
 

 

Reducing Cardiovascular Risk in Adults with Serious Mental Illness 1 

NCT # 02451670 2 

10.23.2014 3 

  4 



 

 

Project Narrative 5 

People with serious mental illness (SMI; schizophrenia, schizoaffective disorder, or bipolar disorder) die an 6 
average of 25 years earlier than their peers, and cardiovascular (CV) disease is the leading cause of death. 7 
Primary care providers are not adequately aware of the significantly increased CV risk in patients with SMI, 8 
and, even when CV risk factors are identified, often do not take appropriate clinical actions. This project will 9 
test the ability of an electronic medical record-based clinical decision support system to help primary care 10 
providers identify, provide more appropriate care for, and control CV risk factors for patients with SMI.    11 



 

 

Project Summary 12 

People with serious mental illness (SMI) (schizophrenia, schizoaffective disorder, bipolar disorder) die 25 years 13 
earlier than their peers, and cardiovascular (CV) disease is the leading cause of death. Primary care providers 14 
(PCPs) often are not aware of the significantly increased CV risk in patients with SMI and, even when CV risk 15 
factors are identified, appropriate clinical actions often are not provided.  Electronic medical record (EMR)-16 
based clinical decision support (CDS) delivered at a clinical encounter may be a powerful tool to help primary 17 
care providers (PCPs) identify and control CV risk factors in patients with SMI.   18 

This proposal will adapt a point-of-care EMR-based CDS system (CV Wizard) to help PCPs identify, provide 19 
appropriate care for, and control CV risk factors for patients with SMI.  CV Wizard is designed to educate PCPs 20 
about the increased risk of CV disease and mortality in people with SMI, identify elevated CV risk factors in 21 
patients with SMI, prioritize these CV risks based on how much improvement in CV risk a patient would 22 
experience if the CV risk factor was adequately addressed, recommend specific medications and other 23 
interventions to decrease each elevated CV risk factor, and provide this information in an easy-to-understand 24 
format for both patients with SMI and their PCPs.  For those patients who are on the SMI medications most 25 
associated with weight gain, they will be able to work with a psychiatric care manager who, under the 26 
supervision of the patient’s treating psychiatrist and with the consent of the patient, will switch the SMI 27 
medication to one less associated with weight gain.  The effectiveness of this intervention will be assessed in a 28 
clinic-randomized trial with 52 primary care clinics, 150 PCPs, and about 2,250 adults with SMI.  We 29 
hypothesize that, relative to patients with SMI receiving care in control clinics, those in the CV Wizard clinics 30 
will have (a) reduced total modifiable CV risk; (b) better control of six individual modifiable CV risk factors, 31 
including blood pressure, lipids, tobacco use, aspirin use, overweight/obesity, and, for those with diabetes, 32 
glucose control, and (c) lower rates of prescriptions of SMI medications that are most associated with weight 33 
gain.  In secondary analyses, we will also explore the impact of CV Wizard and care management on CV risk 34 
factor identification, treatment initiation and intensification; medication adherence; outpatient and inpatient 35 
utilization; risky prescribing events; and CV events.    36 

This study targets an important area of research that is a priority for the National Institute of Mental Health, our 37 
health system partners, and our external stakeholder advisory board; leverages previous infrastructure 38 
investments in the Mental Health Research Network; and capitalizes on the expertise of our researchers.  39 
Developing an effective EMR-driven point-of-care CDS strategy that identifies and prioritizes available 40 
treatment options to better address uncontrolled CV risk factors in adults with SMI is a critical next step to 41 
improving the health and reducing the CV risk of this medically underserved population.   42 



 

 

A Randomized Clinical Trial to Reduce Cardiovascular Risk in Adults with SMI 43 
Specific Aims 44 
People with serious mental illness (SMI) (schizophrenia, schizoaffective disorder, bipolar disorder) die, on 45 
average, 25 years earlier than their peers. Cardiovascular (CV) disease is the predominant cause.1 Primary 46 
care providers (PCPs) are not adequately aware of the significantly increased CV risk in patients with SMI and, 47 
even when they do identify elevated CV risk factors, often do not take appropriate clinical actions.2-4 Electronic 48 
medical record (EMR)-based clinical decision support (CDS) can identify at-risk patients with SMI and 49 
systematically prompt more effective treatment of their CV risk factors, but its potential has been largely 50 
untapped. The objectives of this project are to improve CV risk factor care in patients with SMI through a 51 
pragmatic trial of a point-of-care EMR-based CDS (referred to as “CV Wizard”) and a nurse care manager.  52 
The trial will be conducted in over 50 “real world” primary care clinics in three large healthcare systems.   53 

In Phase 1 of the project, we will: (a) extend our EMR CDS algorithms, which were successfully used in a 54 
population of adults with diabetes,5 including a small subset of those with modifiable CV risk and SMI, to (i) 55 
identify people with SMI and (ii) identify elevated CV risk and available treatment options; (b) develop 56 
algorithms prioritizing these options for a specific patient at each clinic visit (including possible referral to a 57 
psychiatric nurse care manager to assist with changing the antipsychotic regimen); (c) develop an effective 58 
interface to communicate this information to patients and PCPs, including specific “what drug, what dose” 59 
recommendations; (d) train nurse care managers to act liaisons between primary care and behavioral health, 60 
and assist patients in switching their obesogenic SMI medications to those with less risk, when appropriate; (e) 61 
tailor the CV Wizard to interface correctly with the EMR at each study site; and (f) develop office systems that 62 
orchestrate nurse and PCP actions to reinforce consistent ongoing use of this novel intervention. 63 

In Phase 2, primary care clinics will be randomly assigned to receive or not receive the intervention with 64 
staggered fashion, allowing each site to learn lessons from the site(s) implementing before it and increasing 65 
efficiency.  This randomized trial will test the hypothesis that compared with usual care, the intervention will 66 
significantly reduce CV risk and improve care and control of specific CV risk components (blood pressure, lipid 67 
levels, glycosylated hemoglobin, smoking, obesity, aspirin use) in adults with SMI.     68 

Phase 3 of the project includes (a) analysis of clinical effectiveness, (b) secondary analyses to identify 69 
mediators and modifiers of the impact of the intervention, and (c) dissemination and spread of the most 70 
successful aspects of the intervention model. To achieve these objectives, we propose these specific aims: 71 

Primary Aim.  To assess the impact of CV Wizard and psychiatric nurse care management on CV risk factor 72 
control and appropriate SMI medication use in adults with SMI.   73 

Hypothesis 1. Adults with SMI receiving care in intervention clinics will have lower total modifiable CV risk 74 
12 months post-index than those receiving care in control clinics.   75 

Hypothesis 2. Adults with SMI receiving care in intervention clinics will have better control of specific 76 
modifiable CV risk factors 12 months post-index than those receiving care in control clinics.   77 

Hypothesis 3. Adults with SMI receiving care in intervention clinics will have lower rates of prescriptions for 78 
obesogenic SMI medications 12 months post-index than those receiving care in control clinics.  79 

Secondary Aim. To explore the impact of CV Wizard and psychiatric nurse care management on CV risk 80 
factor identification, treatment initiation and intensification; medication adherence; outpatient and inpatient 81 
utilization; risky prescribing events; and CV events.    82 

This project targets an important clinical domain that is a priority of NIMH, our health system partners, and our 83 
external stakeholder advisory board, leverages previous MHRN infrastructure investments, and capitalizes on 84 
the expertise of MHRN researchers.  It also builds on a decade of our team’s NIH-funded work in CV disease, 85 
diabetes, mental illness, and CDS development and implementation. Developing an effective EMR-driven 86 
point-of-care CDS strategy that identifies and prioritizes available treatment options to better address 87 
uncontrolled CV risk factors in adults with SMI is a critical next step to improving the health and reducing the 88 
CV risk of this medically underserved population. In addition to data from the EMR and claims, we will interview 89 
adults with SMI about other potential contributors to CV risk and their experiences with the intervention.  90 
Therefore, regardless of the specific results of the project, we will collect crucial information to improve the CV 91 
health and inform future interventions in this area of immense importance to the health of adults with SMI. 92 



 

 

 93 

Research Strategy 94 

SIGNIFICANCE  95 
People with serious mental illness (SMI) die, on average, 25 years younger than age- and gender-matched 96 
patients without SMI.1 Medical illness accounts for 60% of premature death in SMI, while suicide and injury 97 
account for 30% to 40%.1 Cardiovascular (CV) disease is the leading cause of death in adults with SMI.1 98 
People with schizophrenia die of CV disease at 2.3 times the rate in the general population, and more than 99 
two-thirds of people with schizophrenia die of coronary heart disease.6, 7 The relative risk for individual CV risk 100 
factors in patients with SMI compared with the general population is 1.5-2 for obesity, 2-3 for smoking, 2 for 101 
diabetes, and up to 5 for dyslipidemia.8, 9 Druss et al found that the presence of a mental disorder was 102 
associated with a 19% increase in 1-year risk of mortality (HR 1.19; 95% CI,1.04-1.36), and that this excess 103 
mortality was accounted for in large part by deficits in quality of preventive medical care.10 In a study of 104 
patients enrolled in Minnesota health care programs from 2003 to 2007, women with SMI died at a median age 105 
of 63 years, compared with 85 years for controls; men with SMI died at a median age of 53 years, compared 106 
with 74 years for controls.11 Examining the 387 people in this cohort who died of CV disease, patients with SMI 107 
died at a median age of 56 years, compared with 83 years in controls—an average of 27 years of life lost.11  108 

Complex combinations of behavioral, pathophysiologic, care-delivery system, provider, and medication-related 109 
factors are likely involved in the association between SMI and CV disease. Behavioral factors include 110 
significantly increased rates of obesity, metabolic syndrome, sedentary lifestyle, poor diet, smoking, treatment 111 
nonadherence, and decreased likelihood of seeking or obtaining preventive or medical care in those with SMI.1, 112 
4, 12-20  Pathophysiological factors include increased platelet reactivity, endothelial dysfunction, autonomic 113 
dysfunction, hypercortisolemia, abnormal immune system activation, and increased QT-interval variability in 114 
adults with SMI, and elevated systolic blood pressure (SBP) in patients with bipolar disorder who are manic, all 115 
of which may promote heart disease via pro-atherogenic, pro-ischemic, or pro-arrhythmic processes.21-24 Care 116 
delivery system and provider factors include provider discomfort in treating patients with mental illness, poor 117 
coordination and continuity of care among providers, and a decreased tendency to recognize and adequately 118 
treat risk factors for CV disease in patients with SMI. Although the American Diabetes Association published a 119 
consensus guideline for monitoring patients on antipsychotic medications, it is seldom followed.1, 25 Patients 120 
with mental illness continue to receive substandard care, including lower rates of CV procedures once medical 121 
care is sought.26-28 Medication-related factors are complex, and the effects of SMI medication on CV disease 122 
are not well understood. Lithium and valproic acid, the most widely used mood stabilizers, are associated with 123 
weight gain. In addition, valproic acid has been associated with insulin resistance and hyperlipidemia,22, 29 while 124 
lithium may affect cardiac conduction and renal function.30 Second-generation antipsychotic medications are 125 
widely used, and many cause weight gain, insulin resistance, diabetes, dyslipidemia, and metabolic 126 
syndrome.1 Antipsychotics have also been associated with QT-interval prolongation, orthostatic hypotension 127 
and, rarely, torsade de pointes.31 Despite these cardiac effects, non-suicide and CV mortality rates appear to 128 
be lower in patients with SMI who take these medications long-term.32, 33 This may be in part related to SMI 129 
medications’ normalization of autonomic tone, which could decrease the risk of myocardial infarction.34, 35    130 

In summary, those with SMI bear a huge excess risk of CV events and mortality that is multifactorial in origin. 131 
The problem deserves attention, and EMR-based CDS is a promising strategy to remedy several of the 132 
causes.  Given the combination of behavioral and biomedical mechanisms linking SMI and CV risk, targets for 133 
interventions to reduce CV risk include both changing health behaviors (diet, physical activity, smoking) and 134 
improving medical control of modifiable risk factors (hyperglycemia, hyperlipidemia, hypertension, aspirin use).  135 
Recent research demonstrates that intensive behavioral interventions proven effective in the general 136 
population36, 37 are also effective in people living with SMI.38  The trial proposed here addresses a parallel 137 
question: Can a clinical decision support intervention proven effective in people with diabetes help to control 138 
cardiovascular risk factors in people living with SMI? 139 

INNOVATION 140 
Innovation in Adult SMI Care. Patients with SMI have exceedingly high CV event rates, which contribute to a 141 
shortened life expectancy. However, health care systems have only recently become aware of this and are 142 
now prioritizing doing something about it. However, they aren’t sure what to do. The proposed EMR-based 143 
CDS (CV Wizard) represents a novel and innovative way to allow care systems to systematically address 144 



 

 

uncontrolled CV risk factors in patients with SMI, who have multiple barriers to the receipt of standard 145 
recommended care for their medical illnesses. CV Wizard has potential to reduce disparities in care by 146 
increasing PCP awareness of this issue, providing timely identification and prioritized evidence-based 147 
treatment recommendations to control CV risk factors, and facilitate actively engaging patients in their care.   148 

Innovations in Decreasing Use of Antipsychotics with Increased Cardiometabolic Risks. SMI 149 
medications contribute unequally to cardiometabolic risk. Certain SMI medications (most notably valproic acid, 150 
olanzapine, clozapine, thioridazine and chlorpromazine) can cause significant weight gain, often with 151 
associated changes in insulin resistance and lipid metabolism.13, 39 Significant weight gain has also been 152 
reported, albeit to a smaller degree, with lithium, quetiapine and risperidone, while molindone, ziprasidone, 153 
aripiprazole, fluphenazine, haloperidol, pimozide, and loxapine appear to cause the least amount of weight 154 
gain in adults with SMI.40-42 In the CAFÉ trial, patients who received olanzapine gained an average of 11.0 kg 155 
in 4 months, while those who received risperidone gained 6.4 kg, and those with quetiapine gained 5.5 kg.43 156 
Similarly, in the CATIE trial, 30% of patients randomized to olanzapine gained >7% of their body weight over 157 
18 months or time of discontinuation, compared to 16% for quetiapine, 14% for risperidone, and 7% for 158 
ziprasidone.35 Given these differences between SMI medications, our innovative intervention 1) uses existing 159 
EMR data to identify patients with SMI taking obesogenic SMI medications who have (a) increased their body 160 
weight >7% in the previous 12 months (similar to what was used in an HMORN pilot project,44 allowing us to 161 
use these developed tools), or (b) who have a BMI>35 kg/m2;  and 2) refers such patients to a psychiatric 162 
nurse care manager who will act as a liaison between the patient’s primary care and behavioral health 163 
providers, implementing protocol-based medication transitions.   164 

Innovative Model for Protocolized Pharmacotherapy.  Traditional research models for delivering 165 
protocolized pharmacotherapy rely on specialized clinicians working in research clinics.  The high cost and 166 
limited reach of this approach make it impractical for large-scale pragmatic trials, and such a model is certainly 167 
not viable for widespread dissemination or implementation.  The proposed trial will implement and evaluate an 168 
alternative model for delivery of protocolized pharmacotherapy supported by a psychiatric nurse care manager 169 
and by workflow changes in the primary care clinic to support treatment recommendations.    170 

Technical Innovations. The potential for EMR technology to improve clinical care and accelerate translation 171 
of evidence into practice has been widely recognized, but few studies of EMR-based CDS have shown positive 172 
results with respect to mental health care. Most previous EMR-based CDS interventions have failed for two 173 
principal reasons: (a) PCPs have not accessed the CDS information in a timely fashion, and (b) the CDS has 174 
been limited to simple prompts or reminders.45, 46 This project addresses these limitations by applying these 175 
innovative approaches: 1) The CDS goes beyond simple computer prompts and reminders to provide more 176 
sophisticated, patient-specific CDS, considering previous CV risk factor values, diagnoses, and medications 177 
and making guideline-standardized yet personalized recommendations for a range of clinical actions at the 178 
point of care; 2) The CDS is provided to both the patient and primary care physician (PCP) early in the 179 
encounter and supported by changes in clinic workflows and team responsibilities previously shown to 180 
increase the likelihood that PCPs will use the CDS in a timely and sustained fashion;47 3) The CDS algorithms 181 
are implemented in a Web service linked to the EMR, simplifying clinical updates over time and increasing 182 
scalability of the intervention to other medical groups with other types of EMRs and additional mental health 183 
conditions in the future; 4) The CDS includes intuitive provider and patient interfaces developed to clearly 184 
identify high-benefit clinical or lifestyle actions that can substantively reduce CV risk and efficiently elicit patient 185 
treatment preferences. 5) The intervention is also novel in systematically recognizing patients with SMI and 186 
efficiently triggering the CDS tool. 187 

Innovations Related to Future Research and Implementation. Finally, the prioritization and treatment 188 
algorithms and Web site developed in this project can support many other applications (e.g., mapping quality of 189 
care for people with SMI at the provider or clinic level, supporting “patient-direct” applications to inform patient 190 
selection of treatment options, or reaching patients through the Internet). This project builds on our team’s 191 
previous successful efforts to use CDS to support goal-based guidelines47 and extends that technology—192 
already proven to improve blood pressure (BP) and glucose control in people with diabetes—to a new target 193 
population: people with SMI.  194 

APPROACH 195 



 

 

Preliminary Studies 196 
Previous Experience: Our multidisciplinary research team has extensive experience and expertise in chronic 197 
disease, cardiology, primary care, mental health, CDS system design and implementation, and best-practices 198 
dissemination and implementation. The PI, Dr. Rossom, is an experienced psychiatrist who has led studies of 199 
the mortality associated with antipsychotics in elderly patients with dementia is an investigator on National 200 
Institutes of Health-sponsored studies of selective serotonin reuptake inhibitor use and suicide behaviors, a 201 
statewide initiative to implement best-practice models for depression care, a pragmatic trial to prevent suicide, 202 
the association between suicidal ideation and behavior, predictors of high-value treatments for mood disorders, 203 
and the association between chronic kidney disease and cognitive impairment (3U19CA079689, 204 
1U19MH092201, 1UH2AT007755, 3U19M092201, 5R01MH080692, R01AG037551). She is also an 205 
investigator for a CMS-funded program involving care management of depression, diabetes, heart disease, 206 
and substance abuse across seven states (1C1CMS331048). Drs. O’Connor and Crain are conducting several 207 
federally funded randomized clinical trials of CDS tools for adults with major CV risk factors (HL102144, 208 
DK068314). Dr. Waring has research experience in primary care of mental illness, dementia, and rural 209 
healthcare, and is currently involved in a pilot study to develop a CDS system to improve primary care of 210 
dementia.48-52 Dr. Owen-Smith has researched medical care for minority and other underserved populations 211 
and depression in medically ill patients.53-56 Consultant Dr. Russell Luepker is a cardiologist with experience in 212 
evaluation and treatment of CV risk factors and disease and is chair of the Framingham Heart Study and 213 
Honolulu Heart Study Advisory Boards.57-59 Consultant Dr. Ben Druss is a psychiatrist with experience in the 214 
evaluation and treatment of patients with SMI and a nationally recognized expert in the medical care of patients 215 
with mental illness.10, 18, 60-66 Our team’s previous and ongoing work in both mental health and cardiometabolic 216 
conditions (we have collectively written more than 500 articles and dozens of clinical guidelines) makes us 217 
uniquely well qualified to successfully conduct the proposed project. 218 

Pilot Data: To assess the likelihood that the proposed intervention would be effective for adults with SMI, we 219 
examined the effect of an earlier CDS tool used with adults with diabetes at HealthPartners.47 To provide pilot 220 
data for this proposal, we identified the subset of patients with diabetes and bipolar disorder (N=41) or 221 
schizophrenia (N=43). Due to the diabetes requirement, these patients had a mean age of 59 years, and 61% 222 
were female. In patients with bipolar disorder randomly assigned to the intervention group, A1c values declined 223 
by an absolute 0.8%, SBP by 9.4 mm Hg, diastolic BP (DBP) by 7.3 mm Hg, and low-density lipoprotein (LDL) 224 
cholesterol by 6.2 mg/dL at 18-months. Likewise, in patients with schizophrenia randomly assigned to the 225 
intervention group, A1c values declined by 0.7%, SBP by 11.8 mm Hg, DBP by 8.8 mm Hg, and LDL by 20.1 226 
mg/dL. Patients with SMI in the control group started from different baseline values and had much smaller 227 
improvements in these CV risk factors (for control patients with bipolar disorder, A1c values increased by 228 
0.2%, while SBP decreased by 3.3 mm Hg, DBP by 1.9 mm Hg, and LDL by 9.1 mg/dl at 18-month follow up; 229 
for control patients with schizophrenia, A1c values were unchanged, while SBP decreased by 3.9 mm Hg, DBP 230 
by 3.5 mm Hg, and LDL by 10.3 mg/dL over the same period). The notable improvement in CV risk measures 231 
in this small group of SMI patients with diabetes suggests that PCPs were able to use such CDS tools in the 232 
care of adults with SMI, that the patients with SMI were able to respond to this intervention in the desired way, 233 
and that this type of intervention may be strong enough to effect clinically significant improvements in the 234 
identification and control of key CV risk factors in adults with SMI.   235 

Preliminary Assessment of Study Population: Preliminary data (Table 1) were collected at HealthPartners 236 
over 2 years to assess the feasibility of a significant reduction in CV risk among patients with SMI in the 237 
proposed trial. Although many SMI patients likely have BP<130/80 and LDL<130 mg/dL, about two-thirds have 238 
uncontrolled CV risk factors (especially smoking, hyperglycemia, and overweight/obesity) at any point. 239 

Table 1. Description of Adults Age 18 and Older with SMI at HealthPartners Medical Group, 2009-2010. 

Condition N 
Mean  
Age 

Mean Weight 
(lbs) 

Smoker 
(%) 

Hyperglycemia 
(%)

2
 

Dyslipidemia 
(mg/dL)

3
 

Elevated BP 
(%)

4
 

Bipolar disorder 1,871 43.3 196 39.5 15.4 2.9 7.7 

Schizophrenia 469 50.4 193 45.6 25.4 3.2 10.5 

Schizoaffective  570 48.2 206 40.3 27.4 3.7 8.4 

Total 2,825 45.3 198 40.5 19.3 3.1 8.2 
1
Patients with missing data are not included in denominator. 

2
Defined as A1c >= 6% or fasting glucose>=100 mg/dL on most 

recent observation. 
3
Defined as LDL >130 mg/dL. 

4
Defined as SBP >140 mmHg.   
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75 Primary Care Physicians 
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Patient-level assessment of clinical and utilization outcomes 
 

CV Wizard 
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52 Primary Care Clinics 

Figure 1. Study Design for Group-Randomized Trial. 

METHODS 240 

Study Overview: In this cluster-randomized clinical trial, at least 52 primary care clinics at 3 Mental Health 241 
Research Network (MHRN) organizations will be blocked within organization on size and characteristics of 242 
patients with SMI and then randomly assigned 1:1 to CV Wizard or control clinics (Figure 1). All consenting 243 
PCPs will be allocated to the same study arm 244 
as their clinic, and the estimated 15 eligible 245 
adults with SMI under the care of each PCP 246 
will be allocated to the same study arm as 247 
their PCP. 248 

Study Sites: This study will be conducted at 249 
the primary care clinics of 3 organizations: 250 
HealthPartners Medical Group (HPMG) is a 251 
large multispecialty group that provides care to 252 
300,000 adults at 24 clinics throughout the 253 
Twin Cities, including 2,825 adults diagnosed 254 
with SMI.  Leaders at HPMG have committed 255 
18 primary care clinics to the project. 256 

Kaiser Permanente of Georgia (KPGA) 257 
provides care to 244,000 adults at 27 clinics, 258 
including about 3,400 with SMI. KPGA clinical 259 
leaders have committed 18 clinics with about 260 
3100 patients with SMI to this project. 261 

Essentia Health (EH) is a multispecialty integrated healthcare provider with clinics across Wisconsin, 262 
Minnesota, North Dakota, and Idaho.  EH serves a primarily rural population of over 900,000, including 5,200 263 
adults with SMI.  Clinic leaders at Essentia have committed 16 clinics to this project.  Like HPMG and KPGA, 264 
EH uses EpicCare EMR.   265 

Study Participants: PCPs and Patients: To participate, PCPs must practice at a randomized primary care 266 
clinic and: (a) be a general internist, family physician, or adult-care non-obstetric nurse practitioner, (b) provide 267 
ongoing primary care for six or more adults with SMI in 2012, and (c) provide written informed consent to 268 
participate in the study. About 385 eligible PCPs practice at the clinics. We anticipate, based on experience, 269 
that we will successfully recruit 150 PCPs (75 per arm). This feasible recruitment target ensures that subgroup 270 
analyses (eg, based on gender, age) will be adequately powered and that the intervention strategy is suitable 271 
for use by a large, representative segment of PCPs. 272 

To be included in the primary aim analysis, patients must meet the study criteria for diagnosed SMI (one 273 
inpatient or two outpatient ICD-9 codes for schizophrenia, schizoaffective disorder or bipolar disorder and: (a) 274 
be >17 years and <80 years, (b) have a Charlson comorbidity score of 3 or less, (c) be linked to a consented 275 
PCP, and (d) have at least one primary care visit with a consented PCP in the 12 months prior to clinic 276 
randomization.  Based on preliminary HPMG data (Table 1), we estimate that 75% of adult patients with SMI 277 
visit a PCP at a participating clinic each year. We estimate that 95% of adults with SMI have Charlson scores 278 
<3, and 95% are <80. We anticipate up to 10% to 20% per year disenrollment and a 1% to 2% per year death 279 
rate of adults with SMI. Few patients with SMI at our study sites switch clinics, and our algorithms accurately 280 
match over 95% of patients to a regular PCP. Ultimately, after accounting for all exclusions, we anticipate about 281 
N≈2,100/140≈15 adults with SMI per eligible PCP will be study-eligible at HPMG.  In the 52 randomized clinics, 282 
we anticipate including data from about N≈150 PCPs * 15 adults per PCP≈2,250 patients with SMI in the 283 
primary analysis. We will request a waiver of informed consent for patients from the IRB because the care 284 
recommendations in the CV Wizard intervention are limited to evidence-based care from current national and 285 
regional clinical guidelines. In the past, the IRB has waived consent in similar circumstances. Moreover, the 286 
CDS algorithms identify potentially risky treatment strategies (eg, use of a diuretic with lithium; full list to be 287 
developed in Phase 1), further reducing risks to patients with SMI.  We describe in detail below how the 288 
proposed research satisfies criteria in 45 CFR 46 for waiver of informed consent. 289 

Design, Implementation, and Use of CV Wizard Intervention. CV Wizard is rooted in a series of antecedent 290 
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and all appropriate treatment 
options 
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dose) 
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treatment options prioritized by benefit 
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Take printed sheet home as decision 
aid and reconsider new set of priorities 
at next visit 

Include advice on weight management 
and physical activity, including referral 
to nurse practitioner for smoking 
cessation and weight management 

Patient indicates preference for one or more treatment options and 
PCP responds. Process is iterative over the intervention period. 

Figure 2. Schematic Representation of Prioritized Clinical Decision Support (CV 
Wizard) Intervention Showing How Open Treatment Options are Identified, 
Prioritized, and Presented to Patients and Primary Care Physicians (PCPs) 

studies that have developed more limited but successful forms of CDS.5, 67 In our first phase, we will develop 291 
detailed algorithms that will operate in both the EMR and Web site to provide the necessary CDS (Figure 2).  292 

Step 1: Identify Eligible 293 
SMI Patients and their CV 294 
Risk Factors and Prioritize 295 
Management of Any that 296 
are Uncontrolled: Web-297 
based CDS algorithms 298 
estimate the patient’s 10-299 
year CV risk and quantify 300 
decreases in CV risk with 301 
appropriate management of 302 
out-of-control CV risk 303 
factors. CV risk is calculated 304 
based on the Framingham 305 
10-year CV Disease Risk 306 
Equation.68, 69  When 307 
measurements are not 308 
obtained within guideline-309 
recommended timeframes,25 310 
CV Wizard prompts PCPs to 311 
obtain them. CV risk will be 312 
conceptualized as a vector 313 
with two components: (a) an 314 
irreversible CV risk vector 315 
related to age and gender 316 
(and their interaction), and 317 
(b) a modifiable CV risk 318 
vector related to 319 
uncontrolled CV risk factors 320 
(potentially reversible if these risk factors were controlled). Component (b), modifiable CV risk, is composed of 321 
a vector for each uncontrolled CV risk factor of interest: BP, lipids, smoking, BMI, aspirin use, and glucose. The 322 
magnitude of the vectors determines its priority, with priority 1 (Figure 3) assigned to the risk factor with the 323 
greatest potential reduction in CV risk, and so forth for all uncontrolled CV risk factors.   324 

Appendix Figures 1 & 2 325 
show risk-estimation 326 
algorithms for BP and 327 
aspirin use developed in 328 
a previous project 329 
(HL102144). The drug 330 
effects expected from 331 
clinical actions for 332 
aspirin use and for all 333 
available BP, lipid, and 334 
glucose drugs,  have 335 
been previously 336 
quantified (HL102144) 337 
and are adjusted 338 
downward for patients 339 
already on intensive 340 
multidrug regimens for 341 
BP or glucose control.70, 342 
71 The previous work on 343 

Figure 3. Prototype of PCP Version of CV Wizard. 



 

 

these algorithms makes the proposed project feasible within the proposed timeline and increases the return to 344 
the funding agency for building this project on a strong foundation of previous research done by our team.    345 

Step 2. Identify Patients with SMI who May Benefit from SMI Medication Review, and Refer Them to 346 
Psychiatric Nurse Care Manager. The CDS algorithms identify patients who take selected medications for 347 
SMI and have gained >7% of their body weight in the previous 12 months or have a BMI >35.  The PCP, 348 
psychiatric nurse care manager, and treating psychiatrist (if in the same medical group) also receive the CDS 349 
information related to SMI medications and other CV risk factors. The PCP is prompted to inform the patient 350 
that a discussion of SMI medications with the nurse care manager and the treating psychiatrist may be 351 
indicated, and a referral to the nurse care manager is made. The nurse care manager facilitates 352 
communication among the patient, PCP, and behavioral health provider and, guided by treatment algorithms 353 
specific to bipolar disorder, schizophrenia, and schizophrenia, convey concerns about the SMI medication and 354 
possible alternatives to the treating psychiatrist. PCPs will not recommend changes in SMI medications.   355 

Step 3: Identify Available Treatment Options for Each Uncontrolled Modifiable CV Risk Factor: A second 356 
set of Web-based algorithms (example prototypes in Appendix Figures 1 and 2) identify evidence-based 357 
treatment options to address each uncontrolled CV risk factor. These algorithms have been tested in two 358 
previous research projects and are maintained on the Wizard Web service and updated (and revalidated) as 359 
needed to reflect changes in recommended treatments based on modifications in guidelines, evidence, and/or 360 
changes in FDA-indicated uses of certain drugs or classes of drugs.   361 

Pharmacologic treatment recommendations in CV Wizard are directed at CV risk factor control and based on 362 
(a) all current prescriptions for BP, lipid, and glucose-control medications and aspirin, smoking cessation 363 
medications, and obesogenic SMI medications, (b) available information on the patient’s renal or liver function, 364 
creatine kinase level, and established diagnoses of diabetes, congestive heart failure, or coronary heart 365 
disease, (c) personally assigned BP, A1c, and lipid goals based on comorbidity and other factors (risk of 366 
hypoglycemia, intensity of current glucose, BP or lipid regimen), and (d) medication allergies listed in the EMR. 367 
Medication recommendations are specific (what drug, what dose) and are based on evidence-based clinical 368 
protocols and decision rules developed by our team in previous research projects. These protocols and rules 369 
are derived from the evidence-based national and regional (Institute for Clinical Systems Improvement) clinical 370 
guidelines for glucose, BP, and lipid control, aspirin use, smoking cessation and obesity management.72-80   371 

If inappropriate, CV-related pharmacotherapy or risky prescribing events (including those related to SMI 372 
medications, such as concomitant use of lithium carbonate and a diuretic) are identified, CV Wizard will flag 373 
them and suggest alternative clinical actions (in the example, substitute a safer BP-lowering agent for the 374 
diuretic). A list of prescribing events and a protocol of pharmacotherapy intensification advice given for several 375 
hundred clinical scenarios has been tested in a previous project and reported by our group,81-83 and we will 376 
develop a similar list of risky prescribing events specific to the SMI population in phase 1 of this study.   377 

Lifestyle treatment recommendations are also provided, when appropriate. If lifestyle interventions are 378 
indicated for smoking or body mass index (BMI) management, and the patient indicates interest, the PCP uses 379 
a link in the CV Wizard to refer the patient directly to existing services at each site. Research shows that 380 
standard interventions for weight loss or smoking cessation are not often offered to patients with SMI, but that 381 
when they are, they can successfully make significant life changes.38, 84 In this project, the nurse care manager 382 
will receive training in weight management and tobacco cessation and reinforce them as indicated.     383 

Step 4: Present Prioritized CV Risk Reduction Options and SMI Treatment Review Recommendations 384 
to PCPs and Patients. Prioritized CDS is provided to PCPs and patients using tested interface formats and a 385 
sequence of office staff steps successfully implemented in previous studies. Participating PCPs and all 386 
rooming nurses in intervention clinics are trained to use the PCP and patient interfaces of CV Wizard, and will 387 
take the following steps at each visit: (i) After entering vital sign data, CV Wizard automatically presents the 388 
interface screen to the nurse (with no prompts or trigger needed). The rooming nurse prints the patient and 389 
PCP versions of the CDS sheet. (ii) If a patient’s mental and physical status appears stable, the nurse hands 390 
the patient sheet (Figure 4) and says, “This sheet shows how you can reduce your danger of a stroke or heart 391 
attack. Circle any of the things you might want to work on, and let the doctor know during your visit today.” (iii) 392 
A printed version of the PCP CDS (Figure 3) is placed in the basket outside the exam room for rapid review by 393 
the PCP before entering the exam room. If preferred, the PCP CDS interface is displayed on the EMR screen 394 



 

 

when the PCP enters the room and can be viewed by pressing a button on the EMR navigator bar. (iv) The 395 
PCP assesses patient preference for the prioritized CV risk-reduction options. If the patient wants to act on one 396 
or more, the PCP can address them immediately or schedule another visit.  397 

PCP Version. CDS provided to the PCP is very specific and identifies and prioritizes treatment options that 398 
will, if implemented successfully, reduce CV risk (Figure 3). If CV risk-reduction opportunities are identified, the 399 
CDS algorithms will specify either initiation or titration of specific drugs based on current medications, distance 400 
from goal, and other clinical and comorbidity considerations outlined above. The new interface developed for 401 
this project will include a special section reserved for SMI medication review, if indicated. The PCP views this 402 
interface before entering the exam room and uses it as a powerful visit-planning tool.  403 

Patient Version. The patient version 404 
has a visual display of risk derived 405 
from Framingham risk equations and 406 
other risk-estimation tools (Figure 407 
4).68, 85, 86 This has been used on a 408 
pilot basis in earlier studies, has 409 
been well-received by patients with 410 
and without SMI, does not heavily 411 
depend on numeracy, and has been 412 
shown to be strongly motivational.87-413 
89,90, 91  One display panel (not 414 
shown) is reserved to indicate 415 
whether a review of SMI medications 416 
may be beneficial. If so, the text will 417 
read “You may benefit from reviewing 418 
your psychiatric medication(s) with 419 
your psychiatrist. A nurse care 420 
manager will communicate with you 421 
in the next 2 weeks to discuss this.” 422 

Incorporating Patient Preference. 423 
A key design feature of the patient interface is the presentation of several prioritized treatment options directly 424 
to the patient for consideration. Patient preference is elicited simply by asking the patient if they are interested 425 
in any of the identified treatment options. Because patient readiness to take health-related actions varies with 426 
specific actions, offering several options improves the chance that a given patient may be interested in 427 
addressing at least one of them. Moreover, patient readiness to act is a key predictor of subsequent adherence 428 
and success of treatment, as we and others have shown.92-97  429 

Step 5: Nurse-Supported Medication Switch Protocol.  In the subset of patients for whom the Wizard 430 
recommends a change in antipsychotic or mood stabilizer medication, a copy of the PCP and patient interfaces 431 
are sent automatically to the psychiatric nurse care manager.  The psychiatric nurse care manager will (under 432 
supervision by and with the approval of the prescribing psychiatrist and consent of the patient) implement a 433 
step-wise medication transition protocol (developed in Phase 1) involving weekly standardized telephone 434 
assessments of potential adverse effects or indications of symptom breakthrough. In the subset of patients 435 
identified for psychiatric medication review, special attention will be given to SMI medication adherence and 436 
persistence, trajectory of CV risk factors, and frequency of mental health hospitalizations. However, substantial 437 
literature has documented the safety and effectiveness of psychiatric nurse care managers in the care of 438 
patients with depression and SMI.98-100 439 

Step 6: Strategies to Ensure High Use of CV Wizard. We will implement three strategies to ensure high use 440 
rates for CV Wizard: (A) The Wizard screen includes a visit-resolution form that invites the PCP to click, before 441 
closing the encounter, one of three boxes: (1) action taken based on Wizard recommendations, (2) other CV 442 
risk-reduction action taken, or (3) no CV risk-reduction action taken. If box (3) is clicked, another box must be 443 
clicked to indicate why no action was taken. This tool serves multiple purposes: it incentivizes the PCP to take 444 
action to avoid additional clicks, allows us to track the percentage of visits each intervention group PCP is 445 
using Wizard, and gives feedback to PCPs and clinic leaders on comparative use of CV Wizard. (B) 446 

Figure 4.  Prototype Patient Version of CV Wizard. 



 

 

Benchmarking feedback is given to PCPs on their use of CV Wizard, and medical group leaders at each site 447 
will communicate this feedback to each PCP by email every month. (C) Intervention clinics will modify nurse 448 
rooming procedures—a change authorized and supported by clinical leaders at each site. (D) The rooming 449 
nurses at each clinic will receive one-time compensation of $350 as a group if, in the first 6 months after CV 450 
Wizard implementation at their clinic, the CV Wizard interface sheets for the PCP and patient are printed at 451 
>80% of the visits of patients with SMI. In addition, each site will approve an explicit protocol for psychiatric 452 
nurse care manager communication with treating psychiatrists, PCPs, and patients. These strategies are 453 
designed to reinforce office nurse, PCP, and psychiatric nurse care manager adherence to study protocols.  454 

Step 7: Interactive Use of the CV Wizard CDS over a Series of Visits. PCPs will use CV Wizard repeatedly 455 
at all visits of eligible patients over the intervention period of 18-30 months, depending on site. Pilot data from 456 
HealthPartners indicate that adults with SMI who have a PCP (75% do) make an average of >5 primary care 457 
visits over 24 months, and those who can be engaged in CV risk-reduction activities may visit even more 458 
often.78, 101 We and others have shown that there is substantial relapse to uncontrolled risk-factor status (BP, 459 
lipids, smoking, aspirin use, and glucose control) over time. In diabetes patients, for example, about 30% of 460 
those with adequate glucose control relapse to elevated levels of glucose within 1 year.101 CV Wizard identifies 461 
and responds to any relapse in CV risk-factor control at each visit. Moreover, with respect to tobacco cessation 462 
or weight management, patient preferences are incorporated explicitly into the patient interface. For most 463 
patients with SMI in the study, PCPs will have multiple opportunities to consider and implement clinical actions 464 
to reduce CV risk over a series of visits during the intervention period. 465 

Implementation of CV Wizard Intervention 466 
In Phase 1, we will work closely with clinical leaders, clinic managers, programmers, and IT experts at each 467 
site to revise CV Wizard and refine the intervention protocol. Once the initial programming is complete, we will 468 
create a series of “dummy” patients with varying CV risk profiles (eg, elevated BP, smoking, candidates for 469 
change in psychotropic medications). Clinical investigators (Rossom, Druss, Luepker, and O’Connor) will test 470 
the functionality of our algorithms and assess the appropriateness of the CDS. After several rounds of testing 471 
and modifications, we will recruit three HealthPartners clinics not included in the study and pilot-test CV Wizard 472 
at each clinic for 4 weeks. Pilot-test PCPs and nurses will be asked to complete online surveys and provide 473 
within-Wizard feedback on their experience with the CDS tool, including the clinical plausibility and utility of 474 
prompts and their impact on clinic workflow. After pilot testing of CV Wizard, the project will enter Phase 2. 475 

Following block randomization of clinics at the start of Phase 2, we will train intervention clinics to use CV 476 
Wizard using strategies similar to those routinely used to introduce any new EMR functionality. These include 477 
group and individual meetings with all PCPs, rooming nurses, and other primary care clinic staff, and email 478 
reminders with links to a PowerPoint presentation demonstrating tool use. Training sessions via webinar will 479 
also be provided for psychiatrists at each site. Psychiatric nurse care managers will be trained separately by 480 
webinar in three sequential 4-hour trainings sessions that include site-specific methods to communicate with 481 
within- and outside-group treating psychiatrists. Training will be complete and CV Wizard fully implemented at 482 
all intervention clinics within 60 days of randomized group assignment of clinics at each site. Following 483 
implementation, all intervention clinic staff will receive monthly email feedback on use of CV Wizard. Surveys 484 
of all providers at intervention and control clinics to assess SMI-related knowledge and beliefs will be 485 
conducted at baseline and 12 months after clinic randomization. PCP survey data will be used to identify 486 
factors that may mediate the impact of CV Wizard.  487 

In addition, we will conduct surveys with a subset of subjects referred to the nurse care manager for 488 
medication review to determine: 1) satisfaction with the intervention; 2) their decision to continue current 489 
medications or switch medications, and why; 3) whether they felt included in medication and care decisions; 4) 490 
whether they perceived benefit from the intervention; 5) level of activity and quality of their diet; 6) what they 491 
identify as the most significant contributors to their weight gain; 7) whether they experienced adverse 492 
outcomes (eg, psychiatric destabilization and/or hospitalization); 8) perceived barriers in obtaining primary and 493 
mental health care; 9) suggestions for improving the EMR patient interface or the care manager intervention.    494 

Measurement of Dependent Variables 495 
CV Risk (Hypothesis 1). The Framingham 10-year CV Disease Risk Equation will be used to estimate the 10-496 
year CV risk for each adult patient with SMI102 and calculated every time a constituent modifiable risk factor is 497 
recorded in the EMR during the intervention period. An index CV risk score will be calculated from data 498 



 

 

elements valid at each patient’s first primary care visit after randomization of his/her primary care clinic. All 499 
patients who meet the study inclusion criteria and have an index modifiable CV risk score >0 will be included in 500 
the analytic dataset. At each encounter, we will extract from the EMR the most recent data elements for 501 
computing CV risk, looking back over a period appropriate for each risk component (ie, 12 months for A1c, BP, 502 
aspirin, smoking, BMI; 48 months for lipids). Risk factors that are unavailable and prevent CV risk calculation 503 
will be multiply imputed from a congenial imputation model (see “Missing Data” for details) so that CV risk 504 
scores may be calculated for all patients from updated valid and imputed risk factors. The series of CV risk 505 
scores will enable person-specific CV risk trajectories to be estimated and compared among patients treated in 506 
CV Wizard clinics relative to control clinics. A comparison of model-predicted 12-month post-index CV risk 507 
scores demonstrating lower modifiable CV risk in patients in the CV Wizard relative to control clinics will 508 
support the primary efficacy of Hypothesis 1. 509 

Modifiable CV Risk factors (Hypothesis 2). Each modifiable CV risk factor recorded in the EMR from those 510 
included in the index CV risk estimation through the end of the intervention period will be retained. Person-511 
specific trajectories for each risk factor will be estimated from EMR-recorded risk factors (ie, no imputed 512 
values) and compared across clinic-randomized treatment groups.  513 

Obesogenic SMI Medications. Each patient will be classified as having an open prescription for an 514 
obesogenic SMI medication at baseline if there was a combination of fill date and days’ supply for a defined set 515 
of obesogenic atypical antipsychotic or mood stabilizer medications that overlaps with the date of the patient’s 516 
first primary care visit after randomization of his/her primary care clinic. A comparable 12-month measure will 517 
be calculated. The obesogenic agents included in these calculations are valproic acid, olanzapine, clozapine, 518 
thioridazine, chlorpromazine, lithium, quetiapine, and risperidone. The proportion of patients with an open 519 
prescription for an obesogenic SMI medication will be compared across clinic-randomized treatment groups. 520 

Dependent Variables: Secondary Analyses. A detailed description of dependent variables that will be 521 
included in secondary analyses, some of which will pinpoint factors that mediate intervention efficacy is found 522 
in Appendix Table 1. We postulate that the benefits of CV Wizard will be mediated in part by higher rates of 523 
treatment intensification at visits with uncontrolled CV risk factors and will therefore assess (a) BP, glucose, 524 
and lipid treatment; and (b) BP, glucose, and lipid treatment intensification at visits with uncontrolled BP, 525 
glucose, or lipids. Additional mediating factors include (c) adherence to antipsychotics and mood stabilizers; 526 
and (d) number of outpatient and inpatient encounters (total and related to SMI), if CV Wizard increases 527 
number of outpatient visits, email visits, emergency department visits, or hospitalizations. CV Wizard might 528 
increase the frequency of inappropriate or risky drug prescribing; therefore, we will quantify occurrence of (e) 529 
potentially risky prescribing events using methods similar to those we previously published.81-83  Finally, EMR 530 
and claims data will quantify the occurrence and date of (f) major CV events (including fatal and nonfatal heart 531 
attack or stroke, total mortality, hospitalized congestive heart failure, and revascularization procedures) so that 532 
the occurrence and time to event can be assessed. It is unlikely that the study has power to detect changes in 533 
CV events, but we will assess available data in secondary analysis. 534 

Measurement of Independent Variables. (Detailed table found in Appendix Table 1) 535 
Primary Predictors. The primary predictor of CV risk trajectories is a binary indicator for whether the clinic in 536 
which the patient is seen was randomly assigned to the CV Wizard or control study arm. To test Hypotheses 1 537 
and 2, a second predictor will quantify the time elapsed from the patient’s first post-randomization clinic visit, at 538 
which time the index CV risk score was calculated, to each point-in-time CV risk score. For Hypothesis 3, a 539 
binary indicator will denote whether outcomes were assessed at index or 12 months later. 540 

Patient and Provider Characteristics. Patient and provider characteristics will be documented so we can 541 
assess the extent to which results apply to subgroups of patients or whether patient or provider characteristics 542 
modify intervention efficacy. Also, clinic randomization may induce random and selection-induced patient 543 
covariate imbalance, necessitating adjustment. Patient characteristics from the EMR (for patients) and health 544 
plan data sources (for member-patients) include: health plan enrollment and pharmacy coverage dates, 545 
demographics, pre-intervention comorbidities (derived from dated ICD-9 codes), vital signs, height, BMI, 546 
laboratory values, and prescribed and filled medications. Furthermore, primary care visit dates will link patients 547 
and PCPs. We will have complete data for a set of provider characteristics, including age, years since 548 
graduation, gender, full-time or part-time status, physician or allied provider (ie, nurse practitioner), specialty 549 
board certification status, years with HPMG/KPGA/Essentia, and number and proportion of patients with SMI.  550 



 

 

We will also collect data on the percentage of applicable encounters where CV Wizard was printed and/or 551 
viewed, and the percentage of encounters with an opened CV Wizard where CV risk factors were addressed. 552 

Analysis Plan. 553 
Hypotheses 1 and 2. H1 and H2 pertain to the efficacy of CV Wizard in improving CV risk and individual risk- 554 
factor trajectories. H1 and H2 will be tested using a random coefficients model in which estimated CV risk 555 
scores (H1) or factors (H2) will be predicted from clinic-randomized treatment group (WIZARD), time elapsed 556 
since index CV risk score (YEAR), and treatment-by-time interaction. The most basic form of the H1 and H2 557 
models will be:  CV riskkjit = 0000 + 1000WIZARDk + 0001YEARt + 1001WIZARDk*YEARt + 558 

2000KPGAk + 3000EHk + [wk000 + vkj00 + ukji0 + ukji1*YEARt + ekjit], 559 
where there are fixed effects for MHRN site; CV risk varies randomly across clinics (wk000), providers (vkjoo), 560 
patients (ukji0), and time (ekjit), and the relationship between time and CV risk varies randomly across patients 561 
(ukji1*YEARt). These outcomes are expected to be normally or binomially distributed, although the suitability of 562 
alternate distributions (eg, negative binomial) and link functions (eg, log) will be assessed should they depart 563 
from their expected distributions. YEAR will be coded on a linear scale [(days since index)/365.25] so 0=index 564 
and 1=12 months, which should be sufficient to model change in CV risk over time. Quadratic or cubic terms 565 
will be tested and added if CV risk trajectories are nonlinear. Parameter 0001 is expected to be near zero, 566 
indicating that, among control patients, CV risk did not change over time. Parameter 1001 quantifies the change 567 
in CV risk expected at 12 months (when YEAR=1) among WIZARD versus control  patients. If 1001 is 568 
significant, a planned contrast will test the difference in CV risk outcomes in WIZARD relative to control 569 
patients at 12 months. H1 and H2 will be supported if 1001 is significant and negative, and the planned contrast 570 
confirms lower predicted CV risk scores at 12 months in WIZARD versus control  patients. 571 

Hypothesis 3. The H3 analyses will predict the presence of an open prescription for an obesogenic SMI 572 
medication in patients with a 7% or more weight gain in the previous 12 months or whose most recent BMI >= 573 
35 kg/m2. Each patient will be included in the analysis for the time points at which they met either criterion. The 574 
likelihood of an obesogenic SMI medication will be predicted from clinic-randomized treatment group 575 
(WIZARD), assessment point (12m), and the treatment by assessment point interaction. The H3 model,  576 

Prob(obesogenic SMI medication)kjit = 0000 + 1000WIZARDk + 000112mt + 1001WIZARDk*12mt + 577 
2000KPGAk + 3000EHk + 0010BMI>35i + [wk000 + vkj00 + ukji0 + ekjit], 578 

will specify a binomial error distribution and logit link function, and account for whether the patient BMI >= 35 579 
kg/m2, in addition to the H1 and H2 model parameters. Due to clinic randomization, the likelihood of a patient 580 
taking one of these medications should be similar across treatment groups at index (non-significant 1000) and, 581 
without intervention, be stable over time (nonsignificant 0001). Parameter 1001 is expected to be significant and 582 
negative, implying that CV Wizard patients are less likely than control patients to have an open prescription for 583 
an obesogenic SMI medication 12 months after an index visit.  584 

Sample size justification. We conducted a power analysis with PinT software103 to estimate the standard 585 
error of random parameter 1001 in the H1 and H2 models so the regression parameter representing the 586 
minimum detectable standardized effect (MDSE) could be calculated. The H1 and H2 data will consist of about 587 
four CV risk observations per person per year (using Table 1 preliminary data) in each of about 2,250 patients 588 
with SMI receiving primary care in one of 52 randomly assigned clinics. The correlated sample size of N≈2,250 589 
was reduced to an equivalent independent sample size by dividing N by the design effect introduced by 590 
patients being clustered within clinics (Neff = N / [1 + (nclus – 1)]. The effective sample size Neff≈1,219 to 591 
1,582 (when =.01-.02), expected number of observations per person, and assumptions regarding the within-592 
person covariance matrix, the residual variance in CV risk (97.5% residual), and the random covariance matrix 593 
(proportion of residual variance in CV risk at person level, residual slope variance, intercept-slope covariance) 594 
formed the basis of power analyses for each CV risk factor. We assumed that the analytic model would explain 595 
2.5% of the variance in each outcome, and the proportion of variance at person and time levels of the model 596 
were based on preliminary data (eg, person-level ICCDBP = .35 through ICCweight = .88). The estimated standard 597 
errors of 1001 were .028 to .039, which implies MDSEs of d≈.047-.068 (power=.80, α2=.05). These estimates 598 
were consistent in a range of assumptions of patient sample size, person-level residual variance, slope 599 
variance, and intercept-slope covariance. Therefore, we anticipate the H1 and H2 analyses will be sufficiently 600 
powered to detect small differences (d<.10) in CV risk and CV risk factors among CV Wizard versus control 601 
patients 12 months after exposure to the intervention.  602 



 

 

For H3, we anticipate that 50% of adult patients with SMI will have experienced a 7% weight gain over 12 603 
months or have BMI >= 35 kg/m2 at any point. In our pilot, about 70% of patients with SMI were on an 604 
antipsychotic or a mood stabilizer, and about 40% of them were obesogenic. We expect, then, that without 605 
intervention, about 70%*40%≈30% of patients will have an open prescription for an obesogenic SMI 606 
medication at one point.  Assuming that the clinic-level ICCweight = .01 -.02 among the N≈2250*.50≈1,125 607 
patients eligible for inclusion at each point, Neff = 796-933. Comparison of CV Wizard to control patients will be 608 
powered to detect an absolute 8.0%-8.7% reduction (eg, 21.3%-22.0% CV Wizard vs. 30% control) in the 609 
proportion of patients with an open prescription for an obesogenic medication at 12 months.  610 

Missing data. Because all data elements will be drawn from EMR and health plan records, they will be high-611 
quality and available for virtually all patients. Missing data will be rare and can be assumed to be missing at 612 
random. The absence of measured risk factors necessary for computing 10-year CV risk will result from its lack 613 
of measurement. One concern regarding absent risk-factor measures (eg, LDL values) is that tests are more 614 
likely to be performed for patients with known or suspected medical conditions, creating an upward bias in CV 615 
risk estimates. There was no evidence of such bias in the central tendency or dispersion of the risk-factor 616 
distributions in the preliminary data. However, should the CV Wizard increase CV risk factor monitoring, we 617 
may conduct a secondary analysis on data from CV Wizard and control patients, propensity-matched on 618 
characteristics that assess primary care involvement primary care (eg, numbers of visits, tests, medications). 619 
Because 10-year CV risk will be calculated from risk factors measured in variable-specific timeframes, lack of 620 
measurement of a single risk factor could prevent CV risk calculation. To prevent this, we will multiply impute 621 
missing risk factors necessary for computing CV risk from all variables in the primary analytic model,104, 105 622 
including random effects (ie, congenial imputation model with random effects106), and other risk factors and 623 
patient characteristics that may improve the precision of the imputations using fully conditional specification.  624 

Secondary analyses. The primary analytic model is sufficiently flexible to accommodate non-Gaussian data 625 
by specifying alternate error distributions and link functions. As such, secondary efficacy outcomes (eg, 626 
medication adherence, safety outcomes, risky prescribing events) will be analyzed using comparable 627 
approaches as for the primary analyses, with distributional accommodations as needed. Sub-analyses using 628 
the same analytic approach but limited to a) intervention patients whose providers acted based on CV Wizard 629 
recommendations or took other CV action, and b) propensity-matched patients, will estimate the maximum 630 
effect of the CV Wizard intervention. Medication will be assessed via a product of coefficients approach107, 108 631 
using comparable mixed models to estimate the strength of relationships among predictors, mediators, and 632 
outcomes. The strength of indirect effects will be calculated from model-derived coefficients and its significance 633 
tested by constructing asymmetric 95% confidence intervals109, 110 to determine if its limits include 0. 634 

Organization of Project. The organizational chart and project timeline are provided in the budget justification 635 
section of this grant. As PI, Dr. Rossom will lead weekly meetings with the research team (Drs. Owen-Smith, 636 
Waring, O’Connor, and Crain, EMR programmers from each site, Web programmers, and project managers) to 637 
ensure that all necessary tasks are completed in a timely fashion and strictly according to study protocol. In 638 
addition, Dr. Rossom will conduct data meetings with the EMR and Web programmers weekly in the first 30 639 
months of the project and biweekly thereafter to deal with operational issues related to development and 640 
implementation of the intervention tool (in Phase 1) and with data and analysis issues throughout the project. 641 
Additional clinicians and consultants, including Drs. Trangle, Druss, Luepker, and O’Connor will join the 642 
research team meetings to give clinical input and other guidance as needed at certain stages of the project. 643 

In Phase 1 (Months 0-18), we will develop, pilot, and revise the EMR-based CDS intervention, including the 644 
EMR-based algorithms that identify and extract data in real time and the Web service algorithms that process 645 
this information and return it to the EMR for retention and display. In Phase 2 (Months 18 to 48), clinics are 646 
randomly assigned and providers trained to use intervention tools in a staggered implementation design to 647 
allow each site to learn lessons from the site(s) implementing the intervention previous and increase efficiency.  648 
To that end, HealthPartners clinics will implement CV Wizard in month 18, Kaiser Georgia in month 24, and 649 
Essentia in month 30. The impact of the intervention on clinical actions, the possible maintenance or decay of 650 
intervention effects, and post-intervention PCP satisfaction are monitored over the entirety of the intervention 651 
period for a mean of 24 months study-wide. Phase 3 (Months 48 to 60) involves final data collection, including 652 
all clinical outcomes, data analysis, reporting of key study results, and implementation of the intervention in 653 
non-intervention clinics, if care partners request (as expected). Throughout the study, data will be analyzed as 654 



 

 

they become available, and preliminary reports on the study’s conceptual models, intervention strategies, and 655 
preliminary results will be reported at meetings and in peer-reviewed articles. 656 

Strengths and Limitations of the Study 657 
A few limitations to this proposal should be noted: (1) The completeness of EMR-derived data is a challenge. 658 
However, study subjects have a single EMR used by all providers at each site, and most receive nearly all their 659 
care at that site. We have worked extensively with EMR-derived data in patients with depression, diabetes, and 660 
heart disease in previous research, and this experience informs our approach to missing data and accurate 661 
identification of those with SMI. (2) Although the patient population is large and diverse, it does not include the 662 
uninsured; some may argue that this may exclude patients with more severe SMI who are more likely to be 663 
uninsured or inconsistently insured. (3) No CV risk-estimation equation is perfectly suited to the needs of 664 
patients with SMI, and the Framingham equations may overestimate index risk and underestimate risk 665 
reduction catalyzed by CV Wizard because it will miss actions such as use of aspirin and improved glucose 666 
control. However, we compensate for this by quantifying changes in key CV risk factors separately in 667 
Hypothesis 2, which is a very highly powered analysis, using the UKPDS risk equation for changes in A1c 668 
control and the USPSTF aspirin algorithms, which rely on the Framingham 10-year CVD Risk Equation.111, 112 669 
(4) Including preferences of patients with SMI may be a challenge. However, we have substantial experience in 670 
this area,92, 113,94,114 and previous studies suggest that shared decision making can improve clinical outcomes in 671 
patients with chronic conditions.115 (5) The effectiveness of our recommended lifestyle interventions remains 672 
uncertain. Some regard lifestyle interventions as ineffective, but a growing body of evidence suggests 673 
commonly available lifestyle interventions and support may positively affect weight, physical activity, and 674 
tobacco use in adults, including those with SMI.116-120 675 

These potential limitations should be weighed against the strengths of this ambitious, timely, and innovative 676 
project. Our health care system invests billions of dollars each year in EMR systems that have failed to deliver 677 
clinical benefits to patients with SMI in outpatient settings.121-126 In previous NIH-funded projects, we have 678 
developed an EMR-based, Web-supported CDS system proven to improve BP and glucose control in type 2 679 
diabetes patients in a randomized trial. Pilot data from DK068314 indicate improvement in CV risk factors 680 
among a small subset of patients with SMI enrolled in the intervention arm relative to those enrolled in the 681 
control arm. Our track record supports our ability to successfully conduct this ambitious and important project. 682 
Key elements of the intervention strategy have already been successfully used, enabling us to immediately 683 
focus on substantial enhancements to extend the model to our population with SMI, develop maximally 684 
effective psychiatric nurse care manager interventions to help patients with SMI switch SMI medications under 685 
supervision of the treating psychiatrist when appropriate, including the development of switching algorithms to 686 
guide providers, and incorporate patient preference in the process.  687 

Dissemination and Future Applications  688 
The Dissemination Team will meet regularly in the second half of the grant, and will be tasked with ensuring 689 
widespread dissemination of our findings.  There are many venues readily available to us for useful 690 
dissemination; for example, our consultants, Drs. Druss, Luepker, and Trangle, are national leaders in mental 691 
health and cardiology and will help ensure regional and national dissemination of results. Additionally, MHRN is 692 
an active network whose member organizations have regional and national connections to organizations and 693 
collaboratives across the country, including the National Alliance on Mental Illness, the Depression and Bipolar 694 
Support Alliance, and the Institute for Clinical Systems Improvement, and these connections will be utilized to 695 
widely disseminate our results and spread of our intervention, if successful.  In addition to these efforts, we will 696 
make good use of the peer-reviewed literature for more traditional dissemination of scientific information.  Dr. 697 
Rossom will lead a Publications Committee as part of the Dissemination Team, which will develop and facilitate 698 
the development of many manuscripts keyed to the specific aims so as to ensure prompt and complete 699 
publication of as much important knowledge as possible.   700 

Regarding future applications, the intervention strategy developed here can be extended to other mental health 701 
domains and care-delivery venues. Moreover, the Web-based CDS tools could be easily adapted for other 702 
purposes, including mapping quality of care at the provider or clinic level, improving coordination of medical 703 
care of patients with SMI, providing a framework for “patient-direct” applications delivered through the Internet, 704 
and using the CV Wizard in simulation mode to train a wide range of providers to deliver care that is 705 
simultaneously personalized and standardized to those with SMI.  706 
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