered 

as a real situation in this dissertation.   

Second, researchers should justify whether the propensity of having the outcome is 

influenced by the decision of the amounts of that outcome. If it is the case, the 

Heckman’s model should be employed to adjust for the correlation. If no, the sequential 

two part model is more appropriate. In this present study, we assumed that any use of 

mental health-related services is independent of number of these services, especially for 

mental health-related hospitalization and ED visits, because numbers of these services is 

more likely to depend on the mental health needs of patients rather than other external 

factors such as a financial constraint.  

Finally, researchers should identify whether obvious exclusion restrictions are 

practical in the model assumptions.
79

 The exclusion restriction means there should be at 

least one variable that can exclusively predict any use of a specified mental health service 

(first step) but is not included in the model prediction for the number of that service 

(second step). Without a proper variable that meets the exclusion restriction criterion, the 

Heckman’s model might under-perform and thus results in biased estimates.
80

 In the 

present study, we did not have specific hypotheses or evidence from literature to assume 

certain variables would be associated with any use of mental health-related services but 
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not associated with the number service visits.  

Given the reasons and justifications above, the 2PM was selected to analyze the 

association between the CME care model and use of mental health-related services in the 

study aim 3. Logistic regression models are used for the first part of the model to 

examine the likelihood of any use of mental health-related services; generalized linear 

models are used for the second part of the model to examine the number of mental 

health-related services among the users.    

 

 

 

 

 

 

 

  



 

 

 

 

35 

 

3. THEORETICAL FRAMEWORK  

Donabedian’s Theory of Quality of Care
81

 forms the theoretical underpinning for this 

research. The evaluation of a Donabedian’s Theory is used to assess health intervention or 

policy in terms of quality and it is organized around three theoretical constructs: Structure, 

Process, and Outcome.
81

 

Figure 3.1 illustrates the relationships between the constructs and the influence of 

patient-level characteristics and external factors. In this study, the constructs are the CME 

care model (structure), quality of mediation use (process), and clinical performance 

(outcome). “Structure” refers to physical and organizational aspects of the CME care 

model, including training for CME coordinators, caseworkers, healthcare providers, 

families and referral agencies, and financial processes for supporting this care model.  

The "process" refers to the mechanisms and resources by which care is delivered in the 

CME practice model. In addition, the process by which a healthcare intervention is 

delivered, i.e., according to practice standards, is expected to affect health outcomes 

through the impact of the care delivery model. The study is based on the theoretical 

underpinning that the structure of the CME care model might facilitate the delivery of 

better quality care, namely judicious use of antipsychotic medication, and that this will in 

turn improve the youth’s clinical outcomes. The NCQA quality measures for safety (e.g., 

high dose and metabolic screening) and appropriateness (e.g., concomitant antipsychotic 

use) are the metrics to assess the quality of antipsychotic use. Other possible parameters in 

the process construct that could affect the subsequent clinical outcome include the quality 

of psychotropic medication use (other than antipsychotics), non-pharmacotherapy (e.g, 

behavioral intervention and psychoeducation), and the fidelity of the wraparound practice 
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in the care model.    

The third concept is "outcomes" of healthcare utilization, which, in this dissertation, 

refers to mental health-related ED visits, hospitalizations, and outpatient visits. Since the 

claims data are limited in the availability of clinical measures such as symptoms and 

disease severity, observable measures of illness deterioration (i.e., ED visits, 

hospitalizations, and outpatient visits) are the best proxy for health outcomes.  

Several external factors need to be considered as threats to validity in this study. For 

example, patient-level characteristics could moderate the relationship between quality of 

medication use and clinical outcomes. For example, youth with schizophrenia are more 

likely to require outlier high doses or need inpatient services compared to youth with 

ADHD. Policy interventions, such as prior authorization, can have influences on the 

quality of antipsychotic medication use over time. Beginning in late 2011, Maryland 

Medicaid Pharmacy Program established two prior authorization policies- The Peer 

Review Program and the Tier 2 & Non Preferred Antipsychotic Review Program. Prior 

authorization process is embedded in the two drug review programs so that all 

antipsychotics for patients under 19 years old must be reviewed and approved before the 

medication will be authorized for payment. In this dissertation, the prior authorization are 

likely to affect the antipsychotic prescribing patterns and monitoring during the study 

observation period, and therefore should be addressed in the study design. 
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Figure 3.1 Theoretical Framework by Applying Donabedian’s Theory of Quality of Care 
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4. STUDY AIM 1 - IMPACT OF COORDINATED BEHAVIRAL HEALTH 

MANAGEMENT ON QUALITY MEASURES OF ANTIPSYCHOTIC USE
5
 

 

4.1 Abstract  

A state Care Management Entity (CME) using the wraparound practice model 

provided intensive care coordination for youth with severe mental illness, those most 

likely to receive antipsychotics. The model has led to improved clinical/functional 

outcomes, but little is known about the impact on antipsychotic prescribing and safety 

monitoring. A pre-post study was conducted to evaluate concomitant antipsychotic use, 

dosing, and metabolic monitoring among CME-enrolled and non-CME-enrolled 

comparison groups. CME-enrolled youth had lower concomitant antipsychotic use than 

non-CME-enrolled youth, but no difference in dosing or metabolic monitoring. More 

education of prescribing antipsychotics and team-based engagement in care coordination 

is needed. 

4.2 Introduction  

The increase in second generation antipsychotic (SGA) use among youth in the past 

decade is an important public health issue, especially for Medicaid-insured children and 

adolescents. Between 1997 and 2006, the prevalence of antipsychotic use increased 167% 

(from 1.2% to 3.2%) among Medicaid-enrolled youth
1
. Heightened public concern about 

increased pediatric antipsychotic prescribing is because SGA treatment is often 

off-label
2,3

 and these medications are associated with metabolic adverse effects such as 

significant and rapid weight gain, incident diabetes mellitus, and hyperlipidemia, all of 

which place youth at higher risks for cardiovascular disease in adulthood.
28,30-32

 This 

                                                 
5
 This manuscript is currently under review in Journal of Administration and Policy in Mental Health and 

Mental Health Services Research.  
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rapid growth in SGA use also raises concerns about the appropriateness of prescribing 

and adherence to safety monitoring guidelines.
47,82

 For example, metabolic monitoring 

was infrequent among SGA-treated youth even after the diabetes warning and clinical 

guideline recommendation.
45

 In addition, concomitant use of antipsychotics, within and 

across therapeutic classes, is growing and raising additional concerns about clinical 

rationale and long-term health outcomes.
17,20

  

Recent trends in antipsychotic use among youth have motivated efforts to assess the 

quality of prescribing. Quality indicators include treatment of very young children (e.g. 

all antipsychotic used for youth <5 years old is “off-label”), concurrent antipsychotic use, 

high dose, lack of a primary indication, limited access to psychosocial interventions, poor 

adherence to metabolic safety monitoring, and infrequent follow-up with the prescriber 

have been identified as potential “red flags” to assess appropriateness and safety of 

prescribing.
47

 In 2014, the National Committee on Quality Assurance (NCQA) released 

similar quality measures for the evaluation of antipsychotic use among youth.
83

 The 

NCQA provides specific definitions to operationalize the antipsychotic quality metrics.           

Several issues specific to children and adolescents make it challenging to fully 

evaluate the quality of antipsychotic prescribing. The youth mental health system is 

disjointed and fragmented, and so a youth may be served in a variety of settings and 

providers including schools, welfare systems, primary care settings, and specialty care 

services.
5
 Often times, the care received across the different settings is not coordinated, 

and so it is difficult to identify the primary provider and whether psychosocial services 

are integrated with medication management.
84,85

 Therefore, a care coordination model 

would be ideal for providing the clinical practice conditions under which a youth is 
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prescribed antipsychotics. 

The Care Management Entity (CME) care model is a health intervention that was 

designed to support coordinated care for youth with mental or behavior disorders. The 

CME is a coordination model that embeds the team-based, child-centered, and 

family-focused care principles of the wraparound practice model.
58

 Compared to the 

traditional medical care delivery model that places healthcare professionals as the 

primary decision-makers, a CME care model employs a collaborative model to identify 

treatment priorities and interventions. Youth and their family work with a team of 

professionals that includes healthcare providers, social workers, and school teachers.
86

 

The benefits of the wraparound/CME care model include reduced mental health costs, 

improved functional outcomes and school performance, decreased substance abuse,
65

 and 

reduced school suspensions, out-of-home placement transitions, and inpatient psychiatric 

hospital admissions.
59

 
60

           

Youth served by the CME have serious mental illness and often have had poor 

response to traditional outpatient treatment, so they are more likely to receive complex 

psychotropic regimens that often include antipsychotics.
87

 Despite preliminary evidence 

of the positive impact of the CME care model on youth behavioral outcomes,
65

 there is 

limited evidence of whether care coordination results in better quality of antipsychotic 

use. Therefore, the purpose of this study was to examine whether the care coordination 

provided within a CME using a wraparound practice model had an effect on improving 

the quality of antipsychotic use. It was hypothesized that this CME care coordination that 

builds in intensive psychosocial interventions specific to a youth’s needs had an indirect 

impact on the quality of antipsychotic use via reduced behavioral symptoms. 
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Antipsychotic quality was defined by three quality metrics from the NCQA for 

Healthcare Effectiveness Data and Information Set (HEDIS) 2015. The specific aims are 

to determine changes in (1) higher-than-recommended antipsychotic dose, (2) 

concomitant antipsychotic use, and (3) metabolic monitoring following antipsychotic 

prescription before and after CME enrollment.   

4.3 Methods 

4.3.1 Study Design 

A retrospective, pre-post study was conducted to determine the impact of the 

Maryland CME care coordination model on the quality of antipsychotic use among CME 

youth and a non-CME comparison group with similar mental health profiles.  

4.3.2 Data Sources 

The data were derived from CME administrative records and linked with Medicaid 

claims. All services received from December 2009 through December 2013 were 

included in this study.  

CME Administrative Data 

The CME administrative records were obtained from CME providers. The data file 

included demographic information such as the youth's date of birth, gender, race, county 

of residence, dates of CME enrollment and discharge, and funding stream subsidizing 

care coordination services (i.e., public child welfare, juvenile justice, and public mental 

health services, etc.).  

Medicaid Claims Data 

Medicaid data were obtained from three separate files: enrollment, pharmacy, and 

medical service claims. Medicaid enrollment claims were used to identify dates of 
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Medicaid eligibility and Medicaid eligibility category (Temporary Assistance to Needy 

Families [TANF], Supplemental Security Income [SSI, including blind/disabled 

programs], foster care/adoption). Pharmacy claims include records of prescriptions 

dispensed in outpatient settings.  Antipsychotic medication, classified by generation, 

included first-generation: chlorpromazine, fluphenazine, haloperidol, loxapine, and 

perphenazine; second-generation: aripiprazole, asenapine, clozapine, iloperidone, 

olanzapine, paliperidone, quetiapine, risperidone, and ziprasidone. Other psychotropic 

medication included ADHD medications (stimulants and atomoxetine), antidepressants 

(SSRI: citalopram, escitalopram, fluoxetine, paroxetine, and sertraline; SNRI: 

desvenlafaxine, duloxetine, and venlafaxine; MAOI: isocarboxazid, phenelzine, and 

tranylcypromine; TCA: amitriptyline, amoxapine, clomipramine, desipramine, 

doxepin,imipramine, maprotiline, nortriptyline, protriptyline, and trimipramine), others 

(bupropion, mirtazapine, nefazodone, and trazodone), lithium, and mood 

stabilizer/anticonvulsants (carbamazepine, valproic acid, gabapentin, lamotrigine, and 

oxcarbazepine). Medical service claims (inpatient, outpatient, and physician claims) 

provided information on mental health diagnoses, recorded as an International 

Classification of Disease (ICD) 9
th

 Revision, and mental health procedures, listed by 

Current Procedural Terminology (CPT) codes. Claims associated with a mental health 

diagnosis or procedure code were identified as mental health-related services.  

4.3.3 Study Population 

The Maryland CME youth and a non-CME comparison group were identified as follows.  

CME Cohort Selection 

The CME cohort was selected from youth served in a CME care model any time 
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from December 2009 through December 2013. Inclusion criteria were a) aged 20 years 

old or younger at the time of CME enrollment, b) at least 365 days of continuous 

Medicaid eligibility before and after the CME enrollment date, and c) at least 30 days of 

involvement in CME services. The date of CME enrollment was defined as the index 

date.  

Non-CME Cohort Selection 

The non-CME cohort was selected from the Maryland Medicaid-enrolled population.  

An algorithm, based on a hierarchy of diagnoses and Medicaid eligibility categories, was 

used to identify a comparison group with a similar distribution of demographic 

characteristics and clinical profile as compared with the CME cohort. This was to ensure 

that the comparison group would also be engaged in mental health services for the 

management of significant mental health impairment. 

Since the non-CME cohort did not have an enrollment date, an index date was 

randomly selected from the CME cohort. Random assignment avoids imbalances in the 

distribution of an observation window of time between CME and non-CME cohorts.
88

 

Once an index date was assigned, the same inclusion criteria were also applied to the 

non-CME cohort: a) aged 20 years old or younger at the index date and b) at least 365 

days of continuous Medicaid eligibility pre and post the index date.  

Analytic Samples 

The CME and non-CME cohorts were defined as the full analytic sample, which was 

to examine the impact of CME care model on any antipsychotic use and any concomitant 

antipsychotic use during the study period.  We further restricted the sample to youth 

who received at least one antipsychotic prescription in the one-year pre and the one-year 
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post CME enrollment/index date (i.e., antipsychotic user) to examine the impact of the 

CME care model on the dosing, concomitant antipsychotic use for more than 90 days, 

and metabolic monitoring following antipsychotic prescription.   

Inverse Probability Treatment Weighting  

The inverse probability of treatment weight (IPTW), based on propensity score 

estimation, was used to adjust for covariate imbalance between CME and non-CME 

youth. IPTW was used instead of propensity score matching (PSM) because it performs 

better with small sample sizes.
89

 Further, PSM reduces the sample size to only those who 

can be matched, and this is not the case with IPTW. Therefore, it was possible to retain 

the full sample for analysis.   

The propensity score was estimated from a multivariable logistic regression model 

using baseline characteristics in the year prior to the index date. Covariates in the model 

included demographics (age, gender, race, type of Medicaid eligibility category, and any 

involvement in residential treatment center), clinical characteristics (any diagnosis of 

ADHD, anxiety, bipolar disorder, conduct disorder, depression, impulse control disorder, 

oppositional defiant disorder, and schizophrenia), and psychotropic medication use (any 

use of ADHD medication, antidepressant, tricyclic antidepressant, mood stabilizer, and 

anticonvulsants), and index date year. Propensity scores were restricted to the 5th-95th 

percentiles to improve the performance of propensity score weighting. The propensity 

score prediction model c-statistic was 0.77, indicating a modest to good model fit.
90

  

We used the same set of covariates to predict the CME enrollment and to estimate 

the IPTW for the full analytic sample and the antipsychotic users. After applying study 

inclusion/exclusion criteria, a total of 3,493 IPTW-adjusted youth (679 CME and 2,814 
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non-CME youth) was identified as the full analytic sample and 967 IPTW-adjusted youth 

(323 CME and 644 non-CME youth) for the antipsychotic users (Figure 4).  

 

Figure 4 Sample Selection Flowchart 

 
 

4.3.4 Study Measures 

Quality of Antipsychotic Use Outcome Measures 

Antipsychotic quality measures were examined within one-year pre and one-year 

post the index date. Each quality measure, derived from the NCQA HEDIS,
83

 is 

operationally defined below. 

Use of Higher-than-recommended Antipsychotic Doses 

A two-step process was used to evaluate higher-than-recommended antipsychotic 
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doses. In the first step, antipsychotic episodes were identified from the day the 

prescription was dispensed until the end of the supply. The episode was extended if the 

next prescription was refilled within 31 days. Once the episode was identified, the 

average daily dose (ADD) per episode per antipsychotic drug per youth was estimated as 

total dose (quantity dispensed multiplied by unit strength) of an antipsychotic in an 

episode divided by the duration of that episode. In the second step, the youth’s age was 

based on age in each antipsychotic episode pre and post the index date observation period. 

Age and ADD were used to determine if the antipsychotic was prescribed at a higher than 

the recommended antipsychotic dose. 

Concomitant Use of Antipsychotics 

Days of concomitant antipsychotic use were estimated using a method from prior 

research.
19

 First, days of each antipsychotic prescription were estimated by dispensing 

date and days of supply in pharmacy claims. Second, concomitant antipsychotic days 

were identified when two or more antipsychotic medications were available on the same 

day. The number of days of overlap in the pre and post index date periods was calculated.  

Concomitant use was defined as binary measures of any concomitant use (yes/no, i.e., at 

least one day of overlap) and concomitant use for more than 90 days (yes/no). 

Metabolic Monitoring on Antipsychotics   

The American Diabetes Association and American Psychiatric Association 

recommended that patients who received antipsychotics should be monitored for glucose, 

lipid, body mass index, and blood pressure at baseline (i.e., antipsychotic initiation) and 3 

months after antipsychotic initiation. In this study, the majority of youth were not new 

antipsychotic users and thus we did not have a true baseline assessment. Therefore, we 



 

 

 

 

47 

 

adapted a conservative approach by assessing glucose and lipid testing 3 months after 

each antipsychotic was dispensed. Glucose and lipid testing was identified using CPT 

codes, which have been used in prior research.
46

  

Demographic characteristics 

Age at index date, gender, race, and Medicaid eligibility category at index date were 

obtained from Medicaid enrollment files. Race was classified as black, white, and others 

(Asian, Native American, and Pacific Islander). Medicaid eligibility category was 

classified as Supplemental Security Income (SSI), Temporary Assistance for Needy 

Families (TANF), foster/adoption, and others including home and community based 

services (HCBS) waivers, federal poverty level (FPL) up to 138 percent, pregnant woman 

and Maryland children’s health program (PW/MCHP), and long-term care.  

Diagnostic characteristics  

Presence of psychiatric disorders one year prior to the index date was obtained from 

inpatient and outpatient Medicaid claims. We used the International Classification of 

Disease, Ninth Revision (ICD-9) diagnostic code to determine the presence of 

schizophrenia (295.xx), bipolar disorder (296.00-296.10, 296.4-296.8), ADHD (314), 

anxiety (300.00-300.29, 301.4), depression (296.20-296.35), conduct disorder 

(312.00-313.89), impulse control disorder (312.3), and oppositional defiant disorder 

(313.8). Psychiatric diagnoses were categorized individually as dichotomous variables: 

schizophrenia/ bipolar disorder, disruptive disorders (including conduct disorder, impulse 

control disorder, and oppositional defiant disorder), ADHD, and depression/anxiety 

disorders. 
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4.3.5 Statistical Analysis  

A difference-in-difference (DID) analytic design was used to examine quality of 

antipsychotic use pre and post the index date. The DID estimator was defined as the 

difference between two groups (CME versus Non-CME youth) and two time periods (pre 

versus post period) for each of the three quality metrics of antipsychotic use. The logistic 

regression model had the structure:  

 

Logit (Yi) = β0 + β1Xi + β2Ti + β3(Xi Ti) + γ’(Z’)+ ε         (Equation 4.1) 

 

Where Yi is the outcome of interest for youth i, Xi is a dummy variable taking value 

one if youth i was enrolled in CME, Ti is a dummy variable taking value one for post 

CME period, Z’ are other control variables, and ε is the error term. The DID estimator is 

the coefficient of the interaction term between Xi and Ti. Assuming the CME care model 

has similar effect on drug utilization and management during the study period, the 

interaction terms can be interpreted as the impact of CME on study outcomes. 

Generalized Estimating Equation (GEE) was used to adjust for repeated measures during 

pre and post periods. The study outcome was modeled in a logistic regression model. 

Data are presented as odds ratios and average marginal effects (AME) of the association 

between CME care coordination and antipsychotic quality measures. Average marginal 

effects reflected the absolute percentage change in the predicted probability of study 

outcome between the two groups (CME versus non-CME) and time periods (pre versus 

post period). Estimation of AME and the 95% confidence interval was adapted from the 

literature.
91,92

 

Equation 4.1 was used to evaluate the association between CME care coordination 

and the following dependent variables: 1) any antipsychotic use and 2) any concomitant 
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antipsychotic use in the full analytic sample. The same analysis was repeated for the 

antipsychotic users in both the pre and post index date periods.  The dependent variables 

for the antipsychotic user included 1) any antipsychotic use higher than the recommended 

dose, 2) any concomitant antipsychotic use for more than 90 days, and 3) lack of any 

blood glucose/lipid testing within 3 months after an antipsychotic was prescribed. 

The study was approved by the University of Maryland's Institutional Review Board 

and the respective research oversight committees of Centers for Medicare and Medicaid 

Services and Maryland’s Behavioral Health Administration. Analyses were performed 

with SAS 9.3 (SAS Institute; Cary, NC, USA). All p-values were 2-sided and p-values 

<.05 were considered statistically significant.  

4.4 Results 

The 3,493 IPTW-adjusted youth cohort (679 CME and 2,814 non-CM) were, on 

average, 13.6 years old, 59.6% male, 63.1% African American, and more than one third 

(38.6%) were covered under the SSI Medicaid eligibility category (Table 4.1). Among the 

CME youth, the mean length of CME enrollment was 328 days (standard deviation: 216 

days; median: 305 days) and 84% received CME care coordination services for more than 

3 months. By nature of the IPTW adjustment, CME and non-CME youth were balanced 

on all demographic and clinical characteristics. Characteristics of the IPTW-adjusted 

antipsychotic users by CME status are in Appendix 2. 
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Table 4.1 Demographic, Clinical, and CME Characteristics in CME and Comparison 

Groups (IPTW-adjusted Cohorts)  

 
ADHD Attention-deficit/hyperactivity disorder, TCA Tricyclic antidepressants, TANF Temporary Assistance for Needy Families, SSI 

Supplemental Security Income 

*The category is based on Maryland Medicaid Management Information System (MMIS). 
± One year prior to the index date. 

†
 Others include home and community based services (HCBS) waivers, federal poverty level (FPL) 

up to 138 percent, pregnant woman and Maryland children’s health program (PW/MCHP), and long-term care. 
††

 Others: bupropion, 

mirtazapine, nefazodone, and trazodone. 

 
Weighted 

Overall (3,493) 

Non-CME youth 

(N=2,814) 

CME youth 

(N=679) 
P-value 

Demographic Characteristics, N (%) 

Age (Mean, SD) (years) 13.6 (3.8) 13.6 (3.9) 13.9 (3.2) 0.035 

Gender     

Female 1,409 (40.36) 1,146 (40.73) 264 (38.84) 0.369 

Male 2,083 (59.64) 1,668 (59.28) 415 (61.16)  

Race      

African American 2,204 (63.10) 1,766 (62.78) 437 (64.42) 0.718 

Others    296   (8.47)    241   (8.58)   54   (8.00)  

White    993 (28.43)       806 (28.64) 187 (27.58)  

Medicaid Coverage Group at Index Date*  0.930 

SSI   1,349 (38.64)    1,093 (38.85) 256 (37.76)  

TANF   864 (24.74)    694 (24.68) 169 (24.96)  

Foster/Adoption   874 (25.03)    698 (24.80) 176 (25.98)  

Others    405 (11.60)    329 (11.69)   76 (11.19)  

Clinical Characteristics, N (%) 

Prior Medication Use
±
     

ADHD Medication   1,247 (35.72) 993 (35.31) 254 (37.39) 0.311 

Antidepressant(SSRI/SNRI)      695 (19.91) 547 (19.46) 148 (21.78) 0.174 

Antidepressant(TCA)      39   (1.11)   31   (1.12)     7   (1.10) 0.964 

Others††    297   (8.49) 237 (8.413)   60   (8.81) 0.739 

Lithium    124   (3.56)   93   (3.31)   31   (4.58) 0.109 

Mood Stabilizer/  

Anticonvulsant 
   250   (7.16)      199   (7.09)   51   (7.47) 0.730 

Prior Mental Health-Related Diagnosis
±
  

Schizophrenia 12 (0.33) 9 (0.31) 3 (0.43) 0.634 

Bipolar disorder 3 (0.09) 2 (0.09) 1 (0.09) 0.998 

Depression 29 (0.83) 23 (0.83) 6 (0.82) 0.978 

Anxiety 142 (4.07) 112 (3.97) 30 (4.47) 0.552 

Conduct disorder 20 (0.59) 16 (0.57) 4 (0.63) 0.854 

Impulse control disorder 21 (0.60) 17 (0.60) 4 (0.63) 0.928 

Oppositional defiant disorder 78 (2.22) 60 (2.15) 17 (2.53) 0.549 

ADHD 481 (13.78) 382 (13.59) 99 (14.58) 0.502 

Year of CME Enrollment, N(%) 

2009       81   (2.33)   52   (1.84)   30   (4.36) <.001 

2010 766 (21.95) 629 (22.37) 137 (20.18) 0.215 

2011 822 (23.55) 664 (23.61) 158 (23.30) 0.865 

2012 895 (25.62) 733 (26.07) 161 (23.73) 0.210 

2013 928 (26.56) 735 (26.11) 193 (28.44) 0.218 
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Antipsychotic Use: Quality Metrics Pre and Post Index Date    

Compared to non-CME youth, CME youth had a higher prevalence of any 

antipsychotic use in both pre and post CME periods. Appendix 3 showed the total 

prescriptions by antipsychotic medication during the one-year pre and one-year post 

periods among the IPTW-adjusted CME and non-CME youth. Of the antipsychotic 

prescriptions, over 90% of them were SGAs. Of the SGAs, risperidone and aripiprazole 

were the most common prescriptions in the study cohort.   

   Table 4.2 shows the prevalence of youth who did not meet quality metrics of 

antipsychotic during the one-year pre and one-year post periods. Among the antipsychotic 

users, less than 10% of youth had higher-than-recommended antipsychotic dose or had 

concomitant antipsychotic use for more than 90 days. Over half of the youth were 

monitored for glucose or lipid within 3 months after an antipsychotic was dispensed.  

 

Table 4.2 Proportion of Quality Metrics Among in 1-year Pre- and 1-year Post-CME/ 

Index Date in the IPTW-adjusted Cohort 
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Difference-in-Difference Estimation for Antipsychotic Quality Metrics 

The DID analysis of any antipsychotic and any concomitant antipsychotic use, for 

the pre and post periods is shown in Table 4.3. The AME of any antipsychotic use was 

16.41% points
6
 higher for CME compared with non-CME youth (95% CI: 15.15% to 

17.67%; p<.001). The AME for time indicated a significant decrease in antipsychotic use 

(-1.90% points) from pre to post period (95% CI: -2.92% to -0.89% points; p=.017). The 

DID estimate, the interaction term of CME with time, for any antipsychotic use, indicated 

an AME of 1.29% points lower antipsychotic use from pre to post periods. However, the 

effect is not statistically significant. The AME for concomitant use was 4.27% points, 

indicating that CME youth were more likely to receive any antipsychotic concomitant use 

compared to non-CME youth (95% CI: 1.07% to 7.48% points; p=<.05). Additionally, the 

DID estimator showed a significant reduction (AME = -3.28% points) in any concomitant 

antipsychotic use for the CME care coordination (95% CI: -4.19% to -2.98% points; 

p<.05).  

The IPTW-adjusted antipsychotic user cohort included 323 CME and 644 non-CME 

youth. In this group, youth were more likely to receive higher-than-recommended 

antipsychotic dose in the post CME/Index date compared to pre CME/Index date 

regardless of CME enrollment status (AME = 3.04% points; p<.001). In addition, CME 

youth had a non-significant lower odds of receiving antipsychotics concomitantly for 

more than 90 days (AME: -1.06% points; 95% CI: -1.57% to -0.54% points; p=.507) and 

were significantly less likely to have glucose/lipid monitoring tests (AME: -11.92% 

points; 95% CI: -16.11% to -7.72% points; p<.001). Although the trend for each of the 

                                                 
6
 % point describes the difference, not a ratio, between two values. In this study, AME is the difference 

between probability of antipsychotic use in CME group and probability of antipsychotic use in the 

non-CME group. Therefore, we report % point instead of % in the text to avoid confusion. 
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three indicators changed over time between CME and non-CME youth, the DID 

estimator was not statistically significant, suggesting a non-significant difference of CME 

by time.    
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Table 4.3 Odds Ratio and Average Marginal Effect on Quality Metrics of Antipsychotic 

Use Among the Full Analytic Sample and the Antipsychotic Users  
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4.5 Discussion 

To our knowledge, this is the first CHIPRA evaluation incorporating NCQA quality 

metrics to evaluate antipsychotic use. In this study, the CME care coordination model 

using wraparound practice for Medicaid-insured youth with severe mental health 

impairment was associated with a significant decrease of any concomitant antipsychotic 

use relative to non-CME youth. Further, more youth received higher-than-recommended 

antipsychotic dose and more metabolic monitoring post the index date, regardless of the 

CME enrollment status. Each of the three quality metrics investigated in this study, i.e., 

higher-than-recommended antipsychotic dose, concomitant use more than 90 days, and 

metabolic monitoring, was not significantly different between CME and non-CME youth 

from pre to post index date. The findings are discussed in relation to the implications for 

policy and practice.  

Although CME care coordination aims to improve the quality of mental health care 

services and youth outcomes through a team-based approach to care planning, this study 

found non-significant changes in the antipsychotic quality metrics. One possible 

explanation is that the study cohort, in general, had more complex antipsychotic regimens. 

It might take a longer follow-up time to achieve the goals of quality antipsychotic use 

until the CME fully accommodates the wraparound practice model. Second, the 

prescribing physicians might not have been involved directly in the team-based care 

planning. A report from the National Wraparound Initiative indicated there was limited 

training and resources for physicians to interact or consult with multiple stakeholders, 

such as families, youth, case coordinators, and other healthcare professionals in the 

team-based care model. In addition, limited time spent with patients and low 
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reimbursement rate for management child behavioral problems were also obstacles for 

prescribers to work with other CME team members.
93

 Finally, neither the CME care 

coordination models nor the wraparound practice provided specific guidance for 

implementation related to quality of psychopharmacologic practice.  

The quality of antipsychotic use reported in this study corroborates some of the 

findings from other reports on the quality of antipsychotic use among Medicaid-insured 

youth. The Department of Health and Human Services (DHHS) conducted a medical 

record review in five selected states and found that 22.5% of antipsychotic claims had 

inappropriate dosing, 34.1% were used for longer than recommended, and 52.8% did not 

receive adequate monitoring.
82

 Our findings that about 40% of youth did not receive 

metabolic monitoring indicates more frequent safety monitoring in our study sample 

compared to the DHHS report. However, in the present study, few youth received a 

higher than recommended dose or had concomitant antipsychotics for more than 90 days 

(less than 10%). The DHHS study was based on case-by-case evaluation with each 

pharmacy claim reviewed by independent psychiatrists, whereas the present study was a 

claims-based episode of care analysis and methods. As a result, the methods for 

estimating dose may have differed. The present study followed NCQA HEDIS quality 

measures, whereas the DHHS study used multiple sources such as clinical guidelines, 

FDA-approved dose, and state policies for their medication utilization review.     

The proportion of youth who received metabolic monitoring increased significantly 

from pre to post the CME enrollment/index date periods, regardless of CME status. Our 

hypothesis that CME care coordination would be associated with an increase in metabolic 

monitoring was not supported by the data. It is possible that increased public awareness 
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and state health policies regulating antipsychotic prescribing may have mixed with the 

study results. For example, the state of Maryland initiated antipsychotic peer-review prior 

authorization (PA) in 2012 for all youth less than 10 years old; in the fall of 2013, PA was 

expanded to all youth less than 16 years old. A criterion for approval was evidence that 

glucose and lipid levels were being monitored. In the present study, we anticipated the PA 

program would have had a minimal effect since few CME youth (<5%) were age-eligible 

for the PA program during the study period (from December 2009 through December 

2013). However, future program evaluation should account for the impact of PA 

programs or other similar policies.  

4.6 Limitations 

The study has several limitations. First, disease severity, which may be an 

unmeasured confounder, cannot be assessed from Medicaid administrative claims. 

Although the analyses were adjusted for the youth’s demographic characteristics, 

Medicaid eligibility category, and clinical profile prior to the index date, this does not 

account for disease severity or functional impairment. Second, the study findings may not 

generalize to CME care models implemented in other states. Despite the same guiding 

principles and standardized training, fidelity to the model or other structural/procedural 

factors could vary across CME providers.
94

 In the present study, we had limited 

information on fidelity. However, all providers were trained using the National 

Wraparound Implementation Center curriculum that is used to provide training and 

support for sustaining high quality wraparound practice in local settings. Third, the 

quality of antipsychotic use was based on antipsychotic users in both pre and post periods, 

which may have selected the more severely impaired and for whom changes in dose and 
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concomitant use would be less likely (Appendix 4). In addition, the study findings might 

not apply to youth who newly initiated antipsychotics or who discontinued antipsychotics 

in the post-period following the index date. Finally, it is a challenge to define the quality 

of antipsychotic use from claims data. For example, American Academy of Child and 

Adolescent Psychiatry strongly recommended that access to psychosocial intervention 

such as behavior therapy or parent training in an important quality metric before initiating 

an antipsychotic medication. However, the information was not available in 

administrative claims. Others have suggested that quality metrics also should consider 

improvements in outcomes,
95,96

 but such measure and its definition need to be 

established.   

4.7 Conclusions/Implications  

Studies have demonstrated that a CME incorporating a wraparound practice model 

has great improvements in functional and performance-based outcomes in youth with 

severe mental and behavioral conditions; however the intensive care coordination may 

not correlate with changes in quality of antipsychotic prescribing. Future optimization of 

this care model may benefit from greater attention to improving medication utilization 

and monitoring. Strategies should include ensuring communication between the 

team-based members, reinforcing prescriber education such as guideline dissemination 

and continuing medical practice training, and increasing youth and their families’ 

engagement in their treatment decisions. 

 Future program-specific quality indicators are also needed to evaluate 

implementation process and outcomes of the care coordination on antipsychotic 

prescribing and monitoring. Notably, the evaluation should be based on not only 
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administrative claims, but also incorporate case-level records, child functioning 

performance information, and CME fidelity assessments. 
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5. STUDY AIM 2: DATA IMPUTATION FOR MISSING DISCHAREGE DATE 

IN A CLAIM-BASED ADMINISTRAVIE DATABSE: COMPARSIONS OF 

IMPUTATION APPROACHES
7
 

5.1 Introduction  

Missing data occurs frequently in quantitative research; however it is not often 

acknowledged or adequately managed in most studies.
97,98

 A review of prospective cohort 

studies noted that 83% of the studies described how missing data was handled in the 

methods section.
99

 Although guidelines for reported missing data highly encourage 

researchers to explain how missing data were addressed in the methods section and report 

numbers of missing data for each variable of study interest, only 43% followed the 

suggestions.
99-101

   

Several methods can be used to handle missing data. Currently, listwise deletion is 

the most common method for handling missing data.
68,102-104

 In listwise deletion, all 

missing observations are removed and complete-case analyses are conducted.
68,74,99,103,105

 

However, there are statistical concerns related to listwise deletion method. For one, 

complete-case analyses could lead to biased estimates if the missingness rate exceeds 5% 

or missingness is not random.
66,104

  Second, there is a loss of statistical power if a large 

proportion missing observations are excluded from the analyses. Single imputation is an 

alternative method to handle missing data. Instead of deleting the missing observations, a 

single value, such as mean or mode of the variable, is used from the available data to 

replace the missing observations. However, the single imputation method is not a 

theoretically-driven approach to deal with missing data.
106

 Prior research has indicated 

                                                 
7
 The manuscript will be submitted to the Journal of the Medical Care Section of the American Public 

Health Association. 
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that single imputation treated the imputed values as the true values, which does not 

address the uncertainly around imputed values and thus could result in misleading data 

interpretation.
66,69,107,108

   

Multiple imputation is another method, and one that acknowledges there is a degree 

of uncertainty around the imputed values.
74,98,103,104

 Multiple plausible values are 

generated for one missing data point, which are then pooled together to yield a mean 

estimate with standard error. In the past decade, multiple imputation becomes more 

user-friendly through several statistical software packages. However, there are also 

several issues associated with its applications. First, the diagnostics for imputation 

method are lacking. Although researchers have proposed to use statistics or graphic 

diagnostics,
98,109,110

 there is no consistent guidance to evaluate the performance of 

imputed data. Second, despite the multiple imputation is preferred over single imputation, 

the differences regarding performance between single and multiple imputation methods 

are unclear. In some scenarios such as missingness was occurred randomly and 

missingness rate was very low, single imputation performed no worse than multiple 

imputation; while in other scenarios single imputation could distort the relationship 

between variables.
111

 

There was no research that compared different imputation methods and then 

assessed the performance of imputed values in claim-based observational studies. 

Therefore, the purpose of this study was to impute missing observations using 

administrative claims using a state care management entity (CME) care model as an 

example. More specifically, we imputed the length of stay in CME service and then 

estimate the discharge date for youth who had the missing discharge information. 
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Moreover, we embedded cross validation in the imputation procedures to examine the 

performance of the imputed values. The study provided a framework that can be used for 

conducting imputation methods and validating imputed values for other research projects.   

5.2 Methods 

5.2.1 Data Sources 

Administrative records for youth enrolled in a care management entity (CME) from 

December 2009 through December 2013 were linked with Medicaid enrollment, medical 

and pharmacy claims. The CME is a care coordination delivery model that provides a 

team-based approach with family and youth input. The CME administrative files include 

the youth's age, gender, race, county of residence, CME enrollment and discharge dates, 

and the child-serving agency funding the youth’s participation in the CME. Medicaid 

enrollment claims were used to determine Medicaid eligibility category under which the 

youth was eligible for Medicaid (i.e., foster care, supplemental security income, and 

temporary assistance). Pharmacy claims represented all medications that were dispensed 

in outpatient pharmacies, and included the name and strength of the medication, the 

quantity dispensed, and the days’ supply. Medical claims for all inpatient, outpatient, and 

physician services were used to identify the diagnoses, recorded as International 

Classification of Disease Ninth Revision (ICD-9), for which a youth received care as well 

as the Current Procedural Terminology (CPT) codes, which defined the type of care 

provided. Diagnoses and CPT codes were used to identify all mental health-related 

services.  

5.2.2 Study Cohort 

The study cohort was selected from all youth enrolled in the CME at any time 
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during the study period December 2009 through December 2013. Inclusion criteria were 

a) aged 20 years old or younger at the time of CME enrollment, b) at least 365 days of 

continuous Medicaid eligibility pre and post CME enrollment, and c) at least 30 days of 

involvement in the CME service. Of the 1,290 youth who were ever enrolled in the CME 

during the study period, 709 youth met all inclusion criteria. Of these youth, all of them 

had CME enrollment dates while 17.8% (n=126) had missing CME discharge dates.  

5.2.3 Study Measures 

Demographic Characteristics 

Age at CME enrollment, gender, race, and Medicaid eligibility category at CME 

enrollment were obtained from Medicaid enrollment files. Race was classified as African 

American, white, and others (Asian, Native American, and Pacific Islander). Medicaid 

eligibility category was classified as Supplemental Security Income (SSI) for disabled 

youth, Temporary Assistance to Needy Families (TANF) for low income youth, 

Foster/Adoption for foster care, and others (including long term care, MCHIP, and 

Refugees, Women’s Breast or Cervical Cancer, Home and Community Based Services 

[HCBS] Waivers, and Federal Poverty Level [FPL] up to 138 percent).
10

  

Mental Health Treatment Characteristics  

Psychiatric disorders and psychotropic use were characterized in the one year prior 

to the CME enrollment. The ICD-9 codes were organized by major diagnostic groups: 

schizophrenia (295.xx), bipolar disorder (296.00-296.10, 296.4-296.8), ADHD (314), 

anxiety (300.00-300.29, 301.4), depression (296.20-296.35), conduct disorder 

(312.00-313.89), impulse control disorder (312.3), and oppositional defiant disorder 

(313.8). Psychotropic medications included antipsychotics, ADHD medications, 
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antidepressants, lithium, and mood stabilizers/ anticonvulsants. 

5.2.4 Imputation Methods For Youth with Missing Discharge Date 

The missing discharge date was calculated by summing the imputed LOS in CME 

service and date of CME enrollment. The imputed LOS in CME service was imputed by 

single or multiple imputation methods.  

Single Imputation 

The regression-based method was a single imputation approach to predict the LOS in 

CME service for youth who had missing discharge date.
67

 This method includes two steps. 

First, we employed generalized linear model to estimate the beta coefficients from the 

youth with complete data (Equation 5.1). The regression model covariates included age at 

CME enrollment, gender, race, Medicaid eligibility category, psychiatric diagnoses and 

psychotropic medication use one year prior to the CME enrollment, involvement of 

residential treatment center, CME funding sources, and year at CME enrollment. To 

determine the proper distribution to describe LOS in CME service, the modified park test 

was conducted.
112

 This step was critical because LOS might not be normally distributed, 

and therefore, a generalized linear model with specified distribution might be needed to 

improve the model fit. The model with the best fit to the data was determined using the 

Akaike Information Criterion (AIC). The second step was to use the coefficients 

generated from the first step to estimate for youth who had missing LOS. 

LOS in CME service = e 
266.811 + 0.001* (age)- 0.014*(male) -0.514(CME provider: Choice, Inc.) + 

0.099(SSI:Yes) -0.121*(TANF: Yes) - 0.129* (Foster/Adoption: Yes) - 0.727 *(Others: Yes) +0.030* (Any ADHD Med) - 

0.115*(Any antidepressant ) + 0.294* (Other psychotropic medications) -0.049 *(Mood stabilizer) -0.072* (Anxiety) + 0.076* 

(ODD) + 0.015* ADHD diagnosis - 0.575*(funding source: Others) - 0.571*(funding source: DJS) - 0.166*(funding source: 

DHR) -0.130*(Year at CME enrollment).                                       
(Equation 5.1)
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Multiple Imputation  

The Markov chain Monte Carlo (MCMC) method was used to generate 

pseudorandom draws from a probability distribution based on the Bayesian 

framework.
104,108,113

 Assuming the data follows multivariate normal distribution, the 

following two steps are applied to Bayesian inference: 1) data imputation and 2) posterior 

steps. First, the data imputation step simulated the missing values independently. Here, 

the variable with a missing observation is denoted by Yi (missing) and the variable with an 

existing value i by Yi (observed). This step drew values for a missing value from a 

conditional distribution Yi (missing) given the observed values Yi (observed). The second step, 

posterior step, simulated the posterior distribution from the complete estimates after the 

first step. Then, new estimates were obtained by repeating the first step for the next 

missing observation. The two steps above were repeated in sufficient cycles to converge 

to a stationary distribution of LOS and generated average estimates for each missing 

value.   

5.2.5 Cross Validation  

Once the values have been imputed, the next step is to validate them prior to 

proceeding with an analysis based on the imputed values.
114

 Cross validation is one of the 

methods to assess the accuracy of the predicted model. Cross validation partitions the 

sample into multiple subsets so that the predicted model is based on selected subsets and 

then validated on the other subsets.  

In this study, we conducted 2-fold cross validation given limited sample size. The 

study cohort was partitioned into two datasets. Figure 5.1 illustrates the steps of cross 
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validation embedded in data imputation process and the details are described as follows.  

Figure 5.1 Study Flowchart for Data Imputation Procedures with Cross Validation  

 
 

 

Step 1: All youth with complete discharge data were randomly assigned into one of two 

datasets: a training or test dataset. In the training dataset all data are used, but in the test 

dataset, the discharge dates were assumed missing.  

Step 2: The single and multiple imputation procedures were conducted.  

Step 3: The predicted values were examined to identify the optimal prediction model for 

the test dataset. To do this, the models were compared based on mean square error 

(Equation 5.2), mean absolute percentage error (Equation 5.3), and predictive capability 

(Equation 5.4). Yi, pi, and n denote the real value, imputed value, and total number of 

youth, respectively, in the test dataset.  

 

Root Mean square error (RMSE) = √
∑(yi−pi)2

n 
           (Equation 5.2) 
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Mean absolute percentage error (MAPE) (%)= 
∑ |yi−piyi |

n
 x 100 (Equation 5.3)  

 

Predictive capability (%) = 
The predicted LOS in the test dataset 

The real LOS in the test dataset 
 x 100 (Equation 5.4) 

 

The optimal model should have 1) lower root mean square error, 2) lower mean 

absolute percentage error, and/or 3) predicative capability closer to 1.  

Step 4: The predicted model was used to estimate the LOS in CME service for youth 

with real missing discharge dates.  

5.2.6 Statistical Analysis 

We conducted analyses using SAS and STATA statistical software. Values of p<.05 

were considered statistically significant. For categorical variables, frequencies and 

percentages were reported and bivariate statistical analyses were conducted using 

chi-square tests. For continuous variables, mean, median, standard deviation, and 

quartiles (i.e., first to third quartile) were reported and bivariate t-test was conducted to 

examine the difference between the two groups.  

A general linear model was used for the regression-based single imputation method, 

a log-link and gamma distribution to estimate the LOS in CME service. The variance 

function was determined based on the modified park test. We used a SAS/STAT 

procedure, PROC MI, to conduct the MCMC method to create 5 simulated datasets for 

missing LOS in CME service, with the number of iterations set to 100 by SAS default. 

SAS/STAT procedure, PROC MIANALYZE, was then used to generate the statistical 

inference about the missing LOS in CME service by combining the five imputed datasets 

together.
113
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5.3 Results 

The characteristics of the CME-enrolled youth with complete (N=583) and missing 

(N=126) information on discharge from CME services are displayed in Table 5.1. Overall, 

CME-enrolled youth were 14.1±3.1 years old, 59.2% were male, 63.3% were African 

Americans, one third were covered under Medicaid Foster/adoption category, and 56.1% 

resided in Maryland central region. Regarding the funding agencies that referred youth to 

the CME care model, 32.2% were from Department of Human Resources, 31.0% were 

from Maryland System of Care grants, and 21.2% were from Department of Juvenile 

Services. Among the psychotropic medications used in this cohort, antipsychotic and 

ADHD medications were the most common prescriptions.  

There was no significant difference in prior medication use and mental 

health-related diagnoses between youth who had complete information on CME 

discharge date and youth who had missing information (Table 5.1). 
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Table 5.1 Demographic, Clinical, and CME Characteristics Among CME-enrolled Youth 

With Complete and Missing Discharge Dates  
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Table 5.1 Demographic, Clinical, and CME Characteristics Among CME-enrolled Youth 

With Complete and Missing Discharge Dates (Continued) 

 

 
ADHD, Attention-deficit/hyperactivity disorder (ADHD); TCA, Tricyclic antidepressants; TANF, Temporary Assistance for 
Needy Families; SSI, Supplemental Security Income; DJS, Department of Juvenile Services; DHR, Department of Human 
Resources. 
*The category is based on Maryland Medicaid Management Information System (MMIS). Others include Long term care, 
PW/MCHIP, and Refugees (G-Track), Women’s Breast or Cervical Cancer (W-Track), Home and Community Based 
Services (HCBS) Waivers and PACE (H-track), and Federal Poverty Level (FPL) up to 138 percent (A-track). 
** Western: Garrett, Allegany, and Washington Counties; Capital: Frederick, Montgomery, and Prince George's Counties; 
Central: Anne Arundel, Baltimore city, Baltimore county, Carroll, Harford, and Howard; Southern: Calvert, Charles, St. 
Mary's; Eastern Shore: Kent, Queen Anne's, Talbot, Caroline, Dorchester, Wicomico, Somerset , Worcester, and Cecil. 
†
Others: bupropion, mirtazapine, nefazodone, and trazodone. 
Others included

 
Community Services Initiative, RTC Waiver, Rehabilitation Services Option, and Stability Initiative    

ƒ
 Wraparound MD through 6/30/2012, Choices as of 7/1/2012 

 

Data Imputation and Cross-Validation  

To conduct data imputation methods, we first examined the mechanism of missing 

data in the study cohort. Appendix 5 shows the prediction model of missingness for CME 

discharge date. Of the observed predictors, missing discharge dates were significantly 

associated with younger age, male, and CME provider. The concordance statistic was 

0.941, indicating the prediction model was a very good fit.
115

 The result show that the 

missing discharge date was very likely to be MAR (i.e., the missingness could be 

predicted by observed predictors in the data), which met the assumption for the following 

data imputation methods.   

The cross-validation and data imputation method is described according to the steps 
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in the methods section.  

Step 1: The 583 CME-enrolled youth with complete discharge date were randomly assign 

into training (n=291) and the test (n=292) datasets.  

Step 2: For single imputation, the beta coefficients that were estimated from the training 

dataset are shown in Equation 5.1. For multiple imputation, the imputed LOS in CME 

service was outputted from the SAS procedures directly. Figure 5.2 illustrates the actual 

and the imputed LOS in CME service derived from the test datasets using single and 

multiple data imputation methods. The histogram with dark gray shading represents the 

actual LOS in CME service in the test dataset, which had a mean of 322±217 days (Table 

5.2). The mean LOS derived from the multiple imputation approach (right panel, 

311±136 days) was closer to the actual LOS than the mean derived from the single 

imputation approach (left panel, 163±103 days).  

 

Table 5.2 Statistics of LOS in CME Service From Actual Values, Single Imputation, and 

Multiple Imputation Methods  

 
MCMC, Markov Chain Monte Carlo; MAPE, Mean absolute percentage error; RMSE, Root mean square error.  
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Figure 5.2 Distributions of Length of Stay (LOS) in CME Service by Single and 

Multiple Data Imputation Methods in the Training Dataset 
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Step 3: The MAPE, RMSE, and predictive capability were used to evaluate the 

prediction accuracy between actual and imputed LOS in the test dataset. The rule of 

thumb is that the smaller errors indicate better prediction. Based on MAPE and predictive 

capability, the LOS in CME service was more likely to be overestimated in the multiple 

imputation, whereas underestimated in single imputation.     

In general, the multiple imputation approach was deemed to perform better than the 

single imputation approach because 1) the imputed LOS from multiple imputation 

yielded smaller errors and 2) compared to the single imputation approach, the distribution 

of imputed LOS from multiple imputation approach was more similar to the distribution 

of actual LOS (Figure 5.2).  

Step 4: The multiple imputation approach was applied to the 126 youth who had missing 

information on discharge date and combined the imputed values with the complete data to 

establish the full analysis dataset. Figure 5.3 shows the distribution of LOS in CME 

service between the complete data (N=583) and the full analysis dataset (N=709). There 

was no significant difference in the LOS in CME service between the two datasets (Mean: 

326 ±206 days in the full analysis dataset and 319±221 days in complete dataset; P-value 

= 0.531).  
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Figure 5.3 Distribution of Length of Stay in CME Service in Complete Data and Full 

Analysis Set (Complete Data Plus Imputed Data) 
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5.4 Discussion 

The present study suggested multiple imputation performed better than single 

imputation to impute LOS in CME service based on the administrative claims. In 

particular, we included a 2-fold cross validation in data imputation procedures to evaluate 

the prediction accuracy in both quantitative and qualitative approaches. The study also 

provided a framework to healthcare researchers for missing data management if the key 

study measures are missing and cannot be ignored in the analyses.             

Although missing data has been discussed for more than 30 years,
68

 there are still 

several issues surrounding this topic. For one, missing data recognition still needs more 

attention in observational studies.
99,116

 Second, the current guidance for missing data 

management in observational studies is insufficient.
72,117,118

 U.S. Department of 

Education published a technical report to address missing data in healthcare research; 

however, the report was mainly designed for randomized controlled trials.
117

 Thus, some 

of the recommendations and strategies for handling missing data are not applicable to 

observational studies. Other guideline for reporting observational studies such as 

strengthening the reporting of observational studies in epidemiology (STROBE) has 

limited sections related to missing data management.
101

 Since the numbers, patterns, 

reasons, and imputation methods of missing data are various across studies, a more 

specific guidance is needed in order to improve quality of observational research.  

Despite the multiple imputation method was highly recommended in the literature 

for missing data imputation 
98

, no universal diagnostics to evaluate the quality of the 

imputed data. For example, a recent study comparing different imputation methods used 

Kappa statistics to determine whether the observed and imputed values reached perfectly 
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agreement.
110

 However, Kappa is a measure for categorical variables.
109

 It is not feasible 

to numeric variables, those most likely to be missing in administrative claims. In another 

data imputation research, Stuart et al. used both graphic and numeric diagnostics to 

determine whether the imputed values performed properly.
119

 For the graphic diagnostics 

method, the authors compared distributions of histograms, density plots, and 

quantile-quantile plots between observed and imputed values. For the numeric diagnostic, 

absolute difference and a ratio of variance were calculated to evaluate the prediction 

accuracy. In this present study, we applied the similar strategy. We compared both 

graphic method and the frequently used metrics
120

 - root mean squared error (RMSE) and 

mean absolute percentage error (MAPE)- to determine the performance of imputed 

values. 

Several limitations need to be considered when interpreting the study results. First, 

the missing LOS in CME service might not strictly meet the data imputation assumptions 

where the data was assumed to be missing at random (MAR) and normally distributed. 

Several studies have supported that multiple imputation method is flexible when dealing 

with other data patterns such as missing not at random (MNAR) missing, but it is hardly 

to examine the actual effect of MNAR on the prediction of imputed values. In addition, 

we had limited control over the data collection and data entry process, which is a 

common drawback of using administrative claims. Therefore, we would never know how 

accurate the imputed values actually performed if they were not missing. Finally, the 

findings may not be generalizable because data management and missing data 

mechanisms could vary across datasets; however, the study framework can be applied to 

other studies that guide researchers to determine the most appropriate approach to handle 
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missing data for their studies.    

5.5 Conclusions/Implications 

The study proposed a framework for handling missing data in the administrative 

claims. Compared with single imputation, multiple imputation method was preferred. We 

further recommended that researchers should always carefully address missing data 

management in research plans. Exploring the pattern, missing data mechanisms, and 

reasons for missingness can better understand the data as well as sharpen research focus.  
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6. STUDY AIM 3: THE IMPACT OF THE CARE MANAGEMENT ENTITY 

CARE MODEL ON MENTAL HEALTH-RELATED EMERGENCY 

DEPARTMENT VISITS, HOSPITALIZATIONS, AND OUTPATIENT VISITS 

AMONG YOUTH WITH SEVERE MENTAL OR BEHAVIORAL 

DISORDERS 
 

6.1 Introduction 

Management of youth mental health disorders is an important public health concern 

because mental/behavioral disorders could affect physical, emotional, and social 

development throughout the lifespan.
51,52,85,121

 Approximately 20% youth in the United 

States had experienced at least one mental health condition either currently or during 

their lifetime and 10% with emotional disturbance may result in functional 

impairments.
121

 Compared with privately insured youth, those youth in the public sector 

are at higher risk of having severe mental or behavioral disorders
122,123

 and thus are more 

likely to receive mental health services.
124

   

The past several decades have witnessed an increasing trend of mental health 

services for youth with a mental or behavioral disorder.
125-127

 However, child mental 

health services often are fragmented and disconnected.
124,128-130

 As a result, treatment 

plans for youth with complicated mental or behavioral disorders could be inefficient, 

ineffective, and costly.
131

 To address the fragmented mental health services for youth, the 

care management entity (CME) model was introduced in the state of Maryland to provide 

an intensive, coordinated care model for Medicaid-enrolled youth who had severe mental 

or behavioral disorders.       

CME using the wraparound practice model provides team-based, child-centered, 

coordinated care for youth with severe mental or behavioral disorders and their families. 

The coordinated care model has shown positive outcomes in prior research, especially 
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improvements in symptom control, placement stability, school performance, juvenile 

justice system involvement, and medical cost savings by reducing the frequency and 

duration of inpatient care.
4,63,132-134

 Most of the prior research on the CME and 

wraparound practice model has focused on outcomes while a youth was currently 

engaged in care; however, little is known about clinical outcomes after youth were 

discharged from the CME and resumed his/her normal source of care.   

In this present study, we examined the impact of CME care model on mental 

health-related resource utilization (i.e., mental health-related ED visits, hospitalizations, 

and outpatient visits) within one-year post discharge from CME between CME youth and 

a non-CME comparison group. We hypothesized that youth served in the CME care 

model would have fewer mental health-related outcomes post discharge from CME, 

compared with the non-CME youth.   

6.2 Methods 

6.2.1 Study Design 

A retrospective study was conducted to examine the association between the CME 

care model and clinical outcomes within one year after discharge from the model. The 

study cohort comprised the CME-served youth and a comparison group that had similar 

demographic and mental health-related diagnoses to the CME youth at baseline.   

6.2.2 Data Sources  

The data comprised CME administrative records linked with Medicaid claims from 

December 2009 through December 2013. The CME administrative records included 

youth's age, gender, race, and CME enrollment information such as dates of 
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enrollment/discharge and funding stream subsidizing care coordination services (i.e., 

public child welfare, juvenile justice, and public mental health services, etc.).  

Medicaid claims included three separate files: Medicaid enrollment, pharmacy, and 

medical service claims. Medicaid enrollment claims were used to identify Medicaid 

eligibility category. Medicaid pharmacy claims were used to identify psychotropic 

medications dispensed in outpatient settings. Medical service claims included claim type 

(physical and mental health claims), service type (inpatient, outpatient, physician, special 

services, and home health), indicator of ED visit, and diagnosis for each claim. Diagnoses 

were recorded by an International Classification of Disease (ICD) 9
th

 Revision and 

clinical procedures were recorded by Current Procedural Terminology (CPT) codes.  

6.2.3 Study Participants 

The overall procedure for cohort selection is illustrated in Figure 6.1. The procedure 

for selection of the CME and non-CME cohort is described in detail below. 

CME Cohort Selection 

The CME cohort was selected from youth served in a CME care model anytime 

from December 2009 through December 2013. The study inclusion criteria were a) aged 

20 years old or younger at the CME enrollment, b) at least 365 days of continuous 

Medicaid eligibility prior to CME enrollment, c) at least 30 days of involvement in CME 

services, and d) at least 365 days of continuous Medicaid eligibility post discharge from 

CME.  

For youth who had missing discharge dates, we conducted the multiple data 

imputation to impute length of stay in CME service and estimate their discharge date (See 

section 6).  
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Non-CME Cohort Selection 

The non-CME cohort was selected from the Medicaid-enrolled population with 

similar demographic and clinical characteristics to the CME cohort at baseline, i.e., prior 

to CME enrollment. An enrollment date associated discharge date was randomly selected 

from the CME cohort and then assigned to the non-CME youth. Random assignment 

avoids imbalances in the distribution of an observation window of time between CME 

and non-CME youth.
88

 Once an index date was assigned, we applied the same inclusion 

criteria to the non-CME cohort: a) aged 20 years old or younger at the index date (i.e., 

proxy for CME enrollment, b) at least 365 days of continuous Medicaid eligibility prior 

to the index date, and c) at least 365 days of continuous Medicaid eligibility post 

discharge index date, i.e., proxy for the CME discharge.  

Inverse Probability Treatment Weighting (IPTW) 

IPTW is commonly used to minimize confounding in observational studies of 

clinical interventions. IPTW performed better than other statistical approaches (i.e., 

propensity score matching) in the present study because balanced study cohorts could be 

achieved without losing study subjects. First, we estimated the probability of CME 

enrollment using a logistic regression model with baseline characteristics as predictors. 

The propensity score from the prediction model were used to calculate weights for each 

youth. For CME youth, the weight was the reciprocal of the probability of CME 

enrollment. For non-CME youth, the weight was the reciprocal of 1 minus the probability 

of CME enrollment. The IPTW-adjusted CME and non-CME cohorts were used in all 

analyses.  
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Figure 6.1 Cohort Selection to Identify CME and Non-CME youth in the Study Aim 3  
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6.2.4 Outcome Measures 

Three outcomes identified from Medicaid medical service encounters were mental 

health-related (1) ED visits, (2) hospitalizations, and (3) outpatient visits. All outcomes 

were measured in the one-year post discharge from CME/index date. Provider types for 

mental health-related hospitalizations and outpatient visits are listed in Appendix 6. Each 

outcome measure was operationalized as a dichotomous variable of any use and as a 

count variable of the number of visits for each of the mental health-related outcomes.         

6.2.5 Covariates  

Demographic 

Age, gender, race, and Medicaid eligibility category at the time of CME discharge 

were obtained from Medicaid enrollment files. Race was classified as African American, 

white, and others (Asian, Native American, and Pacific Islander). Medicaid eligibility 

category was classified as Supplemental Security Income (SSI), Temporary Assistance 

for Needy Families (TANF), foster/adoption, and all others including home and 

community based services (HCBS) waivers, families up to 138% of federal poverty level, 

Maryland children’s health program (MCHP), and long-term care. 

Psychiatric Diagnosis  

Presence of psychiatric disorders one year prior to the discharge date was obtained 

from Medicaid medical claims. We used the International Classification of Disease, Ninth 

Revision (ICD-9) diagnostic code to determine the presence of schizophrenia (295.xx), 

bipolar disorder (296.0-296.1, 296.4-296.8), ADHD (314), anxiety (300.00-300.29, 

301.4), depression (296.20-296.35), conduct disorder (312.00-313.89), impulse control 

disorder (312.3), and oppositional defiant disorder (313.8).  
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Psychotropic Medication  

Use of psychotropic medication one year prior to the discharge date was obtained 

from Medicaid pharmacy claims. Classes of psychotropic medications included 

antipsychotics, ADHD medications (stimulants and atomoxetine), antidepressants, 

lithium, and mood stabilizer/anticonvulsants (see Appendix 7). Concomitant 

antipsychotic use was defined as overlap of different antipsychotic medications for more 

than 30 days. The 30-day period was to rule out cross-tapering from one antipsychotic to 

another antipsychotic.   

6.2.4 Statistical Analysis  

Differences in characteristics between CME and Non-CME youth were examined 

using chi-square tests for categorical variables and t-test for continuous variables. To 

estimate the association between the CME care model and mental health-related services, 

we used a two-stage estimation procedure, i.e., a two-part model. This was a suggested 

approach to study an intervention or a healthcare system.
135

 In part 1, logistic regression 

models were used to estimate the probability of receiving any mental health-related 

service (i.e., any ED visit, any hospitalization, and any outpatient visit, respectively), 

adjusting for demographic and clinical profiles one year prior to the index date. The 

difference-in-difference (DID) estimator was used to test whether the CME care model 

influenced healthcare resource utilization. The logistic regression model had the 

following structure:  

Logit (Yi) = β0 + β1Xi + β2Ti + β3(Xi Ti) + γ’(Z’)+ ε      

Where Yi is the outcome of interest for youth i , Xi is a dummy variable taking on a value 

of 1 if the youth i was enrolled in the CME, Ti is a dummy variable taking on a value of 1 
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for post discharge period, Z’ are other covariates, and ε is the error term. The DID 

estimator is the coefficient of the interaction term between Xi and Ti.  

In part 2, we examined the associations between the CME and numbers of mental 

health-related services among the non-zero users. Furthermore, we specified a negative 

binomial distribution in the regression model because the numbers of utilization were 

considered to be over-dispersed (i.e., the conditional variance exceeds the conditional 

mean in the count data).
136-138

 A negative binomial distribution is commonly used to 

address the over-dispersion issue, which gives the model more flexibility for fitting the 

count data.  

Data were presented as the odds ratio (OR) in part 1 and the incidence rate ratio 

(IRR) in part 2 of the association between CME care coordination and the clinical 

outcomes. Analyses were performed with SAS 9.3 (SAS Institute; Cary, NC, USA). All 

p-values were 2-sided and p-values <.05 were considered statistically significant. 

6.3 Results 

A total of IPTW-adjusted 488 CME and 1,893 non-CME youth were included in the 

analyses. In general, almost three quarters of youth were aged 13 years old and older 

(72.6%), and over half were male (60.8%), African Americans (63.1%), and enrolled in 

either SSI or TANF Medicaid eligibility categories (64.0%). By nature of the IPTW 

method, most of the characteristics were balanced between the two groups (Table 6.1).  
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Table 6.1 Baseline Demographic and Clinical Profile at Discharge/Index Between CME 

and Non-CME Youth (IPTW-weighted cohort)   

 

ADHD Attention-deficit/hyperactivity disorder, TANF Temporary Assistance for Needy Families, SSI Supplemental Security 
Income; *Up to 22 years old at discharge; 

†
 Others include home and community based services (HCBS) waivers, federal 

poverty level (FPL) up to 138 percent, Maryland children’s health program (PW/MCHP), and long-term care 
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Of the 488 CME youth, 31.0%, 28.0%, and 89.1% had 1 or more mental 

health-related ED visits, hospitalizations, and outpatient visits, respectively, within one 

year prior to CME discharge (Figure 6.2). There was a reduction in the use of healthcare 

resources within one-year after discharge from the CME care model (difference: -9.2% 

for ED visits, -10.1% for hospitalizations, and -10.3% for outpatient visits) among the 

CME youth. For the non-CME youth, the relative differences in the healthcare resource 

utilization during the same pre and post discharge period were negligible (difference: 

-1.1% for ED visits, -1.4% for hospitalizations, and 1.1% for outpatient visits) compared 

with the CME youth. Appendix 8 presents there was small changes in non-mental 

health-related ED visits, hospitalizations, and outpatient visits from one-year pre to 

one-year post discharge in both CME and non-CME youth.  

 

Figure 6.2 Percentages of Any Mental Health Related Emergency Department Visit, 

Hospitalization, and Outpatient Visit Within One Year Pre and Post CME Discharge  
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Table 6.2 presents the odds ratio (OR) and 95% confidence interval from the part 1 

of the two-part model. The beta coefficient and standard error are provided in Appendix 9. 

The DID estimators, comparing the clinical outcomes between the two time periods and 

two groups, show that the CME youth had a significantly lower likelihood of any of the 

three mental health-related outcomes (any ED visit: OR=0.65, 95% CI= 0.46-0.93; any 

hospitalization OR= 0.60, 95% CI= 0.40- 0.89; any outpatient visit; OR=0.46, 95% 

CI=0.32-0.66).    

The IRRs in Table 6.3 were derived from the youth who received at least one service 

of each mental health-related outcome within the year post-discharge, controlling for 

demographic and clinical characteristics. The beta coefficient and standard error are 

presented in Appendix10. Among youth who had at least one outpatient visit within 

one-year post-discharge, CME youth had significantly fewer outpatient visits compared 

with non-CME youth (IRR=0.88, 95% CI= 0.77-0.94). The results showed there was no 

significant association between the CME youth and the number of ED visits or 

hospitalizations. However the Medicaid eligibility category at discharge was found to be 

a strong predictor of the number of mental health services for each of the three outcomes. 

For example youth in foster care system were associated with more outpatient visits 

(IRR= 1.11, 95% CI= 1.03-1.19) but fewer hospitalizations (IRR= 0.79, 95% CI= 

0.65-0.96) compared with youth in the TANF program.  
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Table 6.2 Difference-in-Difference Estimates of the Impact of the CME Care Model on 

Any Healthcare Resource Utilization (Part 1 of the Two-part Model) 
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Table 6.3 Incident Rate Ratios With Number of ED Visit, Hospitalization, and Outpatient 

Visit Among CME and Non-CME Youth (IPTW-adjusted Cohort) 
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6.4 Discussion 

To our knowledge, this is the first administrative claims-based study to analyze 

mental health-related services after youth were discharged from CME. The study 

employed a two-part model to examine the impact of CME on the propensity and number 

of mental health-related outcomes between CME-enrolled youth and a non-CME 

comparison group. In the first part of the model, our findings suggested that the CME 

was associated with a lower likelihood of having any ED visit, hospitalization, or 

outpatient visit respectively within a year after youth were discharged from the CME 

program. In addition, among youth who received at least one mental health-related 

service, CME youth had significantly fewer outpatient visits compared with non-CME 

youth, while no differences were observed between the two groups with respect to the 

number of ED visits or hospitalizations.   

Our results not only support findings from previous work, but we also utilize a 

rigorous study design and analytic methods to evaluate the impact of the CME care 

model on post-discharge outcomes. Prior studies have shown the number of psychiatric 

hospitalizations was reduced among youth who enrolled in the coordinated 

care/wraparound process.
4,8,64

 However, most of these studies used pre-post study design 

without a comparison group.
6,7,133,139-144

 It was possible that the effects were from other 

concurrent mental health interventions or policies, and not the effect of the CME care. In 

the present study, a pre-post design with IPTW-adjusted CME and non-CME cohorts 

were used to examine the effect of a CME care model on mental health resource 

utilization. In addition, the two-part model helps us better understand the association 

between the CME care model and healthcare utilization, i.e., CME may have a greater 
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impact in reducing the propensity to receive any mental health-related service, but once a 

youth receives a service, there is less impact on the volume of services received.  

The study found number of mental health-related outpatient visits that were 

significantly reduced following CME care. Our supplemental results show there was 

small changes in non-mental health-related visits in both CME and non-CME youth, 

suggesting the impact of CME was specific to mental health related outpatient services. 

In addition, it is possible that youth served in the CME may have had less frequent 

outpatient visits because he/she was receiving these services in schools, and would not be 

captured in the Medicaid service claims. However, this should have also affected the 

non-CME youth since school-based interventions are available to all youth regardless of 

CME care.   

Several possible reasons could explain why the CME care model had limited impact 

on the number of ED visits or hospitalizations. First, the small sample size, especially for 

youth who had at least one ED visit post discharge, could affect statistical power to detect 

a difference. Second, youth who had any ED visit or hospitalization might have more 

complicated mental health situations than youth who did not have any of these services, 

and thus the effects of the CME care model might be different depending on the severity 

of the mental health condition. Third, it is possible that other factors were more strongly 

associated with the use of mental health services, and might offset the effect of the CME 

care model. A prior study has shown that healthcare utilization was associated with type 

of Medicaid coverage due to different payment polices.
145

 In our study, we observed type 

of Medicaid eligibility category was significantly associated with numbers of 

hospitalizations and outpatient visits in the second part of the model after controlling for 
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other covariates.   

The study also has limitations that should be considered. First, we had limited 

information about the fidelity to the wraparound practice model. The fidelity is key to 

ensure the quality of wraparound practice model implementation.
146

 The report from the 

Maryland CME implementation demonstrated that the wraparound practice achieved 

adequate fidelity in general; however, some subscales fell short of the borderline 

fidelity.
147

 In this present study, we assumed the fidelity of wraparound practice were 

consistent during the study observation. Second, we applied a broader definition of 

mental health-related resource utilization. Type of hospitalizations, such as inpatient 

hospitalization and partial hospitalization, could be related to different severity of mental 

health status. Unfortunately, we did not have sufficient statistical power to analyze the 

types of hospitalization due to limited sample size.  

6.5 Conclusions/Implications 

The CME with wraparound services is a promising care delivery model for youth 

with severe mental or behavioral disorders. The study findings show that the CME care 

model may result in reduction of mental health care services after youth were returned to 

normal source of care in the community. In addition, the CME care model was associated 

with fewer outpatient visits but no differences in ED visits and hospitalizations. 

Multi-agency collaboration would help to identify the factors associated with mental 

health services utilization and would help to enhance CME program evaluation.  
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7. OVERALL CONCLUSIONS, IMPLICATIONS, AND FUTURE RESEARCH  

7.1 Overall Conclusions 

It has been well documented for several decades that a high proportion of children 

and adolescents enrolled in Medicaid have been experienced at least one mental health or 

behavioral disorder, received at least one psychotropic medication, and received 

fragmented mental health services.
5,124

 Coordinated care models have emerged as a 

mechanism for providing comprehensive, individualized treatment plans for patients with 

severe mental health or behavioral disorders and who need services from multiple 

providers. The Maryland CME using the wraparound practice model was an opportunity 

to improve mental health services for youth with severe mental health impairment 

through a team-based, child-centered structure. The overall purpose of this dissertation 

was to examine the impact of Maryland CME on the quality of antipsychotic use, a 

commonly prescribed psychotropic medication for youth with severe mental illness, and 

on subsequent mental health-related clinical outcomes for youth served by the CME 

relative to a non-CME comparison group.     

To many stakeholders, such as youth and their families, healthcare professionals, 

CME administrators and state and federal agencies, it is important to understand whether 

the CME models effectively improve the quality of mental health care and how this care 

model affects healthcare resource utilization after discharge from CME services. In this 

dissertation, one of the study findings suggests that the CME care model was associated 

with a reduction of any concomitant antipsychotic use. This finding is important to the 

CME evaluation because concomitant antipsychotic is widely viewed as an indicator of 

poor quality of care. Several clinical guidelines and research studies have pointed to the 
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lack of evidence of any clinical benefit with two antipsychotic medications 

concomitantly
47,148-150

 at the expense of greater risks of side effects.
151

 Additionally, the 

wraparound practice model in the CME naturally embeds psychosocial interventions,
152

 

which is a highly endorsed standard of care in practice parameters.
153

 Nearly all states 

have implemented psychotropic oversight and monitoring programs and a recently 

published study reported a decrease in concomitant antipsychotic use and an increase in 

psychosocial services for youth enrolled in Medicaid following the implementation of the 

monitoring programs.
43

 The CME care model is likely to complement, and may even 

enhance, the ongoing state efforts to better manage psychotropic use and to achieve best 

practices in mental health for youth with severe mental illness. 

This dissertation research was the first study to demonstrate the sustainability of 

improved mental health outcomes post-discharge from CME services. There was a 

significant decrease in outpatient mental health visits upon discharge, yet non-mental 

health visits were unchanged suggesting that youth were still engaged in care. Some 

possible mechanisms may explain the reduction of mental health outpatient visits. First, if 

the CME services were able to stabilize the youth’s mental health status, youth may not 

need to be seen as frequently, i.e., fewer outpatient mental health visits. This is in part 

supported by the fact that the most common reason for CME discharge was successful 

treatment completion,
152

 which means youth met treatment goals and had improved 

sufficiently to be discharged to community care. Second, post-discharge from CME care 

may correspond with less need for services from multiple providers because the youth 

was able to be managed by a single mental health provider or provider group. The 

reduction in outpatient mental health visits, hospitalizations and emergency care could 
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potentially lead more efficient and less costly mental health services. Future research is 

needed to determine whether the reduction of outpatient visits was correlated with a more 

stable health condition following the CME discharge or were the result of consolidated 

outpatient services with fewer healthcare providers.  

This dissertation contributes new knowledge that could not be gleaned from prior 

controlled trials or observational studies. First, little is known about the sustainability of 

the CME benefits post discharge. For example, in the controlled trials, the primary 

endpoints typically were evaluated within a short-term study period.
6,7,49,57,63,141

 Thus, 

long-term outcomes after youth met the CME treatment goals and resumed his/her usual 

source of care are unclear. For many state agencies, the care coordination is more likely 

to be a long-term investment in mental health management; so the effectiveness of the 

CME post discharge should be evaluated. In this dissertation, we focused on the outcome 

within one year post discharge and further studies are needed to examine outcomes three 

to five years following discharge from CME services.   

Finally, many prior observational studies did not include a well-defined comparison 

group (i.e., non-CME group) in the pre-post study design.
140

 Several threats to the 

internal and external validity of the study, such as historical threats, maturation, selection 

bias, could bias the interpretation of the findings.
154

 In this dissertation, a comparison 

group (i.e., non-CME youth) was introduced to strengthen the study design and thus 

provide more rigorous evidence of CME effectiveness.  

7.2 Implications 

The study findings have several implications for clinical practice and public health 
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policy. From a clinical perspective, if the prescribing provider had been engaged in the 

CME team, this may have resulted in a greater impact on psychotropic prescribing. 

Future optimization of this care model may benefit from ensuring communication across 

the CME team members with the prescribing provider and from incorporating case-level 

records of child functioning and CME fidelity assessments to establish a more 

comprehensive treatment plan.  

From the administrative perspective of state child-serving agencies, identifying 

factors associated with the use of mental health services, such as ED visits and 

hospitalizations, is essential because use of these services may be preventable in some 

cases. For example, prior studies found cost-driven factors such as type of coverage 

might play a bigger role in the receipt of mental health services in the Medicaid 

population.
155,156

 If the factors associated with use of these more costly mental health 

services are not addressed, the reduction of ED visits or hospitalization following CME 

discharge might be offset by these factors.  

 This dissertation also contributed to the methods for managing missing data in 

observational studies, using data imputation to minimize bias from excluding subjects 

with missing data and to preserve the study power to detect differences between groups. 

Additionally, inspection of the missing data revealed the reasons for missingness, which 

is also an important consideration because there could be a systematic bias contributing 

to this. In sum, this dissertation provides evidence to support a method for managing 

missing data that could enhance the rigor of future observational studies.  
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7.3 Future Directions 

Several areas for future research emerged from this dissertation. First, it was 

challenging to measure the quality of antipsychotic prescribing using administrative 

claims data. Currently, there are many quality metrics of antipsychotic use proposed by 

NCQA and clinical practice guidelines.
47,157

 However some of the metrics cannot be 

adapted to a cohort that has been constructed from administrative claims data. For 

example, the antipsychotic quality indicators proposed by the NCQA do not account for 

medication switching. Frequent changes in the psychotropic regimen can place the 

youth at a higher risk for destabilization. Further, the quality metric related to 

antipsychotic dosing does not account for the condition being treated. Future work could 

be done to improve the measurement of these quality metrics using administrative data.   

Second, this dissertation demonstrated negligible differences in the number of 

mental health-related hospitalizations and ED visits between CME and non-CME youth. 

It is possible that there were specific subgroups within the CME and non-CME cohorts 

for which the differences were significant. For example, the coordinated care model the 

severity of the mental health, and especially youth with multiple behavioral disorders, 

might be an important factor. The use of IPTW adjustment for such differences when 

examining the overall average effect, and subgroup differences were not assessed, in 

part due to sample size limitations. Also, types of hospitalization could be a proxy for 

disease severity. In the current study, we excluded residential hospitalizations because 

this was considered to be a uniquely different hospitalization for youth who required a 

higher level of care. Future work could explore the heterogeneity of CME effects on 

youth outcomes.     
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Third, Medicaid claims and CME administrative records were the only two data 

sources used in this dissertation, which limited the ability to examine other potentially 

important outcomes such as juvenile justice placement, child welfare involvement, 

educational attainment, and social engagement. As the CME care model provides an 

individualized and comprehensive treatment plan, data linkage and information sharing 

across child serving agencies would enrich our ability to access outcomes in a broader 

range of domains. 

In summary, the care coordination model provides opportunities to support best 

practices for child mental health care management. This dissertation was able to use 

real-world data to evaluate the quality of antipsychotic prescribing and clinical 

outcomes for Medicaid youth with mental and/or behavioral challenges. The public 

health, clinical, and methodological contributions of this research have provided several 

opportunities for enhancing investigation of evidence-based practices for youth with 

severe mental illness.    
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APPENDICES 

Appendix 1 Justification for Selecting Antipsychotic Quality Indicators 
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Appendix 2 Demographic, Clinical, and CME Characteristics in the Antipsychotic Users 

(IPTW-adjusted Cohorts) 

 
ADHD Attention-deficit/hyperactivity disorder, TCA Tricyclic antidepressants, TANF Temporary Assistance for Needy Families, SSI 

Supplemental Security Income 

*The category is based on Maryland Medicaid Management Information System (MMIS). 
± One year prior to the index date. 

†
 Others include home and community based services (HCBS) waivers, federal poverty level (FPL) 

up to 138 percent, pregnant woman and Maryland children’s health program (PW/MCHP), and long-term care. 
††

 Others: bupropion, 

mirtazapine, nefazodone, and trazodone. 

 

 

 

 

Weighted Overall 

(N=967) 

Non-CME youth 

(N=644) 

CME youth 

(N=323) 
P-value 

Demographic Characteristics, N (%) 

Age (Mean, SD) (years) 14.0 (3.4) 14.1 (4.1) 13.7 (3.4) 0.110 

Gender   
  

  

Female 338 (34.90) 213 (33.05) 125 (38.60) 0.088 

Male 630 (65.10) 431 (66.95) 198 (61.40) 
 

Race        

Black 522 (53.94) 339 (52.66) 183 (56.48) 0.147 

Others   82   (8.50)   50   (7.78)   32   (9.95)  

White 363 (37.56) 255 (39.57) 108 (33.57)  

Medicaid Coverage Group at Index Date    0.381  

SSI  429 (44.38) 292 (45.35) 137 (42.44)  

TANF  148 (15.30) 101 (15.74)   47 (14.41)  

Foster/Adoption 273 (28.21) 173 (26.80) 100 (31.04)  

Others†    37   (3.84) 27 (4.18)   10   (3.14)  

Clinical Characteristics, N(%) 

Prior Medication Use
±
       

ADHD Medication 519 (53.67) 339 (52.58) 180 (55.82) 0.341 

Antidepressant(SSRI/SNRI) 288 (29.73) 184 (28.60) 103 (31.97) 0.281 

Antidepressant(TCA)   18  (1.81)   11   (1.78)     6   (1.89) 0.905 

Others†† 155 (16.05) 113 (17.57)   42 (13.03) 0.070 

Lithium   77   (7.93)   51  (7.93)   26   (7.93) 0.999 

  Mood Stabilizer/  

Anticonvulsant 

134 (13.83)   93 (14.41)    41 (12.68) 
0.461 

Prior Mental Health-Related Diagnosis (Non-mutually exclusive category)
±
  

Schizophrenia 7 (0.74) 4 (0.63) 3 (0.95) 0.589 

Bipolar disorder 3 (0.31) 2 (0.35) 1 (0.22) 0.720 

Depression 10 (1.02) 7 (1.05) 3 (0.97) 0.907 

Anxiety 64 (6.60) 42 (6.49) 22 (6.83) 0.839 

Conduct disorder    11   (1.12)     7   (1.07)      4  (1.23) 0.854 

Impulse control disorder      8   (0.80)     6   (0.96)      2  (0.50) 0.455 

Oppositional defiant disorder    27   (2.83)   17   (2.64)    10   (3.22) 0.607 

ADHD  181 (18.67) 118 (18.33)    63 (19.36) 0.697 

Year of CME Enrollment, N (%)     

2009   31   (3.17)   10   (1.63) 20   (6.26) <.001 

2010 218 (22.55) 143 (22.27) 75 (23.18) 0.766 

2011 241 (24.96) 163 (25.31) 78 (24.25) 0.719 

2012 251 (25.92) 181 (28.18) 69 (21.41) 0.024 

2013 226 (23.40) 146 (22.62) 81 (24.97) 0.416 
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Appendix 3 Numbers of Antipsychotic Prescriptions One-Year Pre and Post CME 

Among ITPW-adjusted CME and non-CME Youth, by Medication 
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Appendix 4 Characteristics of CME Youth Who Were Antipsychotic and 

Non-antipsychotic Users in the Full Analytic Samples (Unweighted) 

 
ADHD Attention-deficit/hyperactivity disorder, TCA Tricyclic antidepressants, TANF Temporary Assistance for Needy Families, SSI  

Supplemental Security Income 

*The category is based on Maryland Medicaid Management Information System (MMIS). 
± One year prior to the index date.  
†
 Others include home and community based services (HCBS) waivers, federal poverty level (FPL) up to 138 percent, pregnant 

woman and Maryland children’s health program (PW/MCHP), and long-term care.  
††

 Others: bupropion, mirtazapine, nefazodone, and trazodone. 

 

Non-antipsychotic 

users (N=394) 

Antipsychotic 

users  (N=315) 
P-value 

Demographic Characteristics, N(%) 

   Age (Mean, SD) 14.1 (3.1) 14.0 (3.0) 0.537 

Gender       

Female 160 (40.61) 129 (40.95) 0.926 

Male 234 (59.39) 186 (59.05)   

Race        

Black 266 (67.51) 183 (58.10) 0.034 

Other 18 (4.57) 20 (6.35)   

White 110 (27.92) 112 (35.56)   

Medicaid Coverage Group at Index Date*   <.001  

SSI 91 (23.10) 89 (28.25)  

TANF 137 (34.77) 53 (16.83)  

Foster/Adoption 118 (29.95) 122 (38.73)  

Others† 48 (12.18) 51 (16.19)  

Clinical Characteristics, N(%)      

Prior Medication Use       

ADHD Medication 140 (35.53) 192 (60.95) <.001 

Antidepressant(SSRI/SNRI) 108 (27.41) 133 (42.22) <.001 

Antidepressant(TCA) 1 (0.25) 4 (1.27) 0.108 

Others†† 47 (11.93) 54 (17.14) 0.048 

Lithium 26 (6.60) 36 (11.43) 0.024 

 Mood Stabilizer/ 

       Anticonvulsant 

34 (8.63) 50 (15.87) 
0.003 

Prior Mental Health-Related Diagnosis      

Schizophrenia 1 (0.25) 4 (1.27) 0.108 

Bipolar disorder 0 (0)  1 (0.32) - 

Depression 5 (1.27) 4 (1.27) >0.999 

Anxiety 20 (5.08) 30 (9.52) 0.022 

Conduct disorder 2 (0.51) 4 (1.27) 0.271 

Impulse control disorder 5 (1.27) 3 (0.95) 0.692 

Oppositional defiant disorder 15 (3.81) 15 (4.76) 0.530 

ADHD 54 (13.71) 70 (22.22) 0.003 

Year of CME Enrollment, N(%)       

2009 10 (2.54) 7 (2.22) 0.785 

2010 63 (15.99) 74 (23.49) 0.012 

2011 81 (20.56) 82 (26.03) 0.085 

2012 104 (26.40) 69 (21.91) 0.167 

2013 136 (34.52) 83 (26.35) 0.019 
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Appendix 5 Logistic Regression Model on Missingness of CME Discharge Date 
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Appendix 6 Type of Providers in Mental Health-Related Hospitalization and Outpatient 

Visit During the Study Period  
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Appendix 7 List of Drug by Therapeutic Class 
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Appendix 8 Percentages of Any Non-Mental Health Related Emergency Department 

Visit, Hospitalization, and Outpatient Visit Within One Year Pre and Post CME Discharge 
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Appendix 9 Difference-in-Difference Beta Estimates and Standard Error of the Impact of 

the CME Care Model on Any Healthcare Resource Utilization (Part 1 of the Two-part 

Model) 
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Appendix 10 Beta Coefficient and Standard Error of Number of ED Visit, 

Hospitalization, and Outpatient Visit Among CME and Non-CME Youth (Part 2 of the 

Two-part Model) 
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