
Medication Adherence, Cardiovascular
Disease Hospitalizations, and Health Care

Utilization among Medicaid Populations with
Diabetes, Hypertension, and/or Hyperlipidemia

Item Type dissertation

Authors Yan, Xia

Publication Date 2011

Abstract Few studies have been conducted that explore the impact
of cardiovascular disease (CVD) hospitalizations on patient
adherence to CVD drugs. Medicaid beneficiaries at high-risk
for CVD, a vulnerable population, had not been a focus of prior
studies in...

Keywords Medication Adherence; Vulnerable Populations; Medicaid;
Cardiovascular Diseases

Download date 19/05/2023 14:48:00

Link to Item http://hdl.handle.net/10713/769

http://hdl.handle.net/10713/769


Curriculum Vitae 

 

EDUCATION: 

 

Ph.D., Pharmaceutical Health Services Research, 2006-2011 

M.S., Epidemiology, 2006-2011 

University of Maryland, Baltimore 

M.S., Pharmacology, 2000-2003  

Medical School of Sun Yat-sen University, China 

Bachelor of Medicine (MD Equivalent), 1994-1999 

Hebei Medical University, China 

 

 

POSTERS & PUBLICATIONS: 

Shaya FT, Yan X, Bron M, Pandya BJ, Baran RW. Trends in Glycemic Control and 

Treatment Among US Adults with Type 2 Diabetes Mellitus over the Years 1999 to 2004. 

68
th

 Scientific Sessions, American Diabetes Association, San Francisco, CA, 2008, June 

6-10.  

Shaya FT, Yan X, Bron M, Pandya BJ, Baran RW. Glycemic Control and Co-Morbidity 

Burden in Elderly Patients with Type 2 Diabetes Mellitus in the US. 68
th

 Scientific 

Sessions, American Diabetes Association, San Francisco, CA, 2008, June 6-10. 

 

Shaya FT, Yan X, Norman N, Ke X, Howard D, Foster C, Shematek J. Maryland Men’s 

Cardiovascular Promotion-MVP. International Society for Pharmacoeconomics and 

Outcomes Research (ISPOR) 12
th

 Annual European Congress, Paris, France, 2009, 

October 24-27. 

 

Yan X, Shaya FT. Impact of Cardiovascular Disease Hospitalizations on Changes in 

Patient Adherence to Antihypertensive Drugs in a Medicaid Population. 16th Annual 

International Meeting, Baltimore, USA, 2011, May 21-25. 

 

Shaya FT, Gu A, Yan X. Effect of Persistence with Drug Therapy on the Risk of 

Myocardial Re-infarction. Pharmacy and Therapeutics, 2008,33(5):288-295. 

 

Shaya FT, Yan X, Lin PJ, Simoni-Wastila  L, Bron M, Baran R, Donner TW. US Trends 

in Glycemic Control, Treatment, and Comorbidity Burden in Patients with Diabetes. 

Journal of Clinical Hypertension, 2010,12 (10): 826-832. 

 

Shaya FT, Yan X, Farshid M, Barakat S, Jung M, Low S, Fedder D. Social networks in 

cardiovascular disease management. Expert Review of Pharmacoeconomics & Outcomes 

Research, 2010, 10 (6): 701-705. 

 



Johnson W, Shaya FT, Khanna N, Warrington VO, Rose VA, Yan X, Weaver BB, 

Mullins CD, Saunders E. The Baltimore Partnership to Educate and Achieve Control of 

Hypertension (The BPTEACH Trial): A Randomized Trial of the Effect of Education on 

Improving Blood Pressure Control in a Largely African American Population. Journal of 

Clinical Hypertension, 2011, 13 (8): 563-570. 

 

HONORS & AWARDS: 

 

Rho Chi Honor Society, University of Maryland School of Pharmacy, 2008 – 2011  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Abstract 

 

Medication Adherence, Cardiovascular Disease Hospitalizations, and Health Care 

Utilization among Medicaid Populations with Diabetes, Hypertension, and/or 

Hyperlipidemia  

Xia Yan, Doctor of Philosophy, 2011  

Dissertation Directed by: Fadia T. Shaya, PhD, MPH, Professor, Department of 

Pharmaceutical Health Services Research 

 

Few studies have been conducted that explore the impact of cardiovascular 

disease (CVD) hospitalizations on patient adherence to CVD drugs. Medicaid 

beneficiaries at high-risk for CVD, a vulnerable population, had not been a focus of prior 

studies in exploring the impact of patient adherence to cardioprotective drugs on health 

utilization.  

The study population was Maryland Medicaid beneficiaries with hypertension, 

hyperlipidemia, or diabetes. Adherence rates to antidiabetic (AD), antihypertensive (AH), 

or antihyperlipidemic (AL) drugs were measured in the 6-month pre-index and post-

index periods. Patients with and without CVD hospitalization were matched on gender, 

race, age (±5 years), and pre-index adherence rate (±5%). Adherence rate to 

cardioprotective drugs among patients with a CVD event was measured in the 6-month, 

one-year, or two-year post-index periods. Patients with and without adherence to 

cardioprotective drugs were matched using propensity score matching. Conditional 

logistic regression analysis was conducted to explore the impact of CVD hospitalization 

on patient adherence to AD, AH, or AL drugs. The association of patient adherence to 

cardioprotective drugs with hospital utilization was explored using Cox regression 

analysis. 



Patients with CVD hospitalization were more likely than those without CVD 

hospitalization to be adherent to AD or AH drugs in the 6-month post-index period. 

Improved adherence to AD, AH, or AL drugs comparing the 6-month post-index to the 6-

month pre-index period was more likely to be shown in patients with CVD 

hospitalization than in those without CVD hospitalization. A substantial proportion of 

patients were not adherent to AD, AH, or AL drugs during the 6-month post-CVD 

hospitalization period. Patients who were adherent to at least one cardioprotective drug 

were less likely than those who were not adherent to be associated with the risk of 

experiencing any all-cause hospitalizations, CVD-related hospitalizations, or CVD-

related emergency room (ER) visits.  

Hospital-based education might provide an opportunity for patients to improve 

their awareness of the importance of medication adherence. Follow-up interviews by 

health professionals could help patients maintain adherence to medication after hospital 

discharge. Medicaid beneficiaries at high-risk for CVD are vulnerable, and improving 

adherence to cardioprotective drugs in this population might contribute to a reduction in 

hospital utilization.  
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Medication Adherence, Cardiovascular Disease Hospitalizations, and Health Care 

Utilization among Medicaid Populations with Diabetes, Hypertension, and/or 

Hyperlipidemia 

 

Chapter 1 

1. Introduction 

1.1 Rationale and significance of the study 

The population in the study was at high risk for cardiovascular disease (CVD) and 

vulnerable. Patients were identified as eligible if they had at least one of three diseases: 

diabetes, hypertension, and/or hyperlipidemia. Patients enrolled in the study were 

Medicaid beneficiaries, who had low income and were disproportionately members of 

minority groups. Findings from the study can be generalized to these vulnerable 

populations.  

Medication adherence has been defined as the extent to which patients take 

medications as prescribed by their healthcare providers (Osterberg & Blaschke, 2005). 

Medication adherence plays a key role in the control of blood pressure (BP), blood 

glucose, and/or lipid levels. Furthermore, diabetes, hypertension, and hyperlipidemia are 

risk factors for CVD events, e.g., CVD-related hospitalizations. While the impact of 

health behaviors (e.g., medication adherence) on outcomes (e.g., hospitalizations) has 

been widely explored in the literature (McGinnis, Olson, Delate, & Stolcpart, 2009; 

Rasmussen, Chong, & Alter, 2007; Wei, Fahey, & MacDonald, 2008),  few studies have 

evaluated the reverse association. For example, the Andersen’s Behavior Model of Health 

Care Utilization indicates outcomes affect health behaviors (Andersen, 2008) , but there 
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is a scarcity of literature evaluating the impact of CVD hospitalizations on changes in 

adherence to antidiabetic (AD), antihypertensive (AH), and/or antihyperlipidemic (AL) 

drugs. Such information would be highly relevant to physicians and other health care 

providers who need to follow patients and be aware of changes in medication adherence, 

pre- and post-CVD hospitalizations. In addition, factors other than CVD hospitalization, 

including demographic and patient clinical characteristics, may be associated with 

changes in medication adherence to AD, AH, and/or AL drugs. Physicians, pharmacists, 

nurses and other providers may need to adjust their counseling strategies regarding 

medication adherence to suit patients with different characteristics during the period of 

hospitalization. 

The American Heart Association (AHA)/American College of Cardiology (ACC) 

guidelines recommend that cardioprotective drugs, including AL agents, antiplatelet 

agents, and angiotensin-converting enzyme (ACE) inhibitors/angiotensin II receptor 

blockers (ARBs),  are important for secondary prevention of CVD (S. C. Smith, Jr. et al., 

2006). However, few studies have evaluated the impact of adherence to cardioprotective 

drugs on health outcomes in Medicaid beneficiaries at high-risk for CVD. Health 

expenditures for Medicaid is significant, $373.9 billion in 2009, and comprised 15% of 

the total U.S. national health expenditures (NHE) ("Centers for Medicare & Medicaid 

Services. " n.d.). In general, the costs from emergency room (ER) visits and 

hospitalizations are major components of the NHE. Finding solutions to reduce health 

utilizations, especially hospital utilizations, is important for savings in Medicaid health 

expenditures. Our study explored whether adherence to cardioprotective drugs was 

associated with a reduction in hospital utilizations.  



 

3 

 

1.2 Aims & Hypotheses: 

Aim 1: To evaluate the impact of CVD hospitalizations on changes in patient adherence 

to AD, AH, and/or AL drugs. 

Hypothesis 1: Patients have better adherence to AD, AH, and/or AL drugs in 6 months 

following a CVD hospitalization compared to 6 months before a CVD hospitalization. 

Aim 1a: To explore factors (demographic and patient clinical characteristics) other than 

CVD hospitalization associated with patient adherence to AD, AH, and/or AL drugs 

during the 6-month post-CVD hospitalization. 

 

Aim 2: To evaluate the impact of patient adherence to cardioprotective drugs on the 

utilization of hospital services in patients after a CVD event. 

Hypothesis 2: Patients with good adherence to cardioprotective drugs are less likely than 

those with poor adherence to use hospital services. 

Aim 2a: To measure the proportion of patients who had prescription filled for 

cardioprotective drugs filled following a CVD event. 

Aim 2b: To explore factors (demographics and patient clinical characteristics) associated 

with patient adherence to cardioprotective drugs after a CVD event. 
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Chapter 2 

2. Literature Review 

2.1     Clinical and economic impact of CVD 

CVD, including heart disease, peripheral arterial disease, and stroke, is a leading 

cause of mortality. The mortality data of 2006 show that CVD accounted for 1 of every 

2.9 deaths (Roger et al., 2011).  CVD was the leading diagnosis of hospital discharges in 

2007 (Roger et al., 2011). Total hospital costs of CVD,  including inpatient, outpatient, 

and emergency department patient utilization, were projected to be $155.7 billion in 2010 

(Lloyd-Jones et al., 2010).  The prevalence of CVD in 2008 was 47.3%, 44.8%, 33.8% , 

and 37.4% among African-American women, African-American men, Caucasian women, 

and Caucasian men, respectively (Roger et al., 2011). Racial disparities in CVD are 

associated with hypertension, diabetes, hyperlipidemia, obesity, physical inactivity, and 

smoking (Cooper et al., 2000; Lloyd-Jones et al., 2010; Roger et al., 2011).  

2.2     CVD events, diabetes, hypertension, and hyperlipidemia 

2.2.1 Prevalence of diabetes, hypertension, and hyperlipidemia 

Diabetes, hypertension, and hyperlipidemia are very common in the United States. 

Based on the National Health and Nutrition Examination Survey 2005-2008, the 

prevalence of hypertension was 45.7%, 43.0%, 31.3%, and 33.9% among African-

American women, African-American men, Caucasian women, and Caucasian men, 

respectively (Roger et al., 2011). The highest prevalence of total cholesterol ≥200 mg/dL 

(47.0%) was among Caucasian women, and the lowest prevalence (37.0%) was among 

African-American men (Roger et al., 2011). The prevalence of physician-diagnosed 
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diabetes was around 15% among African-American adults and 7% among Caucasians in 

2008 (Roger et al., 2011).  

2.2.2    Risk factors for CVD events 

CVD is the leading cause of morbidity and mortality in people with diabetes. It is 

reported that approximately 65% of deaths in people with diabetes in the United States 

are attributable to CVD (Engelgau et al., 2004). The death rates for heart disease among 

adults with diabetes are about 2 to 4 times higher than for people without diabetes. 

Moreover, diabetic patients are 2 to 4 times more likely than those without diabetes to 

develop stroke (Lloyd-Jones et al., 2010; Shaya et al, 2010; "Report of the expert 

committee ", 2003 ). In 2007, the age-adjusted percentage of reporting any CVD 

conditions among people with diabetes aged 35 years or older was 32.2% for men and 

30.6% for women.  

Hypertension and hyperlipidemia are also risk factors for CVD("Standards of 

medical care", 2009). Kengne  et al.(2007) found that each 10-mmHg increase in systolic 

blood pressure was associated with a risk increase of 18% for coronary heart disease, 

29% for ischemic stroke, and 56% for hemorrhagic stroke. A population-based study 

indicated that a 0.26 mmol/l increase in low-density lipoprotein (LDL) and a 0.26 mmol/l 

decrease in high-density lipoprotein (HDL) were associated with a 12% increase and a 

22% increase in CVD, respectively (Howard et al., 2000).  

2.2.3 Impact of medication adherence on the control of diabetes, hypertension, and 

hyperlipidemia 

Although tight control of glucose, blood pressure, and lipid levels decreases the 

risk of developing CVD, poor medication adherence limits the extent of treatment 



 

6 

 

benefits (van Bruggen et al., 2009). A retrospective observational study indicated that 

diabetic people with good adherence had better glycemic control than those with poor 

adherence (Rozenfeld, Hunt, Plauschinat, & Wong, 2008). Nonadherence to AD or AL 

drugs is associated with higher HbA1c and cholesterol levels, respectively (Lau & Nau, 

2004; Parris, Lawrence, Mohn, & Long, 2005). In a randomized controlled trial, HbA1c 

and total cholesterol levels were significantly lower in adherent patients after one-year 

follow-up (van Bruggen et al., 2009). A cross-sectional study explored the association of 

medication adherence with achieving the treatment targets, which were defined as 

Glycated Haemoglobin (HbA1c) <7.0% for hyperglycemia, LDL <100 mg/dL for 

hyperlipidemia, and systolic blood pressure (SBP)<130 mmHg for hypertension. Patients 

with nonadherence were less likely to reach the treatment targets in the study 

(Schmittdiel et al., 2008).  

2.2.4 Factors associated with medication adherence 

Demographic and socioeconomic factors have been shown to be associated with 

medication adherence. Gazmararian et al.(2006) explored factors associated with 

medication refill adherence in Medicare managed care enrollees with hypertension, 

coronary heart disease, diabetes, and/or hyperlipidemia. The study indicated that 

race/ethnicity was associated with refill adherence controlling for age, gender, education, 

regimen complexity, and health literacy. Older people had better adherence than young 

people in a study using a large administrative dataset (Yeaw, Benner, Walt, Sian, & 

Smith, 2009). A population-based analysis of diabetic patients indicated that age and 

geographic area (rural versus urban) were associated with adherence to vascular 

protection drugs (ACE inhibitors and aspirin) (Asghari et al., 2010). In a cohort of US 
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managed care enrollees, women had better adherence than men to calcium-channel 

blockers and statin medications (Chapman, Yeaw, & Roberts, 2010).  However, females 

had worse adherence than males in another study (Yeaw, Benner, Walt, Sian, & Smith, 

2009). Clear evidence is lacking on the effect of gender on medication adherence.  

Socioeconomic factors reflect a patient’s ability to afford their medication. These factors 

include lack of adequate healthcare coverage, unemployment, retirement, and indigence. 

Socioeconomic factors are important predictors of medication adherence (Baroletti & 

Dell'Orfano, 2010). Adequate healthcare coverage contributes to improved medication 

adherence. Zhang et al.(2010) found that Medicare Part D had a positive impact on 

adherence to cardiovascular and diabetes medications in patients with hypertension, 

diabetes, and/or hyperlipidemia.  

Other factors associated with adherence include comorbidity, psychiatric illness, 

regimen complexity, health literacy, patient beliefs and attitudes regarding medications, 

communication between physicians and patients, and social support. A population-based 

analysis of diabetic patients indicated that comorbidity was associated with adherence to 

vascular protection drugs (ACE inhibitors and aspirin) (Asghari et al., 2010). A study of 

hypertensive patients found comorbidity (hyperlipidemia, obesity, peripheral vascular 

disease, and chronic obstructive pulmonary disease) was associated with medication 

adherence (Chapman, Yeaw, & Roberts, 2010).  Psychiatric illnesses were associated 

with low adherence rates (Ammassari et al., 2002; Stilley, Sereika, Muldoon, Ryan, & 

Dunbar-Jacob, 2004).  Regimen complexity is a barrier to good adherence to medication 

(Osterberg & Blaschke, 2005; Yeaw, Benner, Walt, Sian, & Smith, 2009).  Low health 

literacy contributes to nonadherence (Baroletti & Dell'Orfano, 2010; Gazmararian et al., 
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2006). Patient beliefs and attitudes, such as lack of belief in treatment benefits and lack of 

insight into the illness, are predictors of nonadherence (Baroletti & Dell'Orfano, 2010; 

Lacro, Dunn, Dolder, Leckband, & Jeste, 2002; Perkins, 2002). Effective communication 

between patients and physicians is important for patients to understand their disease state 

and perceive the need for medication (Baroletti & Dell'Orfano, 2010; Sewitch et al., 

2003).  Osterberg et al.(Osterberg & Blaschke, 2005)  summarized studies about 

medication adherence and found effective communication contributed to high adherence 

rates. There are three types of functional social support (practical, emotional, and family 

cohesiveness). Structural social support is marital status and living arrangement of adults. 

A meta-analysis of 122 studies indicated that good adherence was associated with 

cohesive families compared to families in conflict, and marital status and living with 

another person modestly increased adherence (DiMatteo, 2004).  

2.2.5 Impact of hospitalizations on medication adherence    

Patients with poor adherence to AD, AH, and/or AL drugs are more likely to 

develop CVD events because of uncontrolled hypertension, diabetes, and/or 

hyperlipidemia. Kong et al.(2007) found that the incidence of coronary heart disease or 

stroke was inversely associated with the number of treatment targets achieved in patients 

with diabetes. The treatment targets defined in the study were HbA1c <7.0%, LDL 

cholesterol <100 mg/dl, and blood pressure <130/80 mmHg. The 2002 American 

Hypertension Association (AHA) guidelines stressed the importance of blood pressure 

control, blood lipid management, and glycemic control for primary prevention of CVD (T. 

A. Pearson et al., 2002).  



 

9 

 

Hospital characteristics might be associated with quality of care a patient receives 

during hospitalization. The Health Care Financing Administration administrative data 

showed that nonprofit hospitals and teaching hospitals had lower adjusted mortality than 

average (Hartz et al., 1989). Hospital types based on structural characteristics include size, 

ownership, urban or rural setting, state, size of training programs, classic city-country 

hospitals, and proportion of Medicaid and Medicare patients seen. Keeler et al.(1992) 

found that teaching, larger, and more urban hospitals had better quality in general than 

nonteaching, small, and rural hospitals. A study evaluated associations among hospital 

characteristics, staffing levels of health care professionals, and mortality rates. Findings 

from the study showed that mortality rates decreased as staffing level per occupied bed 

increased for medical residents, registered nurses, registered pharmacists, and medical 

technologists (Bond, Raehl, Pitterle, & Franke, 1999). Quality of care a patient receives 

during hospitalization might be associated with changes in health behaviors after 

discharge. 

 The impact of CVD events, especially CVD hospitalizations, on changes in 

medication adherence has not been widely evaluated. CVD hospitalizations provide a 

unique opportunity for health professionals to address the importance of medication 

adherence. The third report of the National Cholesterol Education Program (NCEP) 

mentioned that hospitalization makes patients more likely to undertake and adhere to 

risk-lowering interventions ("Third Report ", 2002). A study explored the effect of 

hospitalization on medication adherence in patients with schizophrenia and found that 

adherence improved in 6 months following patients’ psychiatric hospitalizations (Ascher-

Svanum, Zhu, Faries, Furiak, & Montgomery, 2009). To date, the literature evaluating 
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the impact of CVD hospitalizations on changes in adherence to AD, AH, and/or AL drugs 

is scarce. 

2.2.6 Risk factors for recurrent CVD events 

Diabetes, hypertension, and hyperlipidemia are also risk factors for recurrent 

CVD events. The rate of developing a new major atherosclerotic complication per year 

was 6.1% in diabetic patients with a prior CVD event during 4 years of follow-up (Giorda 

et al., 2008). Cui et al. (Cui, Forbes, Kirby, Simes, & Tonkin, 2009) found that the 

fundamentally important risk factors, regardless of primary or secondary CVD events, 

were age, sex, smoking, hypertension, and diabetes.  In addition, total serum cholesterol 

and HDL-cholesterol were also associated with the risk of developing a recurrent CVD 

event in the study (Cui, Forbes, Kirby, Simes, & Tonkin, 2009). Regarding diabetic 

patients with coronary heart disease (CHD), findings from the Swedish National Diabetes 

Register study indicated that it was essential to treat them with antihypertensive, lipid-

lowering, antidiabetic, and antiplatelet drugs for secondary prevention of CVD 

(Gudbjornsdottir et al., 2009). The AHA/American Association of Cardiovascular and 

Pulmonary Rehabilitation scientific statement on core components of cardiac 

rehabilitation/secondary prevention programs stresses the importance of the management 

of BP, glucose level, and lipid level for secondary prevention of CVD (Balady et al., 

2007).  Medication nonadherence is a barrier for patients with established CVD to 

achieve treatment targets in BP, lipid level, and glycemic level. In a study of people with 

established cardiovascular disease, including coronary artery disease (CAD), peripheral 

arterial disease, and/or cerebrovascular disease, the target goal for BP control was 

<140/90 mm Hg (or <130/80 mm Hg for patients with diabetes) and the goal for LDL 
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cholesterol was <97 mg/dL. However, only about half of the patients in the study 

achieved the target BP and LDL levels. Patient nonadherence may be one reason for the 

low proportion of persons who achieved the target goals (Saposnik et al., 2009).  

2.3    Impact of cardioprotective drugs on secondary prevention of CVD 

2.3.1 Efficacy of cardioprotective drugs 

Cardioprotective drugs, including AL, ACE inhibitors/ARBs, and antiplatelet 

agents, are typically prescribed for secondary prevention of CVD. Furthermore, for 

people with CAD, a beta-blocker is added (Hackam et al., 2007; S. C. Smith, Jr. et al., 

2006). Appendix A shows a list of AD, AH, AL, and antiplatelet drugs. Statins, also 

called HMG CoA reductase inhibitors, are commonly prescribed for hyperlipidemia 

treatment. They include atorvastatin, fluvastatin, lovastatin, pravastatin, rosuvastatin 

calcium, and simvastatin. The statins have shown efficacy in reducing the events of 

coronary heart disease, myocardial infarctions, revascularization procedures, stroke, and 

peripheral vascular disease. Statins are effective in primary and secondary prevention of 

CVD (Baigent et al., 2005; Cannon et al., 2004; LaRosa et al., 2005; Sacks et al., 1996;  

"Third Report ", 2002). ACE inhibitors have shown efficacy in hypertension therapy, 

primary and secondary prevention of CVD, and prevention of progression to renal failure 

(Hackam et al., 2007; Solski & Longyhore, 2008). The 2002 American College of 

Cardiology (ACC)/AHA guidelines recommend that ACE-inhibitors should be 

considered for secondary prevention in all patients with known coronary disease 

(Gibbons et al., 2003). A systematic review of clinical trials showed that ARBs were 

successful in reducing CVD morbidity and mortality (Gupta et al., 2010). A review 

summarized current therapies in secondary prevention after acute myocardial infarction 
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(AMI). Beta-blockers, aspirin, and lipid-lowering agents were recommended for all 

patients following an AMI. In patients with congestive heart failure (CHF) and/or 

reduced left ventricular fraction, ACE-inhibitors were an optimal therapy (Mehta, 

Bossone, & Eagle, 2000; Shaya, Gu, &Yan, 2008). In a Medicaid high-risk, largely 

female, African American population, persistence of use of the initial stroke preventive 

medication, including aspirin, after stroke was effective in avoiding a recurrence (Shaya 

et al., 2006). 

2.3.2 Prescription rates of cardioprotective drugs 

Prescription rates of cardioprotective drugs for secondary prevention of CVD are 

suboptimal. Underprescription of aspirin, β-blockers, lipid-lowering therapy, and ACE-

inhibitors is an issue for patients with CAD (Fonarow, French, Parsons, Sun, & 

Malmgren, 2001; Fonarow, Gawlinski, Moughrabi, & Tillisch, 2001). Bait et al.(2000) 

estimated that if patients with CAD had optimal prescriptions at hospital discharge, 

around 80,000 lives would be saved per year in the United States. In a secondary 

prevention cohort of CVD conducted in Canada (Hackam et al., 2007), 80% were treated 

with a statin, and 92% received an antiplatelet or oral anticoagulant. However, only 57% 

received an ACE inhibitor. The Reduction of Atherothrombosis for Continued Health 

study enrolled a total of 67,888 patients with established arterial disease or 3 or more risk 

factors for atherothrombosis across the world. Among patients in North America, there 

were only 49.5% treated with ACE inhibitors, 83.6% with lipid-lowering drugs, and 77% 

with antiplatelet therapy, respectively (Bhatt et al., 2006). The Third Report of the NCEP 

Expert Panel indicated that less than half of people who already have symptomatic 

chronic heart disease were receiving lipid-lowering treatment ("Third Report ", 2002) .  
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2.3.3 Adherence to cardioprotective drugs 

Adherence to cardioprotective drugs in patients with established CVD is 

suboptimal. In patients who lived in an inner city, adherence rates were 75% for 

antiplatelet therapy, 70% for antihypertensive therapy, and 41% for anticoagulant therapy 

at 90 days post-stroke (Hillen et al., 2000). In adult enrollees in a not-for-profit health 

maintenance organization, the persistence rate with statins in patients with coronary 

artery disease was 59%. Discontinuation of statins in the study was associated with 

younger age, female, and low socioeconomic status (Chodick et al., 2008). Gogovor et 

al.(Gogovor, Dragomir, Savoie, & Perreault, 2007) found the 1.5-year persistence rate 

with ACE inhibitors in secondary prevention of CVD was around 65%.  A retrospective 

cohort study evaluated the long-term adherence to cardioprotective drugs in patients with 

coronary artery disease. The study found nearly 30% of patients were nonadherent to 

aspirin and fewer than half  were adherent to long-term use of β-blockers, lipid-lowering 

therapy, or combination of these drugs (Newby et al., 2006). Kripalani et al. (Kripalani, 

Henderson, Jacobson, & Vaccarino, 2008) evaluated medication use among inner-city 

patients after hospital discharge based on patient-report surveys. Patients with suspected 

acute coronary syndromes were admitted to an urban teaching hospital, which primarily 

served a low-income African American population. Adherence to prescriptions at 

discharge was suboptimal. There were 40%, 20%, and 18% of respondents filling their 

prescriptions on the day of discharge, 1 or 2 days after discharge, and 3 to 9 days later, 

respectively. Furthermore, there were still 22% not filling their prescriptions around 2 

weeks after discharge. Medication nonadherence in the study was common in 1-year 

post-hospital discharge.  
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2.3.4 Impact of adherence to cardioprotective drugs on health outcomes 

Good adherence to cardioprotective drugs reduces the risks of recurrent CVD 

events and mortality. In a population-based, observational, longitudinal study of elderly 

AMI patients, the mortality rate was higher in patients with poor adherence to statins 

compared to those with good adherence (Rasmussen, Chong, & Alter, 2007). Another 

population-based study of patients with established CVD found that good adherence to 

both statins and aspirin was associated with lower recurrent CVD and mortality compared 

to patients only adherent to aspirin (Wei, Fahey, & MacDonald, 2008). In the setting of a 

health maintenance organization, poor adherence to statins was associated with higher 

mortality in patients with incident cardiac events (McGinnis, Olson, Delate, & Stolcpart, 

2009).  

2.4     Conceptual framework for the Study 

The conceptual framework used in the study was derived from Andersen’s 

Behavioral Model of Health Services Utilization (Andersen, 1995, 2008). There are three 

components of the model—population characteristics, health behaviors, and outcomes. 

The component of population characteristics includes predisposing characteristics, 

enabling resources, and need. For purposes of the study, predisposing characteristics are 

age, gender, race, and geographic location. Enabling characteristics are system-related 

factors (e.g., insurance status and health plan), medication/therapy-related factors (e.g., 

number of prescription medications and complexity of regimen), and physician-related 

factors (e.g., number of physician visits and type of physician visits). Need is reflected by 

an individual’s report of disability days, severity of symptoms, or the diagnosis made by 

health professionals. Need characteristics include comorbidity, disease severity, and 



 

15 

 

 

perceived health status. Health behavior is medication adherence.  The component of 

outcomes in the study is healthcare utilization, including hospitalizations and emergency 

department (ER) visits. Figure 1 shows the conceptual framework for study aim 1. Figure 

2 is the conceptual framework for study aim 2.  

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Conceptual Framework for Aim 1 
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Figure 2 Conceptual Framework for Aim 2 
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Chapter 3 

3. Methods 

3.1 Data Source 

Maryland Medicaid claims data from January 2001 to June 2006 were used in the 

study. The database consists of enrollment information, medical claims (inpatient, 

outpatient, and physician services), and pharmacy claims. Selected information available 

in the database is outlined in Table 3.1.   

Table 3.1 Selected records available in the Medicaid database 

Enrollment File First date of enrollment 

Last date of enrollment 

Medical Claims Claim types 

Primary, secondary, and third diagnoses 

First date of each medical service 

Last date of each medical service 

Race 

Sex 

Date of birth 

County and zip code of each enrollee’s address 

Specificity codes of health providers 

Procedure codes 

Revenue codes 

Pharmacy Claims Claim types 

First date of each prescription fill 

Last date of each prescription fill 

Race 

Sex 

Date of birth 

County and zip code of each enrollee’s address 

National Drug Code  

Brand name  

Generic name  

Generic code 

Therapeutic class 

Days supplied for each prescription fill 

Refill number 

Quantity of each prescription fill 

 



 

18 

 

Maryland Medicaid beneficiaries are generally vulnerable minority and low-

income people. Table 3.2 shows Medicaid eligibility of Maryland residents in the 

managed care organizations (MCOs) by race and gender from 2001-2006.("Maryland 

Department of Health and Mental Hygiene. " n.d.) The study population comprised of the 

enrollees of the MCOs, which contract with a network of providers to offer covered 

services to their enrollees. The Maryland Medical Assistance Program makes payments 

to MCOs at fixed capitation rates. About 75% of all Medicaid enrollees receive care 

through MCOs, and others are in the fee-for-service program. The following Medicaid 

enrollees are not qualified for the MCOs: 1) individuals with dual eligibility for both 

Medicaid and Medicare; 2) individuals aged 65 years or older; 3) individuals eligible for 

the Medicaid Spend-Down program, which is similar to a deductible under a 

conventional insurance policy; 4) individuals who have been or expected to be 

continuously institutionalized for more than 30 successive days in a long-term care 

facility or in an institution for mental disease; 5) individuals institutionalized in an 

intermediate care facility for mentally retarded persons; 6) individuals enrolled in the 

Model Waiver, which enables states to cover a broad array of home and community-

based services (HCBS) for targeted populations as an alternative to institutionalization;  

and 7) individuals enrolled in limited coverage categories.("Department of Health and 

Mental Hygiene (DHMH). HealthChoice." n.d.)  

Table 3.2 Medicaid eligibility of Maryland residents in the MCOs by race and gender 

  Jan 2001 

 (%) 

Jan 2002 

(%) 

Jan 2003 

(%) 

Jan 2004 

 (%) 

Jan 2005 

(%) 

Jan 2006 

(%) 

Total  407,047 440,364 469,693 470,724 483,236 491,469 

Race Black 242,586 

(60%) 

257,836 

(59%) 

269,634 

(57%) 

266,043 

(57%) 

271,161 

(56%) 

273,285 

(56%) 

White 121,975 131,109 140,351 138,489 139,684 138,878 



 

19 

 

(30%) (30%) (30%) (29%) (29%) (28%) 

Other 42,486 

(10%) 

51,419 

(11%) 

59,708 

(13%) 

66,192 

 (14%) 

72,391 

(15%) 

79,306 

(16%) 

Gender Female 228,249 

(56%) 

245,175 

(56%) 

260,150 

(55%) 

256,981 

(55%) 

263,524 

(55%) 

267,101 

(54%) 

Male 178,798 

(44%) 

195,189 

(44%) 

209,543 

(45%) 

213,743 

(45%) 

219,712 

(45%) 

224,368 

(46%) 

The data used in the study are relatively old, but the guidelines for secondary 

prevention of CVD have not changed much over time. Sixteen years ago, the AHA 

writing group stressed the importance of pharmacologic interventions including 

antiplatelet agents, lipid-lowering drugs, and ACE inhibitors (T. Pearson et al., 1994). 

The updated AHA/ACC guideline 2001 described the importance of the above drugs in 

preventing heart attack and death in patients with atherosclerotic CVD (S. C. Smith, Jr. et 

al., 2001). The latest guideline from the AHA/ACC 2006 also emphasized the role of the 

above drugs in secondary prevention for patients with coronary and other atherosclerotic 

vascular disease (S. C. Smith, Jr. et al., 2006). In addition, most cardioprotective drugs 

were approved before 2001, so physicians have had no limited options in prescribing 

these drug classes since 2001. Consequently, it is feasible to use the relatively old data 

for exploring Aim 2 of the study. Aim 1 of the study is to explore the impact of CVD 

hospitalizations on adherence to AD, AH, and AL drugs, so the relatively old data used 

did not affect results derived from Aim 1.  

The Centers for Disease Control and Prevention reported the prevalence of risk 

factors associated with CVD over time in Maryland. They were diabetes, hyperlipidemia, 

hypertension, obesity, smoking, physical inactivity, and less consumption of fruits and 

vegetables (Table 3.3) ("Centers for Disease Control and Prevention." n.d.).  The 

proportion of people with unhealthy lifestyles (obesity, physical inactivity, and less 
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consumption of fruits and vegetables) increased from 2003 to 2007. On the other hand, 

the prevalence of smoking decreased. The prevalence of diabetes increased between 2000 

and 2007, and the trend may be associated with changes in lifestyles, e.g., physical 

inactivity. The prevalence of hyperlipidemia and hypertension fluctuated over time. The 

unhealthy lifestyle and disease prevalence had not changed much over time, so it is 

appropriate to use the relatively old data for testing the study aims.   

Table 3.3 Prevalence of factors associated with CVD in Maryland 1997-2007 

Year Diabetes 

 

Hyper- 

lipidemia  

Hypertension Obesity Smoking Physical  

Inactivity 

Fruits and 

Vegetables* 

1997  27.6 24.5    30.3 

1998 5.5   19.5 22.2 20.3  

1999 7.0 28.7 24.8 17.5 20.2   

2000 6.6   19.2 20.4 24.2 27.9 

2001 6.9 29.3 26.5 19.3 21.0 24.3  

2002 6.9   18.5 22.0 23.1 29.8 

2003 7.2 32.1 25.0 21.3 19.8 21.6 29.2 

2004 7.4   23.0 19.5 22.0  

2005 7.1 31.1 25.7 23.8 19.0 22.9 29.2 

2006 7.8   24.0 17.7 23.1  

2007 8.1 34.1 28.4 24.9 17.3 23.2 26.4 
*Consuming fruits and vegetables 5 or more times per day 

3.2 Inclusion and exclusion criteria  

For Aim 1, index date was the admission date of the first observed hospitalization, 

which was a CVD-related hospitalization; among patients without CVD hospitalizations, 

index date was the same as that of a matched patient with CVD hospitalization. For Aim 

2, index date was the date of a CVD event, which was identified by using the primary 

diagnosis of CVD on inpatient, outpatient, and physician claims. In cases where a CVD 

event was identified using physician claims, the CVD event was confirmed by a CVD 

diagnosis on inpatient, outpatient, or physician claims following the event.  
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3.2.1 Inclusion criteria 

1. Age 18 years or older and less than 65 years 

2. Continuous enrollment in Medicaid during the 1-year pre-index period 

3. At least one pharmacy claim of AD, AH, and/or AL drugs from the 1-year to 6-month 

pre-index period (Aim 1) 

4. At least one diagnosis of diabetes, hypertension, and/or hyperlipidemia during the 1-

year pre-index period (Aim 1) 

5. No records of CVD diagnoses on medical claims (inpatient, outpatient, and physician 

visits) during the 1-year pre-index period (Aim 2) (Foody, Joyce, Rudolph, Liu, & 

Benner, 2008; Jackevicius, Mamdani, & Tu, 2002; Mazzaglia et al., 2009; Roberts, 

Gorelick, Ye, Harley, & Goldberg, 2009) 

3.2.2 Exclusion criteria 

1. Diagnosis of gestational diabetes because it is a temporary diabetes during pregnancy. 

2. Patients with insulin-only therapy because of difficulty in measuring adherence to 

injectable medication based on  pharmacy claims (Ho, Rumsfeld et al., 2006).  

For Aim 1, there were three subgroups: AD drugs, AH drugs, and AL drugs. If a 

patient used more than one of the three drug classes, the patient was counted in each 

respective subgroup. Therefore, the sum of patients in the three subgroups was more than 

the number of patients in the study. 

3.3 Dependent and primary independent variables 

3.3.1  Measurement of medication adherence 

Proportion of days covered (PDC) is a method to measure medication adherence 

(Choudhry, Setoguchi, Levin, Winkelmayer, & Shrank, 2008; Ho, Magid, Masoudi, 
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McClure, & Rumsfeld, 2006; Rasmussen, Chong, & Alter, 2007). PDC is expressed as 

the proportion of days on which a patient has pills available during a time period 

(Choudhry et al., 2009).  Karve et al.(2008) compared the predictive validity of 8 

adherence measures in Arkansas Medicaid beneficiaries with diabetes. The 8 adherence 

measures were medication possession ratio (MPR), proportion of days covered (PDC), 

refill compliance rate (RCR), compliance ratio (CR), medication possession ratio 

modified (MPRm), continuous measure of medication gaps (CMG), continuous multiple 

interval measure of oversupply (CMOS), and continuous, single interval measure of 

medication acquisition (CSA). The denominator of PDC or MPR was a uniform period 

for all patients. PCR, CR, and MPRm used the period between first and last refills as the 

denominator, and they did not account for early discontinuation and would overestimate 

adherence. Findings from the study indicated that PDC and MPR were preferred 

measures, and adherence rates measured by MPR were the same as those measured by 

PDC. In our study, PDC was used to measure adherence rates.  

Medication adherence to each drug class (AD, AH, and AL drugs) was measured 

separately. If a patient’s prescription changed from one medical agent to another for 

treatment of the same disease, the patient was still considered adherent to medication for 

the disease. For Aim 1, medication adherence was measured in the 6-month pre- and 

post-index periods. The denominator of adherence rates was 6 months. The variable of 

changes in patient adherence to AD, AH, or AL drugs were classified into two groups: 

PDCchange<5% and ≥5%. A meta-analysis of trials of interventions to improve medication 

adherence showed an increase of 4%-11% in medication adherence (Peterson, Takiya, & 

Finley, 2003). Patients with and without CVD hospitalization were matched on adherence 
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rates during the 6-month pre-index period within the range of 5%. Therefore, changes in 

medication adherence (PDCchange) were categorized into two groups, and the group of 

patients with PDCchange≥5% was regarded as improved adherence to medication. The 

alternative measurement of improved adherence was nonadherence (PDC<80%) in the 6-

month pre-index period and adherence (PDC ≥80%) in the 6-month post-index period.  

The reference group corresponding to this measurement was patients without improved 

adherence.  

For Aim 2, adherence rates to cardioprotective agents were measured. The 

adherence associated with medication use following a CVD should be measured in a 

sufficiently long and stable enough period (Rasmussen, Chong, & Alter, 2007).  

Medication adherence was measured in the 6-month post-index period. A uniform period 

of 6 months for all patients was used to ensure equal and accurate short-term adherence 

behavior profile. Patients with longer periods to measure medication adherence would 

bias the adherence estimate downward because they have been observed for more days 

and have had more opportunities to discontinue compared with patients with six months 

to measure medication adherence (E. S. Johnson & Mozaffari, 2002; Rasmussen, Chong, 

& Alter, 2007). The range of PDC was 0−100%, and good adherence was defined as PDC 

≥80%. Review articles of medication adherence showed many studies defined good 

adherence as an adherence rate of equal to or greater than 80% (Kothawala, Badamgarav, 

Ryu, Miller, & Halbert, 2007; Osterberg & Blaschke, 2005). 

3.3.2 All-cause hospitalizations 

Inpatient claims regardless of diagnoses were used to identify all-cause 

hospitalizations. 
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3.3.3 CVD hospitalizations 

The primary diagnosis on inpatient claims were used to identify CVD events. The 

following International Classification of Diseases, Ninth Revision (ICD-9) codes were 

used to identify CVD events: 402 (hypertensive heart disease), 404 (hypertensive heart 

and chronic kidney disease), 410-414 (coronary heart disease), 420-427 and 429 (other 

forms of heart disease), 428 (heart failure), 430-438 (stroke), and 440-448 (peripheral 

arterial disease) (Lloyd-Jones et al., 2010), and 35.XX-39.XX (cardiovascular surgery 

procedures) (Go, Chertow, Fan, McCulloch, & Hsu, 2004).  

The following Current Procedural Terminology (CPT)-4 codes were used to 

identify cardiovascular procedures: 92980-92982 and 92984-92996 (percutaneous 

coronary intervention); 33510-33519, 33521-33523, and 33533-33536 (coronary artery 

bypass surgery); 35450, 35452, 35454,  35456, 35458,  35459, 35470-35475, 35879, 

75962, 75964, 75966 , 75968 , 33322, 33335, 33860, 33870, 35511, 35516, 35518, 35521, 

35531, 35533, 35536, 35541, 35546, 35548, 35549, 35551, 35556, 35558, 35560, 35563, 

35565, 35566, 35571, 35582, 35583, 35585, 35587, 35612, 35616, 35621, 35623, 35631, 

35636, 35641, 35646, 35650, 35651,35654, 35656, 35661, 35663, 35665, 35666, and 

35671 (peripheral arterial disease) (Go, Chertow, Fan, McCulloch, & Hsu, 2004).  

3.3.4 CVD-related ER visits  

The revenue codes of 450, 451, 452, 456, 459, and 981 indicated ER visits. The 

primary diagnosis of CVD on inpatient or outpatient claims with any of the above 

revenue codes was used to identify CVD-related ER visits.  
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3.4 Covariates  

3.4.1 Predisposing characteristics 

Age as of the index date was a categorical variable calculated based on date of 

birth (18-39, 40-49, 50-59, and 60-64). The reference group was patients in the age group 

of 18-39. 

Race: Two dichotomous variables (1, 0) to represent African-Americans and 

Caucasians, respectively. The reference group was other ethnic group. 

Gender: Dichotomous variable, 1-male, 0-female. 

3.4.2 Enabling resources 

3.4.2.1 System related factors 

3.4.2.1.1 Interrupted Medicaid coverage 

Patients without Medicaid coverage for over 30 days were classified as 

interrupted Medicaid coverage. The dichotomous variable indicated a patient’s insurance 

status. Interruptions in Medicaid coverage were associated with a higher rate of 

hospitalizations for ambulatory case-sensitive conditions, including heart failure, diabetes, 

and chronic obstructive pulmonary disease (Bindman, Chattopadhyay, & Auerback, 

2008).  

3.4.2.2 Medication/therapy related factors 

3.4.2.2.1 Number of concurrent drugs 

This number of concurrent drugs represented the total number of drugs a patient 

took for 6 months at baseline for Aim 1 and during the follow-up period for Aim 2. It can 

reflect the influence of medication burden on adherence.  



 

26 

 

3.4.2.2.2 Incident users of AD, AH, and/or AL drugs 

Incident users were identified as patients without any prescription fills of AD, AH, 

and/or AL drugs for 6 months prior to the first fill of these medications. Furthermore, 

they started taking the medications at least 6 months and at most 1 year prior to the index 

date. Prevalent users were defined as patients without a history of no prescription fills of 

AD, AH, and/or AL drugs for 6 months prior to the first fill of these medications. The 

variable was dichotomous, and the reference group was prevalent users. 

3.4.2.3 Physician related factors 

3.4.2.3.1 Types of physician visits for CVD  

For Aim 2, the types of physician visits for CVD during follow-up were measured. 

Two dichotomous variables reflected the information, one for patients seen only by 

generalists, and the other one for patients seen by both cardiologists and generalists. The 

reference group was patients without any physician visits for CVD. In a retrospective 

cohort study of patients with CAD or CHF, cardiology consultation was associated with 

better quality of care. Cardiology consultation was defined as any office visit to a 

cardiologist (Cook, Ayanian, Orav, & Hicks, 2009). Ezekowitz et al.(Ezekowitz, van 

Walraven, McAlister, Armstrong, & Kaul, 2005) explored the impact of specialist 

follow-up in outpatients with CHF. Findings from the study indicated that patients 

followed by both specialists and generalists had significantly better survival than those 

without physician visits for CVD or those followed by generalists alone.  

3.4.2.3.2 HbA1c test 

In the subgroup of patients with diabetes for Aim 1, the number of HbA1c tests for 

one year at baseline was measured. The variable was dichotomous, and the reference 
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group was patients with at most one HbA1c test in the one-year pre-index period. 

Physicians’ CPT code 83036 was used to identify whether a patient received an HbA1c 

test. The American Diabetes Association (ADA) recommends that HbA1c tests should be 

conducted at least twice annually in patients with stable glycemic control or quarterly in 

patients with therapy change or unstable glycemic level (van Servellen, Chang, Garcia, & 

Lombardi, 2002). The variable can be an indicator of diabetes management. The variable 

was only included in the model for patients with AD drugs.  

3.4.2.3.3 Cholesterol test 

The number of cholesterol tests for 1 year at baseline was measured, and the 

variable was dichotomous. A scientific statement from the ADA/AHA on primary 

prevention of cardiovascular disease in people with diabetes indicated lipid levels should 

be measured at least annually in adult patients (Buse et al., 2007).  The following CPT 

codes were used to identify whether a patient received cholesterol tests: 80061 (lipid 

panel), 82465, 83718, and 84478. The variable can be an indicator of hyperlipidemia 

management. 

3.4.3 Need 

3.4.3.1 Comorbidity 

The Charlson Comorbidity Index (CCI) was used to measure comorbidity 

(Charlson, Pompei, Ales, & MacKenzie, 1987). The CCI was validated as a measure of 

the risk of 1-year mortality attributable to comorbidity in a longitudinal study of general 

hospitalized patients (Charlson, Pompei, Ales, & MacKenzie, 1987). Appendix B shows 

the ICD-9 codes for identifying each disease included in the CCI and the weight score for 
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each disease (Quan et al., 2005).  The CCI was calculated based on medical claims of 365 

days at baseline.  

3.4.3.2 Number of micro- and macro-vascular diseases at baseline 

Patients with serious diabetes, hypertension, and/or hyperlipidemia are more 

likely to develop micro- and macro-vascular diseases (Adler et al., 2000; Gaede et al., 

2003; Keane, 2000; "Treatment of hypertension ", 2002). The number of complications in 

the one-year pre-index period indirectly reflected the severity of the three diseases. 

Complications and corresponding ICD-9 codes are shown on appendix C (Touze et al., 

2008). The primary diagnoses on claims of inpatient, outpatient, or physician visits were 

used to identify complications.   

3.4.3.3 Number of physician visits for diabetes, hypertension, and/or hyperlipidemia 

The number of physician visits for diabetes, hypertension, and/or hyperlipidemia 

for one year at baseline was measured as a proxy for the severity of diabetes, 

hypertension, and/or hyperlipidemia.  

3.4.3.4 Total length of all-cause hospital stay at baseline 

This categorical variable was an indicator of health status. The total length of all-

cause hospital study during the one-year pre-index period was divided into 3 categories: 0, 

<10 days, and ≥10 days.  

3.4.3.5 Psychiatric disorders 

The dichotomous variable represented whether a patient had psychologist visits 

and/or psychiatric medications during one year at baseline. It may indicate whether a 

patient had a psychiatric disorder. The presence of psychological problems is a predictor 

of poor adherence to medication(Osterberg & Blaschke, 2005). The provider specialty 
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codes of 052, 162, 172, 196, and 197 were used to identify psychologist visits. Appendix 

D shows the list of psychiatric medications ("National Institute of Mental Health." n.d.).  

3.4.3.6 Obesity at baseline 

This dichotomous variable was identified by ICD-9 codes 278.XX and indicated 

whether a patient had the diagnosis of obesity during the 1-year pre-index period. 

3.4.3.7 Hypertension at baseline 

This dichotomous variable was identified by ICD-9 codes 401.XX-404.XX and 

indicated whether a patient had the diagnosis of hypertension during the one-year pre-

index period. 

3.4.3.8 Hyperlipidemia at baseline 

The dichotomous variable was identified by ICD-9 codes 272.XX and indicated 

whether a patient had the diagnosis of hyperlipidemia during the 1-year pre-index period. 

3.4.3.9 Heart failure on the index date 

This dichotomous variable was identified by ICD-9 codes 428.XX and indicated 

whether a CVD event on the index date was heart failure. 

3.4.3.10 Acute myocardial infarction on the index date 

 This dichotomous variable was identified by ICD-9 codes 410.XX and indicated 

whether a CVD event on the index date was acute myocardial infarction. 

3.4.3.11 Cerebrovascular disease on the index date 

 This dichotomous variable was identified by ICD-9 codes 430.XX-438.XX and 

indicated whether a CVD event on the index date was cerebrovascular disease. 
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3.4.3.12 Healthy adherer effect 

According to the concept of healthy adherer effect, patients adherent to 

medication engage in healthy lifestyles, e.g., exercise, less smoking, and preventive 

medical services (Brookhart et al., 2007; Dormuth et al., 2009).  A meta-analysis of 21 

randomized clinical trials found that patients adherent to placebo had lower rates of 

mortality than those nonadherent to placebo (Simpson et al., 2006). Rasmussen et 

al.(Rasmussen, Chong, & Alter, 2007) found that in survivors of AMI, those who were 

adherent to calcium channel blockers did not have lower rates of mortality than those less 

adherent to the medication class. Meanwhile, mortality was inversely associated with 

adherence to statins or ACE-inhibitors. The class of calcium channel blockers was 

regarded as a control because of no post-myocardial infarction survival benefits in the 

literature. Findings from the study indicated that adherence outcomes were mediated by 

drug effects rather than healthy adherer effect (Rasmussen, Chong, & Alter, 2007).  

Findings from a population-based cohort to explore long-term adherence to aspirin and 

statin treatments in patients with CVD indicated that poor health behavior was not a 

sufficient explanation of adverse outcome in poorly adherent patients (Wei, Fahey, & 

MacDonald, 2008). Therefore, healthy adherer effect is a confounder between adherence 

behaviors and health outcomes. 

 The proxy for measuring healthy adherer effect in the study was whether a 

patient received influenza vaccination during the 1-year pre-index period.  A cohort study 

found that patients who filled two or more prescriptions for a statin in a year were more 

likely to have influenza vaccination than those who got only one fill (Brookhart et al., 

2007). Another cohort study found relatively healthy patients preferred to get influenza 
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vaccination (Jackson, Jackson, Nelson, Neuzil, & Weiss, 2006).  Medicaid coverage 

policy recommends that the following people need to get influenza vaccination each fall: 

1) adults 50 years of age and older; 2) adults of any age with chronic cardiovascular or 

pulmonary disorders, including asthma; 3) adults with chronic metabolic disease 

(including diabetes), renal dysfunction, anemia, immunosuppressive or 

immunodeficiency disorders, which required regular medical follow-up or hospitalization 

in the past year.("Maryland HealthChocie. ", 2009) The following CPT codes was used to 

identify influenza vaccination: 90656, 90658, 90659, and 90660 ("Medicare claims 

processing manual. " n.d.).  

3.4.4 Health care utilization 

3.4.4.1 Length of CVD-related hospitalization 

The length of CVD-related hospitalization was measured to reflect the severity of 

CVD. The length of hospital stay (LOS) was divided into 3 groups: 0, ≤5 days, and >5 

days. 

3.4.4.2 CVD events on the index date identified using outpatient claims 

CVD events on the index date were identified using inpatient, outpatient, and 

physician claims. In general, CVD events identified using outpatient claims were more 

serious compared to those identified using physician claims. The dummy variable 

represented a CVD event identified on the index date using outpatient claims (Aim 2). 

The variable can reflect the severity of a CVD event.  
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3.4.4.3 CVD-related hospital admission on the index date though the emergency 

department 

This dichotomous variable reflected a patient’s behavior in disease management. 

In addition, it can reflect the severity of CVD (Aim 1). 

3.5 Sample size and power analysis 

For Aim 1, there were two groups: patients with and without CVD-related 

hospitalizations. They were matched with baseline characteristics, and the variable of 

interest was adherence to CVD drugs (e.g., AD, AH, and/or AL drugs) in the 6-month 

post-index period. Table 3.4 shows the sample size analysis. The type-I error (α) is 0.05, 

and the power is 0.8. 

 

 For Aim 2, the study was powered for the outcome of CVD-related ER visits and 

hospitalizations. Hambrecht et al.(Hambrecht et al., 2004) found patients with stable 

coronary artery disease and with the treatment of standard percutaneous coronary 

intervention had an event-free survival of 70% in one year. The events in the study were 

death of cardiac cause, stroke, resuscitation after cardiac arrest, coronary artery bypass 

grafting (CABG), angioplasty, and worsening angina with objective evidence that 

resulted in hospitalization. In a randomized clinical trial for patients with a history of 

angina pectoris or acute myocardial infarction, the 6-year Kaplan-Meier probability 

Table 3.4 Sample size analysis for Aim 1 

Proportion of patients without 

CVD hospitalization who were 

adherent to CVD drugs in the 6-

month post-index period  

Proportion difference between two groups 

5% 10% 20% 30% 

50% 3130 776 186 78 

60% 2942 712 164 64 

70% 2502 588 124 44 
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without any atherosclerotic cardiovascular event was 53.0% ("Randomised trial of 

cholesterol lowering", 1994). In another clinical trial for patients with chronic heart 

failure in stable condition, the median event-free time was around 2.5 years. The events 

defined in the study were mortality from all causes and cardiovascular morbidity 

(Belardinelli, Georgiou, Cianci, & Purcaro, 1999).  The type-I error (α) was 0.05. The 

accrual time during which patients were recruited was 4.5 years because each patient in 

the study had baseline information for at least 1 year and the period of the dataset used in 

the study was 5.5 years. The estimated median follow-up period was 2 years. Table 3.5 

shows the sample size and power analysis for the study. 

Table 3.5 Sample size and power analysis for Aim 2  

Power Hazard 

Ratio 

Median Event-free Time for Nonadherent Patients 

2 Years 3 Years 4  Years 5 Years 

0.7 0.91 3718 4596 5516 6456 

 0.83 1038 1292 1556 1826 

 0.77 512 640 776 912 

0.8 0.91 4730 5846 7016 8210 

 0.83 1320 1642 1980 2322 

 0.77 652 916 986 1160 

 

3.6 Statistical analysis 

3.6.1 Data cleaning 

Data cleaning is the act of detecting and correcting (or removing) corrupt or 

inaccurate records from a dataset. The distribution of each variable used in the study was 

explored to detect values that were erroneous. Such exploratory methods as mean, 

medium, standard deviation, and range were used for data cleaning.  
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3.6.2 Matched individuals with and without CVD hospitalizations 

For Aim 1, patients with and without a CVD hospitalization were matched with 

the ratio 1:1. There were three subgroups: patients with AD, AH, or AL drugs. The 

subgroup of patients with AD drugs was taken as an example. Patients with and without a 

CVD hospitalization were matched on the first pharmacy claim (±6 month) of any AD 

drugs recorded in the database, age (±5 years), gender, race, number of drugs taken in the 

6-month pre-index period (±3 drug), and adherence rate to AD drugs in the 6-month pre-

index period (±5% PDC).  

Adherence rate to mediation generally declines over time. Chapman et al. (2005) 

found that the percentage of patients adherent to both AH and AL therapy declined 

sharply at 3, 6, and 12 months following the start of treatment. The percentages were 

44.7%, 35.9%, and 35.8%, respectively. Findings from a retrospective study (Benner et 

al., 2002) showed that the mean PDC rate declined over time from 79% in the first 3 

months of treatment, to 56% in the 4
th

 -6
th

 months of treatment, and to 42% after 120 

months.  A matched group was used to exclude the time effect on adherence rate to 

medication.  

3.6.3 Statistical analysis for Aim 1 

Conditional logistic regression was conducted to test the association of CVD 

hospitalizations with adherence to AD, AH, or AL drugs during the 6-month post-index 

period. Gender and race were matched between patients with and without CVD 

hospitalizations, so they were not included in the model. An assumption of the model is 

that the logit of the outcome variable is a linear combination of the independent variables. 

The first step was to detect influential observations. Correlation matrix was followed for 
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potential multicollinearity problems. The third step was to do goodness-of-fit tests, 

including Hosmer-Lemeshow, Pearson, and deviance, which were used to evaluate 

whether the models explain the data well. There were three models to represent patients 

with AD, AH, and AL drugs, respectively. The model for patients with AD drugs is 

shown below as an example. 

)]exp(1/[)exp()|1( YiYiXYP                              

exp(Yi)=exponential [   + Wi + Vi + Ui +Qi +Pi +Xi + 654321 ] 

Yi: Adherence to AD drugs during the 6-month post-index period (Adherence: 

PDC≥80%) 

Xi: CVD hospitalization (dummy) 

 Pi: Adherence rate to AD drugs for 6 months at baseline (dummy) 

 Qi: Age (categorical) 

 Ui: A vector of clinical confounding factors at baseline: CCI (continuous), 

number of micro- and macro-vascular diseases at baseline (continuous), obesity 

(dichotomous), psychiatric disorder (dichotomous), number of physician visits for 

diabetes, hypertension, and/or hyperlipidemia (continuous) 

 Vi: Number of medications taken for 6 months at baseline (continuous), and 

incident users of AD, AH, and/or AL drugs (dichotomous) 

 Wi: A vector of disease management at baseline: HbA1c test (dichotomous), 

cholesterol test (dichotomous) 

3.6.4 Alternative statistical analysis for Aim 1 

 Conditional logistic regression was conducted to test the association of CVD 

hospitalizations with changes in patient adherence to AD, AH, or AL drugs comparing 6-
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month post- to 6 months pre-index period. Gender and race were matched between 

patients with and without CVD hospitalizations, so they were not included in the model. 

The dependent variable, improvement in patient adherence to medicaiton, was 

categorized into two groups: PDCchange<5% and ≥5%.  Patients with high PDC in the 6-

month pre-index period had limited room to improve PDC during the 6-month post-index 

period. For example, if the PDC of a patient was 95% at baseline, improvement in 

medication adherence was in the range of 0-5% during the 6-month post-index period. 

Therefore, patients with high PDC at baseline were more likely to be in the group of 

PDCchange<5% . The model for patients with AD drugs is shown below as an example. 

)]exp(1/[)exp()|1( YiYiXYP                              

exp(Yi)=exponential [   + Wi + Vi + Ui +Qi +Pi +Xi + 654321 ] 

Yi: PDCchange≥5% (The reference group: PDCchange<5%) 

 Xi: CVD hospitalization (dummy) 

 Pi: Adherence to AD drugs for 6 months at baseline (dummy) 

 Qi: Age (categorical), gender (dummy), and race (dummy) 

  Ui: A vector of clinical confounding factors at baseline: CCI (continuous), 

number of micro- and macrovascular diseases at baseline (continuous), obesity 

(dichotomous), psychiatric disorder (dichotomous), number of physician visits for 

diabetes, hypertension, and/or hyperlipidemia (continuous) 

Vi: Number of medications taken for 6 months at baseline (continuous), and 

incident users of AD, AH, and/or AL drugs (dichotomous) 

Wi: A vector of disease management at baseline: HbA1c test (dichotomous), 

cholesterol test (dichotomous) 
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 The other form of the outcome, improvement in patient adherence to medication, 

was nonadherence in the 6-month pre-index period and adherence in the 6-month post-

index period. The reference group was patients without improvement in patient adherence 

to medication.  

)]exp(1/[)exp()|1( YiYiXYP                              

exp(Yi)=exponential [   + Wi + Vi + Ui +Qi +Xi + 65431 ] 

 Yi: Nonadherence in the 6-month pre-index period and adherence in the 6-month 

post-index period (The reference group was patients with no improvement in medication 

adherence.)     

3.6.5 Statistical analysis for Aim 1a 

Logistic regression analysis was conducted to explore other factors associated 

with changes in patient adherence to AD, AH, or AL drugs comparing 6-month post- to 

6-month pre-CVD hospitalization. Only patients with CVD hospitalizations were 

included for Aim 1a. The model for patients with AD drugs is shown below as an 

example: 

)]exp(1/[)exp()|1( YiYiXYP                              

exp(Yi)=exponential [   +Zi + Wi + Vi + Ui +Qi +Pi + 654321 ] 

 Yi: Adherence rate to AD drugs during the 6-month post-index period 

(Adherence: PDC≥80%) 

 Pi: Adherence to AD drugs for 6 months at baseline (dummy) 

 Qi: Age (categorical), gender (dummy), and race (dummy) 
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 Ui: A vector of clinical confounding factors at baseline: CCI (continuous), 

number of micro- and macro-vascular diseases at baseline (continuous), obesity 

(dichotomous), psychiatric disorder (dichotomous), number of physician visits for 

diabetes, hypertension, and/or hyperlipidemia (continuous) 

Vi: Number of medications taken for 6 months at baseline (continuous), and 

incident users of AD, AH, and/or AL drugs (dichotomous) 

Wi: A vector of disease management at baseline: HbA1c test (dichotomous), and 

cholesterol test (dichotomous) 

 Zi: Information on CVD hospitalization: length of CVD-related hospital stay 

(two dummy variables), and CVD-related hospital admission on the index date though 

the emergency department (dummy) 

3.6.6 Statistical analysis for Aim 2a 

Descriptive analysis was conducted to measure the proportion of patients who 

filled cardioprotective prescription drugs following a CVD event. Some patients already 

had these cardioprotective prescription fills prior to a CVD event, so they may have 

refilled these drugs at later time after a CVD event. The 1
st
, 2

nd
, 3

rd
, and 4

th
 weeks after a 

CVD event were tracked to find the proportion of patients who filled an AL agent, an 

antiplatelet agent, and an ACE inhibitor/ARB, respectively. 

3.6.7 Statistical analysis for Aim 2b 

Logistic regression analysis was conducted to explore factors associated with 

adherence to at least one cardioprotective drug in patients after a CVD event.  

)]exp(1/[)exp()|1( YiYiXYP                              
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exp(Yi)=exponential [   +Zi + Wi + Vi + Ui +Qi +Pi + 654321 ] 

Yi: Adherence to at least one cardio-protective drug during the follow-up period 

(dummy) 

Pi: Interrupted Medicaid coverage (dummy). 

Qi: Demographic characteristics: age (categorical), gender (dummy), and race 

(dummy) 

Ui: A vector of clinical confounding factors at baseline: CCI at baseline 

(continuous), total length of all-cause hospital stay at baseline (two dummy variables), 

number of micro- and macro-vascular diseases at baseline (continuous), obesity 

(dichotomous), hypertension (dummy), hyperlipidemia (dummy), psychiatric disorder 

(dichotomous), number of physician visits for diabetes, hypertension, and/or 

hyperlipidemia during the follow-up period (continuous) 

Vi: A vector of clinical confounding factors on the index date: CVD events 

identified using outpatient claims (dummy), length of CVD-related hospital stay (two 

dummy variables), heart failure (dummy), acute myocardial infarction (dummy), and 

cerebrovascular disease (dummy) 

Wi: Number of medications taken during the follow-up period (continuous) 

Zi: A vector of disease management: influenza vaccination (dichotomous), types 

of physician visits for CVD during the follow-up period (two dichotomous variables) 

3.6.8   Propensity score matching for Aim 2 

To adjust for imbalance in baseline characteristics between patient with adherence 

and nonadherence to at least one cardioprotective drug, patients in the two groups were 

matched 1:1 on nearest neighbor matching of propensity scores. The scores were 
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generated from a logistic regression model predicting adherence to at least one 

cardioprotective drug. To assess match quality, baseline characteristics were compared 

between matched pairs using Wilcoxon signed rank tests for continuous variables and the 

McNemar test for dichotomous variables.  

3.6.9   Statistical analysis for Aim 2 

Model selection was first conducted to address the issue of model over-

specification. The combination of stepwise regression, Akaike information criteria, and 

the best subset selection was used to develop the parsimonious model (Ernest S. 

Shtatland, Kleinman, & Catin, n.d.). Cox proportional-hazards regression was conducted 

to evaluate the impact of adherence to cardioprotective drugs on the utilization of hospital 

services in patients with a CVD event. The semiparametric model assumes that hazard 

ratios are constant over time. Influence diagnostics were conducted to detect influential 

observations. The martingale residuals were plotted against the covariates to detect 

nonlinearity. The scaled schoenfeld residuals were used to examine the proportional 

hazard assumption. Some covariates failed the assumption, so the solution was to include 

interactions between the covariates and time in the model. The events in the first, second, 

and third models were all-cause hospitalizations, CVD-related hospitalizations, and 

CVD-related ER visits, respectively. A patient was regarded as censored at disenrollment 

from Medicaid, an all-cause hospitalization (the first model) or a CVD hospitalization 

(the second model) or a CVD-related ER visit (the third model), death, or end of the 

study period, whichever occurred first. The model is shown below: 

  +Zi + Wi + Vi + Ui +Qi +Pi +Xi + exp()()( 76543210 ththi  )  
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Y in the first model: All-cause hospitalization 

Y in the second model: CVD-related hospitalization 

Y in the third model: CVD-related ER visits 

Xi: Adherence to at least one cardio-protective in the 6-month post-index period 

(dummy) 

Other covariates in this model were included from the model selection. 

3.6.10 Sensitivity analysis 

Patients with good adherence to one drug may be adherent to other medications. 

The association was explored in three respective groups for Aim 1. In the subgroup of 

patients with AD drugs, patients without any AH/AL drugs during the 1-year pre-index 

period were excluded. There was one more covariate included in the model of Aim 1. It 

was adherence rate to AH/AL drugs during the 6-month pre-index period. It was a 

dummy variable with adherence defined as PDC≥ 80%. In the subgroup of patients with 

AH drugs, patients without any AD/AL drugs during the one-year pre-index period were 

excluded. In the subgroup of patients with AL drugs, patients without any AD/AH drugs 

were excluded. 

Adherence rate to at least one cardioprotective drug was measured in one and 

two-year post-index periods.  The sensitivity analysis was conducted to explore the 

impact of long-term adherence on all-cause hospitalizations, CVD-related 

hospitalizations, or CVD-related ER visits.  
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Chapter 4 

4. Results 

4.1 Summary of the results for Aim 1 

Adherence and nonadherence were defined as PDC ≥80% and <80%, respectively. 

Patients with CVD hospitalization were 1.6 or 2.5 times more likely than those without 

CVD hospitalization to be adherent (PDC ≥80%) to AD or AH drugs in the 6-month 

post-index period. There was no association between CVD hospitalizations and 

adherence to AL drugs in the 6-month post-index period. Improved adherence was 

defined as at least 5% increase of medication adherence comparing the 6-month post- to 

the 6-month pre-index period. Patients with CVD hospitalization were 1.7 or 2.5 times 

more likely than those without CVD hospitalization to have improved adherence to AD 

or AH drugs. Alternative definition of improved adherence was nonadherent in the 6-

month pre-index period and adherent in the 6-month post-index period. Patients with 

CVD hospitalization were 1.7 (p =0.06), 2.8 (p<0.0001), or 1.8 (p=0.05) times more 

likely than those without CVD hospitalization to have improved adherence to AD, AH, or 

AL drugs, respectively. Sensitivity analyses show that the behavior of medication 

adherence was consistent across different CVD drugs (AD, AH, or AL drugs). The 

proportions of patients who were not adherent after a CVD hospitalization were 39%, 

34%, or 54% of patients with AD, AH, or AL drugs, respectively. African-Americans 

were less likely compared to other ethnic groups to be adherent to AD or AL drugs 

during the 6-month post-CVD hospitalization.  
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4.1.1 Study cohort for Aim 1 

The flow of study cohort of patients with AD drugs was shown as an example 

(Figure 3). The study sample size for patients with AD, AH, or AL drugs was 784, 2178, 

or 762, respectively. The case group was patients with CVD hospitalization, and the 

control group was patients without CVD hospitalization. If the type-I error and power 

were 0.05 and 80%, the sample size was enough to detect at least 10% difference 

comparing the proportion of case patients with adherence to CVD drugs during the 6-

month post-index period to that of control patients without adherence to CVD drugs.  
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Figure 3.  Flow of study cohort of patients with antidiabetic drugs 

4.1.2 The subgroup of patients with AD drugs 

4.1.2.1 Results for aim 1 in the subgroup of patients with AD drugs 

The mean adherence rate to AD drugs in patients without CVD hospitalization 

was 72% in a 6-month period, and the proportion of patients who were adherent was 50%. 

In the study, 392 patients with CVD hospitalization matched to 392 patients without 

7638 patients with at least one CVD 

hospitalization, which is the first 

hospitalization in the database 

2623 patients enrolled in Medicaid for at 

least the 1-year pre-CVD and 180-day 

post-CVD hospitalization periods 

666 patients with at least 1 pharmacy fill of 

AD drugs for the 180-day or up to 1-year 

pre-CVD hospitalization period 

556 patients with OADs or the 

combination of OADs and insulin 

527 patients with continuous Medicaid 

coverage (interrupted gap ≤ 30 days) 

Matched controls: 

 The first day of taking AD drugs 

recorded in the database ± 180 days 

 Age ± 5 years 

 Gender 

 Race 

 Number of drugs taken in the 6-

month pre-index period 

 Adherence rate to AD drugs in the 

6-month pre-index period (PDC± 5%) 

 

Other criteria for controls: 

  Diabetes diagnosis 

  At least 1 pharmacy fill of AD 

drugs for the 180-day or up to 1-year 

pre-index period 

 Enrolled in Medicaid for at least 

the 1-year pre-index and 180-day 

post-index periods  

 Patients with OADs or the 

combination of OADs and insulin 

 

  

 

 

392 cases matched 

to 392 controls 

897 patients with the diagnosis of diabetes 

in the 1-year CVD hospitalization period 
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CVD hospitalization. There was no statistical difference in age, gender, race, adherence 

rate to AD drugs in the 6-month pre-index period, mean number of drugs at baseline, 

mean number of physician visits for diabetes, hypertension, and/or hyperlipidemia at 

baseline, prevalent users, number of HbA1c tests, psychiatric disorders, obesity, at least 

one cholesterol test received at baseline, and adherence to AH and/or AL drugs in the 6-

month pre-index period. The group of patients with CVD hospitalization had a higher 

mean CCI score and number of micro- and macro-vascular diseases at baseline compared 

to the group of patients without CVD hospitalization. Mean adherence rate to AD drugs 

did not change in the group of patients with CVD hospitalization comparing the 6-month 

post- to the 6-month pre-index period, whereas there was 5% reduction in the group of 

patients without CVD hospitalization. The P-value is statistically significant. The 

proportion of patients with CVD hospitalization who were adherent in the 6-month post-

index period was 67%, while the proportion was 58% among patients without CVD 

hospitalization. The proportion of patients with improvement in adherence to AD drugs 

of at least 5% comparing the 6-month post- to the 6-month pre-index period was higher 

in the group of patients with CVD hospitalization than in the group of patients without 

CVD hospitalization (See Table 4.1A and 4.1B). 

Table 4.1A Baseline Characteristics and Study Outcomes of Patients with AD
1
 Drugs 

Variables Patients with CVD
2
 

hospitalization 

N=392 

Mean (SE)
3
 

Patients without CVD 

hospitalization 

N=392 

Mean (SE) 

P-value 

Adherence (PDC)
4
 rate to AD 

drugs in the 6-month pre-index 

period 

0.80 (0.012) 0.80 (0.013) 0.9478 

Age 55 (0.35) 54 (0.37) 0.1686 

Mean number of drugs at 

baseline  

12 (0.27) 12 (0.27) 0.2052 

Mean CCI
5
 1.3 (0.07) 0.81 (0.06) <0.0001 
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Number of Micro- & Macro- 

vascular diseases at baseline 

4.23 (0.14) 2.31 (0.11) <0.0001 

Number of physician visits for 

diabetes, hypertension, and/or 

hyperlipidemia at baseline 

5.57 (0.22) 5.37 (0.20) 0.5032 

Adherence (PDC) rate to AH
6
 

and/or AL
7
 drugs in the 6-month 

pre-index period 

0.77 (0.01) 0.78 (0.01) 0.8546 

Change in adherence (PDC) to 

AD drugs from the 6-month post 

to pre-index 

0.00 (0.011) -0.05 (0.011) 0.0059 

1: AD: Antidiabetic drugs 

2: CVD: Cardiovascular disease 

3. SE: Standard error 

4. PDC: Proportion of Days Covered 

5. CCI: Charlson Comorbidity Index 

5. AH: Antihypertensive drugs 

6. AL: Antihyperlipidemic drugs 

 
Table 4.1B  Baseline Characteristics and Study Outcomes of Patients with AD

1
 Drugs 

Variables Patients with 

CVD
2
 

hospitalization 

N (%) 

392 

Patients without 

CVD 

hospitalization 

N (%) 

392 

P-value 

African Americans 230 (58.67) 230 (58.67) 1.0000 

Female 278 (70.92) 278 (70.92) 1.0000 

Prevalent users 370 (94.39) 357 (91.07) 0.0738 

    Incident users 22 (5.61) 35 (8.93)  

Number of HbA1c
3
 tests ≥2 207 (52.81) 203 (51.79) 0.5133 

    One HbA1c test  102 (26.02) 115 (29.34)  

    No HbA1c test 83 (21.17) 74 (18.88)  

Psychiatric disorders 59 (15.05) 55 (14.03) 0.6853 

Obesity 68 (17.35) 53 (13.52) 0.1381 

At least one Cholesterol test 284 (72.45) 282(71.94) 0.8733 

Adherence (PDC
4
≥80%) to AH

5
 and/or  

AL
6 
drugs in 6-month pre-index period 

208 (53.06) 208 (53.06) 0.4134 

    Non-adherence (PDC<80%) to AH 

and/or AL drugs in 6-month pre-

index period 

144 (36.73) 133 (33.93)  

    No prescription fills of any AH 

and/or AL drugs in 6-month pre-

index period 

40 (10.20) 51 (13.01)  

Adherence (PDC ≥80%) to AD drugs in 

the 6-month post-index period  

261 (66.58) 228 (58.16) 0.0150 

Change in adherence (PDC) to AD drugs 

from 6-month post to pre-index 

   

PDCchange ≤ -5% 119 (30.36) 148 (37.76) 0.0166 

-5%< PDCchange  <5% 155 (39.54) 158 (40.31)  



 

47 

 

PDCchange ≥5% 118 (30.10) 86 (21.94)  
1: AD: Antidiabetic drugs 

2: CVD: Cardiovascular disease 

3. HbA1c: Hemoglobin A1c test 

4. PDC: Proportion of Days Covered 

5. AH: Antihypertensive drugs 

6. AL: Antihyperlipidemic drugs 
 

Patients with CVD hospitalization were 1.6 times more likely than those without 

CVD hospitalization to be adherent to AD drugs during the 6-month post-index period. 

Patients who were adherent to AD drugs during the 6-month pre-index period were 8.0 

times more likely than those who were not adherent to maintain adherence during the 6-

month post-index period (Table 4.2). 

Table 4.2 Impact of CVD
1
 hospitalization on adherence to AD

2
 drugs in the 6-month post-index 

period (N=784) 

Variables Reference group Odds 

Ratio 

95% Confidence 

Interval 

P- 

value 

CVD hospitalization No hospitalization 1.552 1.072 2.248 0.0200 

Adherence to AD drugs 

in the 6-month pre-index 

period 

Non-adherence to AD 

drugs in the 6-month pre-

index period 

8.002 5.446 11.758 <.0001 

Age 40-49 Age 18-39 2.255 0.764 6.653 0.1407 

Age 50-59  2.443 0.860 6.940 0.0937 

Age 60-64  3.020 1.023 8.918 0.0454 

Number of drugs taken in 

the 6-month pre-index 

period 

 1.014 0.978 1.052 0.4545 

Prevalent users Incident users 1.111 0.576 2.141 0.7537 

Micro- & Macro- 

vascular diseases at 

baseline 

 1.053 0.971 1.142 0.2108 

Number of HbA1c
3
 tests 

≥2 at baseline 

At most 1 HbA1c test at 

baseline 

1.171 0.792 1.732 0.4288 

Charlson Comorbidity 

Index (CCI) ≥2 

CCI<2 0.701 0.460 1.067 0.0971 

Physician visits for 

diabetes, hypertension, 

and/or hyperlipidemia at 

baseline 

 0.993 0.946 1.042 0.7733 

Psychiatric disorders 

(Yes/No) 

 0.915 0.556 1.507 0.7276 

Cholesterol test (Yes/No)  0.914 0.599 1.397 0.6784 
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Obesity (Yes/No)  1.413 0.860 2.320 0.1719 

1. CVD: Cardiovascular disease 

2. AD: Antidiabetic drugs 

3. HbA1c: Hemoglobin A1c test 

 

Improved adherence was defined as 5% increase of PDC comparing the 6-month 

post-index to the 6-month pre-index period. Patients with CVD hospitalization were 1.7 

times more likely than those without CVD hospitalization to have improved adherence. 

Patients who were adherent to AD drugs during the 6-month pre-index period were 87% 

less likely than those who were not adherent to have improved adherence. Patients with 

CCI score ≥2 were 40% less likely than those with CCI score <2 to be in the group of 

improved adherence (Table 4.3). 

Table 4.3 Impact of CVD
1
 hospitalization on improved adherence (PDC

2
change ≥5%) to AD

3
 drugs 

(N=784) 

Variables Reference group Odds 

Ratio 

95% Confidence 

Interval 

P- 

value 

CVD hospitalization No hospitalization 1.733 1.161 2.586 0.0071 

Adherence to AD drugs in the 6-

month pre-index period 

Non-adherence to AD 

drugs in the 6-month 

pre-index period 

0.129 0.086 0.195 <.0001 

Age 40-49 Age 18-39 1.077 0.410 2.831 0.8797 

Age 50-59  0.805 0.319 2.032 0.6459 

Age 60-64  0.809 0.305 2.145 0.6700 

Number of drugs taken in the 6-

month pre-index period 

 0.984 0.945 1.024 0.4223 

Prevalent users Incident users 0.611 0.313 1.193 0.1490 

Micro- & Macro- vascular diseases at 

baseline 

 1.039 0.952 1.134 0.3879 

Number of HbA1c
4
 tests ≥2 at 

baseline 

At most 1 HbA1c test 

at baseline 

0.902 0.588 1.386 0.6392 

Charlson Comorbidity Index (CCI) 

≥2 

CCI<2 0.598 0.368 0.973 0.0383 

Physician visits for diabetes, 

hypertension, and/or hyperlipidemia 

at baseline 

 0.969 0.915 1.028 0.2965 

Psychiatric disorders (Yes/No)  0.862 0.476 1.561 0.6246 

Cholesterol test (Yes/No)  0.777 0.498 1.212 0.2658 

Obesity (Yes/No)  1.305 0.782 2.176 0.3078 
1. CVD: Cardiovascular disease 

2. PDC: Proportional days covered  

3. AD: Antidiabetic drugs 
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4. HbA1c: Hemoglobin A1c test 

Alternative improved adherence was defined as nonadherence in the pre-index 

period and adherence in the post-index period. Patients with CVD hospitalization were 

1.7 times more likely than those without CVD hospitalization to be in the group of 

improved adherence. The P-value is marginally significant. Patients with one more drug 

taken in the 6-month pre-index period were 6% less likely to have improved adherence. 

Patients with CCI score ≥2 were 68% less likely than those with CCI score <2 to be in the 

group of improved adherence (Table 4.4). 

Table 4.4 Impact of CVD
1
 hospitalization on the likelihood of pre-index nonadherence and post-index 

adherence to AD
2
 drugs (N=784) 

Variables Reference group Odds 

Ratio 

95% Confidence 

Interval 

P- 

value 

CVD hospitalization No hospitalization 1.654 0.980 2.794 0.0597 

Age 40-49 Age 18-39 0.826 0.244 2.802 0.7593 

Age 50-59  0.894 0.281 2.847 0.8493 

Age 60-64  0.545 0.155 1.911 0.3430 

Number of drugs taken in the 6-

month pre-index period 

 0.942 0.893 0.994 0.0283 

Prevalent users Incident users 0.901 0.376 2.156 0.8145 

Micro- & Macro- vascular diseases at 

baseline 

 1.024 0.912 1.151 0.6838 

Number of HbA1c
3
 tests ≥2 at 

baseline 

At most 1 HbA1c test 

at baseline 

1.074 0.605 1.908 0.8074 

Charlson Comorbidity Index (CCI) 

≥2 

CCI<2 0.320 0.145 0.707 0.0048 

Physician visits for diabetes, 

hypertension, and/or hyperlipidemia 

at baseline 

 0.923 0.848 1.005 0.0656 

Psychiatric disorders (Yes/No)  0.499 0.192 1.294 0.1526 

Cholesterol test (Yes/No)  0.974 0.539 1.760 0.9317 

Obesity (Yes/No)  1.264 0.653 2.448 0.4866 
1. CVD: Cardiovascular disease 

2. AD: Antidiabetic drugs 

3. HbA1c: Hemoglobin A1c test 

 

4.1.2.2 Results for Aim 1a in the subgroup of patients with AD drugs 

In the study, 39% of 527 patients with CVD hospitalization were not adherent to 

AD drugs after a CVD hospitalization. Patients who were adherent to AD drugs during 
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the 6-month pre-index period were 11.5 times more likely than those who were not 

adherent to be adherent in the 6-month post-index period. African-Americans were 52% 

less likely compared to other ethnics to be adherent in the 6-month post-index period. 

One additional prescription drug filled in the 6-month pre-index period increased the 

likelihood of adherence to AD drugs by 4% in the 6-month post-index period (Table 4.5).  

Table 4.5  Impact of patient characteristics on adherence to AD
1
 drugs in the 6-month post-index 

period among patients with CVD
2
 hospitalization (N=527) 

Variables Reference group Odds 

Ratio 

95% Confidence 

Interval 

P- 

value 

Adherence to AD drugs 

in the 6-month pre-index 

period 

Non-adherence to AD 

drugs in the 6-month 

pre-index period 

11.452 7.096 18.481 <.0001 

Age 40-49 Age 18-39 2.114 0.673 6.639 0.1999 

Age 50-59  2.221 0.741 6.655 0.1540 

Age 60-64  1.984 0.627 6.275 0.2438 

African-Americans Other ethnic groups 0.482 0.305 0.762 0.0018 

Female Male 0.855 0.516 1.415 0.5413 

Number of drugs taken in 

the 6-month pre-index 

period 

 1.041 1.000 1.084 0.0495 

Prevalent users Incident users 2.141 0.959 4.776 0.0630 

Micro- & Macro- 

vascular diseases at 

baseline 

 1.036 0.942 1.138 0.4688 

Number of HbA1c
3
 tests 

≥2 at baseline 

At most 1 HbA1c test at 

baseline 

1.288 0.769 2.156 0.3357 

Charlson Comorbidity 

Index (CCI) ≥2 

CCI<2 0.732 0.440 1.218 0.2299 

Physician visits for 

diabetes, hypertension, 

and/or hyperlipidemia at 

baseline 

 0.997 0.938 1.059 0.9112 

Psychiatric disorders 

(Yes/No) 

 0.903 0.484 1.684 0.7481 

Cholesterol test (Yes/No)  0.899 0.526 1.539 0.6987 

Obesity (Yes/No)  1.759 0.955 3.239 0.0699 

Length of CVD-related 

hospital stay for 3 to 5  

days 

Length of CVD-related 

hospital stay for 1 to 2  

days 

1.170 0.660 2.073 0.5915 

Length of CVD-related 

hospital stay for over 5 

days 

0.886 0.480 1.639 0.7007 
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CVD hospital admission 

through the emergency 

department 

 0.788 0.469 1.325 0.3693 

1. CVD: Cardiovascular disease 

2. AD: Antidiabetic drugs 
3. HbA1c: Hemoglobin A1c test 

 

4.1.2.3 Sensitivity analysis for Aim 1 in the subgroup of patients with AD drugs 

Patients with AH and/or AL drugs were included in the analysis. The likelihood 

of adherence to AD drugs during the 6-month post-index period was higher in patients 

with CVD hospitalization (Odds Ratio (OR): 1.7), those who were adherent to AD drugs 

in the 6-month pre-index period (OR: 6.4), those who had a diagnosis of obesity (OR: 

1.8), and those who were adherent to AH and/or AL drugs in the 6-month pre-index 

period (OR: 4.1) compared to those without CVD hospitalization, those who were not 

adherent to AD drugs in the 6-month pre-index period, those who were not obese, and 

those who were not adherent to AH and/or AL drugs in the 6-month pre-index period, 

respectively (Table 4.6).  

Table 4.6 Impact of CVD
1
 hospitalization on adherence to AD

2
 drugs in the 6-month post-index 

period (N=700) 

Variables Reference group Odds 

Ratio 

95% Confidence 

Interval 

P- 

value 

CVD hospitalization No hospitalization 1.724 1.148 2.589 0.0087 

Adherence to AD drugs 

in the 6-month pre-index 

period 

Non-adherence to AD 

drugs in the 6-month pre-

index period 

6.435 4.077 10.156 <.0001 

Age 40-49 Age 18-39 3.109 0.855 11.306 0.0850 

Age 50-59  2.744 0.788 9.554 0.1128 

Age 60-64  3.399 0.942 12.259 0.0616 

Number of drugs taken in 

the 6-month pre-index 

period 

 1.006 0.966 1.047 0.7769 

Prevalent users Incident users 0.919 0.435 1.940 0.8247 

Micro- & Macro- 

vascular diseases at 

baseline 

 1.067 0.974 1.169 0.1611 
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Number of HbA1c
3
 tests 

≥2 at baseline 

At most 1 HbA1c test at 

baseline 

1.098 0.716 1.684 0.6681 

Charlson Comorbidity 

Index (CCI) ≥2 

CCI<2 0.705 0.448 1.110 0.1315 

Physician visits for 

diabetes, hypertension, 

and/or hyperlipidemia at 

baseline 

 0.991 0.942 1.043 0.7303 

Psychiatric disorders 

(Yes/No) 

 0.892 0.522 1.526 0.6771 

Cholesterol test (Yes/No)  0.899 0.551 1.467 0.6705 

Obesity (Yes/No)  1.830 1.090 3.071 0.0223 

Adherence to AH
4
 and/or 

AL
5
 drugs in the 6-month 

pre-index period  

Non-adherence to AH 

and/or AL drugs in the 6-

month pre-index period 

4.078 1.674 9.932 0.0020 

1. CVD: Cardiovascular disease 

2. AD: Antidiabetic drugs 

3. HbA1c: Hemoglobin A1c test 

4. AH: Antihypertensive drugs 

5. AL: Antihyperlipidemia drugs 

 

4.1.3 The subgroup of patients with AH drugs 

4.1.3.1 Results for Aim 1 in the subgroup of patients with AH drugs 

The mean adherence rate to AH drugs in patients without CVD hospitalization 

was 68% in a 6-month period, and the proportion of patients who were adherent was 47%. 

In the study, 1089 patients with CVD hospitalization matched to 1089 patients without 

CVD hospitalization. There was no statistical difference in gender, race, adherence rate to 

AH drugs in the 6-month pre-index period, prevalent users, psychiatric disorders, obesity, 

and at least one cholesterol test received at baseline. The group of patients with CVD 

hospitalization was older, had a higher mean number of drugs taken, mean CCI score, 

mean number of micro- and macro-vascular diseases, and mean number of physician 

visits for diabetes, hypertension, and/or hyperlipidemia at baseline compared to the group 

of patients without CVD hospitalization. The mean adherence rate to AD and/or AL 

drugs in the 6-month pre-index period was lower in the group of patients with CVD 
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hospitalization than in the group of those without CVD hospitalization. There was 5% 

increase of patient adherence to AH drugs comparing the 6-month post- to the 6-month 

pre-index period, whereas there was 5% reduction in the group of patients without CVD 

hospitalization. The P-value is statistically significant. The proportion of patients without 

AD and/or AL prescription drugs filled was higher in the group of patients with CVD 

hospitalization. The proportion of patients with CVD hospitalization who were adherent 

in the 6-month post-index period was 68%, while the proportion was 52% among patients 

without CVD hospitalization. The proportion of patients with improvement in adherence 

to AD drugs of at least 5% comparing the 6-month post- to the 6-month pre-index period 

was higher in the group of patients with CVD hospitalization than in the group of patients 

without CVD hospitalization (Table 4.7A and 4.7B). 

Table 4.7A The Baseline Characteristics and Study Outcomes of Patients with AH
1
 Drugs 

Variables Patients with CVD
2
 

hospitalization 

N=1089 

Mean (SE)
3
 

Patients without CVD 

hospitalization 

N=1089 

Mean (SE) 

P-value 

Adherence (PDC)
4
 rate to AH 

drugs in the 6-month pre-index 

period 

0.75 (0.008) 0.75 (0.009) 0.6959 

Age 54 (0.23) 53 (0.23) 0.0091 

Mean number of drugs at 

baseline  

10.3 (0.17) 9.8 (0.18) 0.0364 

Mean CCI
5
 1.4 (0.05) 0.9 (0.04) <0.0001 

Number of Micro- & Macro- 

vascular diseases at baseline 

4.1 (0.08) 2.1 (0.05) <0.0001 

Number of physician visits for 

diabetes, hypertension, and/or 

hyperlipidemia at baseline 

3.8 (0.11) 3.4 (0.10) 0.0055 

Adherence (PDC) rate to AD
6
 

and/or AL
7
 drugs in the 6-month 

pre-index period 

0.68 (0.02) 0.73 (0.01) 0.0089 

Change in adherence (PDC) to 

AH drugs from 6-month post to 

pre-index 

0.05 (0.007) -0.05 (0.007) <0.0001 

1: AH: Antihypertensive drugs 

2: CVD: Cardiovascular Disease 
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3: SE: Stand Error 

4. PDC: Proportion of Days Covered 

5. CCI: Charlson Comorbidity Index 

6. AD: Antidiabetic drugs 

7: AL: Antihyperlipidemic drugs 

Patients with CVD hospitalization were 2.5 times more likely than those without 

CVD hospitalization to be adherent to AH drugs during the 6-month post-index period. 

Patients who were adherent to AH drugs during the 6-month pre-index period were 8.5 

times more likely than those who were not adherent to maintain adherent during the 6-

month post-index period. One additional prescription drug filled in the 6-month pre-index 

Table 4.7B The Baseline Characteristics and Study Outcomes of Patients with AH
1
 Drugs 

Variables Patients with 

CVD
2
 

hospitalization 

N (%) 

1089 

Patients without 

CVD 

hospitalization 

N (%) 

1089 

P-value 

Blacks 710 (65.20) 710 (65.20) 1.0000 

Female 751 (68.96) 751 (68.96) 1.0000 

Prevalent users 985 (90.45) 964 (88.52) 0.1424 

    Incident users 104 (9.55) 125 (11.48)  

Psychiatric disorders 135 (12.40) 139 (12.76) 0.7961 

Obesity 167 (15.34) 136 (12.49) 0.0549 

At least one Cholesterol test 680 (62.44) 655 (60.15) 0.2714 

Adherence ( PDC
3
≥80%) to AD

4
 and/or  

AL
5 
drugs in the 6-month pre-index period 

204 (18.73) 275 (25.25) <0.0001 

  Non-adherence (PDC<80%) to 

 AD and/or AL drugs in the 6 month  

 pre-index period 

220 (20.20) 255 (23.42)  

 No prescription fills of any AD  

 and/or AL drugs in the 6-month  

 pre-index period 

665 (61.07) 559 (51.33)  

Adherence ( PDC ≥80%) to AH drugs in 

the 6-month post-index period  

739 (67.86) 564 (51.79) <0.0001 

Change in adherence (PDC) to AH drugs 

from the 6-month post to pre-index 

   

PDCchange ≤ -5% 249 (22.87) 414 (38.02) <0.0001 

-5%< PDCchange  <5% 409 (37.56) 411 (37.74)  

PDCchange ≥5% 431 (39.58) 264 (24.24)  
1: AH: Antihypertensive drugs 

2: CVD: Cardiovascular disease 

3. PDC: Proportion of Days Covered 

4. AD: Antidiabetic drugs 

5. AL: Antihyperlipidemic drugs 
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period increased 3% the likelihood of adherence to AH drugs in the 6-month post-index 

period. Prevalent users were 1.6 times more likely than incident users to be adherent in 

the 6-month post-index period (Table 4.8). 

Table 4.8 Impact of CVD
1 
hospitalization on adherence to AH

2 
drugs in the 6-month post-index 

period (N=2178) 

Variables Reference group Odds 

Ratio 

95% Confidence 

Interval 

P- 

value 

CVD hospitalization No hospitalization 2.530 2.009 3.186 <.0001 

Adherence to AH drugs 

in the 6-month pre-index 

period 

Non-adherence to AH 

drugs in the 6-month pre-

index period 

8.538 6.858 10.630 <.0001 

Age 40-49 Age 18-39 0.807 0.510 1.275 0.3580 

Age 50-59  0.969 0.625 1.502 0.8881 

Age 60-64  1.082 0.682 1.716 0.7379 

Number of drugs taken in 

the 6-month pre-index 

period 

 1.025 1.004 1.048 0.0212 

Prevalent users Incident users 1.578 1.132 2.200 0.0071 

Micro- & Macro- 

vascular diseases at 

baseline 

 1.011 0.957 1.068 0.6878 

Charlson Comorbidity 

Index (CCI) ≥2 

CCI<2 0.859 0.670 1.101 0.2287 

Physician visits for 

diabetes, hypertension, 

and/or hyperlipidemia at 

baseline 

 1.026 0.992 1.062 0.1341 

Psychiatric disorders 

(Yes/No) 

 0.909 0.660 1.253 0.5601 

Cholesterol test (Yes/No)  1.017 0.818 1.265 0.8777 

Obesity (Yes/No)  1.038 0.770 1.399 0.8087 

1. CVD: Cardiovascular disease 

2. AH: Antihypertensive drugs 

 

Improved adherence was defined as 5% increase of PDC comparing the 6-month 

post-index to the 6-month pre-index period. Patients with CVD hospitalization were 2.5 

times more likely than those without CVD hospitalization to have improved adherence. 

Improved adherence was less likely to be shown in patients who were adherent in the 6-
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month pre-index period (OR: 0.1) or in those with at least one cholesterol test at baseline 

(OR: 0.8) compared to those who were not adherent or those without any cholesterol tests 

at baseline, respectively. Patients with one additional prescription drug filled in the 6-

month pre-index period were 3% less likely to have improved adherence (Table 4.9). 

Table 4.9 Impact of CVD
1
 hospitalization on improved adherence (PDC

2
change ≥5%) to AH

3
 

drugs (N=2178) 

Variables Reference group Odds 

Ratio 

95% Confidence 

Interval 

P- 

value 

CVD hospitalization No hospitalization 2.524 2.004 3.179 <.0001 

Adherence to AH drugs 

in the 6-month pre-index 

period 

Non-adherence to AH 

drugs in the 6-month pre-

index period 

0.135 0.108 0.169 <.0001 

Age 40-49 Age 18-39 1.533 0.966 2.433 0.0700 

Age 50-59  1.174 0.754 1.828 0.4785 

Age 60-64  1.130 0.709 1.801 0.6073 

Number of drugs taken in 

the 6-month pre-index 

period 

 0.974 0.952 0.996 0.0189 

Prevalent users Incident users 1.252 0.903 1.736 0.1773 

Micro- & Macro- 

vascular diseases at 

baseline 

 0.992 0.940 1.048 0.7813 

Charlson Comorbidity 

Index (CCI) ≥2 

CCI<2 0.894 0.693 1.152 0.3853 

Physician visits for 

diabetes, hypertension, 

and/or hyperlipidemia at 

baseline 

 1.012 0.979 1.046 0.4797 

Psychiatric disorders 

(Yes/No) 

 1.137 0.813 1.591 0.4525 

Cholesterol test (Yes/No)  0.781 0.627 0.974 0.0280 

Obesity (Yes/No)  1.226 0.910 1.651 0.1798 

1. CVD: Cardiovascular disease 

2. PDC: Proportional days covered 

3.  AH: Antihypertensive drugs 

 

Alternative improved adherence was defined as nonadherence in the pre-index 

period and adherence in the post-index period. Patients with CVD hospitalization were 

2.8 times more likely than those without CVD hospitalization to be in the group of 
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improved adherence.  Patients with one more drug taken in the 6-month pre-index period 

were 5% less likely to have improved adherence (Table 4.10). 

Table 4.10 Impact of CVD
1
 hospitalization on the likelihood of pre-index nonadherence and 

post-index adherence to AH
2
 drugs (N=2178) 

Variables Reference group Odds 

Ratio 

95% Confidence 

Interval 

P- 

value 

CVD hospitalization No hospitalization 2.770 2.066 3.714 <.0001 

Age 40-49 Age 18-39 1.031 0.572 1.857 0.9202 

Age 50-59  1.139 0.649 1.996 0.6507 

Age 60-64  1.148 0.639 2.064 0.6448 

Number of drugs taken in 

the 6-month pre-index 

period 

 0.948 0.922 0.974 0.0001 

Prevalent users Incident users 1.135 0.747 1.725 0.5530 

Micro- & Macro- 

vascular diseases at 

baseline 

 0.988 0.925 1.055 0.7189 

Charlson Comorbidity 

Index (CCI) ≥2 

CCI<2 0.889 0.653 1.211 0.4548 

Physician visits for 

diabetes, hypertension, 

and/or hyperlipidemia at 

baseline 

 1.005 0.964 1.046 0.8290 

Psychiatric disorders 

(Yes/No) 

 0.788 0.500 1.244 0.3069 

Cholesterol test (Yes/No)  0.934 0.711 1.227 0.6250 

Obesity (Yes/No)  1.098 0.763 1.579 0.6156 

1. CVD: Cardiovascular disease 

2. AH: Antihypertensive drugs 

4.1.3.2 Results for Aim 1a in the subgroup of patients with AH drugs 

In the study, 34% of 1214 patients with CVD hospitalization were not adherent to 

AH drugs after a CVD hospitalization. Prevalent users, patients with the length of CVD 

hospitalization of over 5 days, those with CVD hospitalization through emergency 

department, or those who were adherent to AH drugs during the 6-month pre-index 

period were 1.6 times, 1.7 times, 1.5 times, or 8.0 times more likely to be adherent in the 

6-month post-index period compared to incident users, patients with the length of CVD 

hospitalization of 1 or 2 days, those without CVD hospitalization through emergency 
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department, or those who were not adherent during the 6-month pre-index period, 

respectively (Table 4.11).  

Table 4.11  Impact of patient characteristics on adherence to AH
1
 drugs in the 6-month post-

index period among patients with CVD
2
 hospitalization (N=1214) 

Variables Reference group Odds 

Ratio 

95% Confidence 

Interval 

P- 

value 

Adherence to AH drugs 

in the 6-month pre-index 

period 

Non-adherence to AH 

drugs in the 6-month 

pre-index period 

7.953 5.894 10.731 <.0001 

Age 40-49 Age 18-39 1.167 0.642 2.122 0.6127 

Age 50-59  1.513 0.852 2.687 0.1576 

Age 60-64  1.559 0.853 2.849 0.1489 

African-Americans Other ethnic groups 0.853 0.635 1.144 0.2883 

Female Male 0.874 0.643 1.188 0.3902 

Number of drugs taken in 

the 6-month pre-index 

period 

 1.016 0.989 1.043 0.2479 

Prevalent users Incident users 1.596 1.041 2.448 0.0321 

Micro- & Macro- 

vascular diseases at 

baseline 

 1.017 0.955 1.082 0.6031 

Charlson Comorbidity 

Index (CCI) ≥2 

CCI<2 0.741 0.546 1.006 0.0550 

Physician visits for 

diabetes, hypertension, 

and/or hyperlipidemia at 

baseline 

 1.036 0.991 1.082 0.1191 

Psychiatric disorders 

(Yes/No) 

 0.924 0.603 1.418 0.7190 

Cholesterol test (Yes/No)  0.816 0.606 1.100 0.1826 

Obesity (Yes/No)  1.280 0.862 1.901 0.2216 

Length of CVD-related 

hospital stay for 3 to 5  

days 

Length of CVD-related 

hospital stay for 1 to 2  

days 

1.145 0.821 1.598 0.4244 

Length of CVD-related 

hospital stay for over 5 

days 

1.707 1.161 2.510 0.0066 

CVD hospital admission 

through the emergency 

department 

 1.477 1.079 2.021 0.0148 

1. AH: Antihypertensive drugs 

2. CVD: Cardiovascular disease 
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4.1.3.3 Sensitivity analysis for Aim 1 in the subgroup of patients with AH drugs 

Patients with AD and/or AL drugs were included in the analysis. The likelihood 

of adherence to AH drugs during the 6-month post-index period was higher in patients 

with CVD hospitalization (OR: 3.0), those who were adherent to AH drugs in the 6-

month pre-index period (OR: 6.8), or those who were adherent to AD and/or AL drugs in 

the 6-month pre-index period (OR: 2.0) compared to those without CVD hospitalization, 

those who were not adherent to AH drugs in the 6-month pre-index period, or those who 

were not adherent to AD and/or AL drugs, respectively (Table 4.12).  

Table 4.12 Impact of CVD
1
 hospitalization on adherence to AH

2
 drugs in the 6-month post-

index period (N=1206) 

Variables Reference group Odds 

Ratio 

95% Confidence 

Interval 

P- 

value 

CVD hospitalization No hospitalization 2.960 2.142 4.090 <.0001 

Adherence to AH drugs 

in the 6-month pre-index 

period 

Non-adherence to AH 

drugs in the 6-month pre-

index period 

6.782 4.887 9.412 <.0001 

Age 40-49 Age 18-39 0.741 0.303 1.816 0.5127 

Age 50-59  1.164 0.488 2.774 0.7325 

Age 60-64  1.265 0.518 3.084 0.6058 

Number of drugs taken in 

the 6-month pre-index 

period 

 1.034 1.004 1.065 0.0240 

Prevalent users Incident users 1.531 0.869 2.698 0.1406 

Micro- & Macro- 

vascular diseases at 

baseline 

 1.014 0.947 1.085 0.6966 

Charlson Comorbidity 

Index (CCI) ≥2 

CCI<2 0.860 0.605 1.223 0.4009 

Physician visits for 

diabetes, hypertension, 

and/or hyperlipidemia at 

baseline 

 0.992 0.952 1.035 0.7156 

Psychiatric disorders 

(Yes/No) 

 0.772 0.514 1.158 0.2111 

Cholesterol test (Yes/No)  1.007 0.720 1.410 0.9656 

Obesity (Yes/No)  0.841 0.568 1.244 0.3853 

Adherence to AD
3
 and/or 

AL
4
 drugs in the 6-month 

pre-index period  

Non-adherence to AD 

and/or AL drugs in the 6-

month pre-index period 

1.968 1.435 2.699 <.0001 
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1.   CVD: Cardiovascular disease 

2.   AH: Antihypertensive drugs 

3.   AD: Antidiabetic drugs 

4.   AL: Antihyperlipidemia drugs 

 

4.1.4 The subgroup of patients with AL drugs 

4.1.4.1 Results for Aim 1 in the subgroup of patients with AL drugs 

The mean adherence rate to AL drugs in patients without CVD hospitalization 

was 66% in a 6-month period, and the proportion of patients who were adherent was 43%. 

In the study, 381 patients with CVD hospitalization matched to 381 patients without 

CVD hospitalization. The group of patients with CVD hospitalization had a higher mean 

CCI score and mean number of micro- and macro-vascular diseases compared to the 

group of patients without CVD hospitalization. Among patients with CVD hospitalization, 

patient adherence to AL drugs in the 6-month post-index period was 2% lower than that 

in the 6-month pre-index period, whereas there was 7% reduction in the group of patients 

without CVD hospitalization. The P-value is statistically significant. The proportion of 

patients without AD and/or AH prescription drugs filled was higher in the group of 

patients without CVD hospitalization than in the group of those with CVD hospitalization 

(Table 4.13A and 4.13B). 

 

Table4.13A Baseline Characteristics and Study Outcomes of Patients with AL
1
 Drugs 

Variables Patients with CVD
2
 

hospitalization 

N=381 

Mean (SE)
3
 

Patients without CVD 

hospitalization 

N=381 

Mean (SE) 

P-value 

Adherence (PDC)
4
 rate to AL 

drugs in the 6-month pre-index 

period 

0.71 (0.015) 0.70 (0.015) 0.6959 

Age 55 (0.33) 55 (0.33) 0.4430 

Mean number of drugs at 11.5 (0.28) 11.0 (0.28) 0.1694 
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baseline  

Mean CCI
5
 1.4 (0.07) 0.9 (0.06) <0.0001 

Number of Micro- & Macro- 

vascular diseases at baseline 

4.8 (0.15) 2.7 (0.12) <0.0001 

Number of physician visits for 

diabetes, hypertension, and/or 

hyperlipidemia at baseline 

4.9 (0.22) 4.6 (0.24) 0.5140 

Adherence (PDC) rate to AD
6
 

and/or AH
7
 drugs in the 6-month 

pre-index period 

0.80 (0.01) 0.82 (0.01) 0.1676 

Change in adherence (PDC) to 

AL drugs from 6-month post to 

pre-index 

-0.02 (0.013) -0.07 (0.012) 0.0132 

1: AL: Antihyperlipidemic drugs 

2: CVD: Cardiovascular Disease 

3: SE: Stand Error 

4. PDC: Proportion of Days Covered 

5. CCI: Charlson Comorbidity Index 

6. AD: Antidiabetic drugs 

7: AH: Antihypertensive drugs 
 

Table 4.13B  Baseline Characteristics and Study Outcomes of Patients with AL
1
 Drugs 

Variables Patients with 

CVD
2
 

hospitalization 

N (%) 

381 

Patients without 

CVD 

hospitalization 

N (%) 

381 

P-value 

Blacks 174 (45.67) 174 (45.67) 1.0000 

Female 275 (72.18) 275 (72.18) 1.0000 

Prevalent users 327 (85.83) 316 (82.94) 0.2723 

    Incident users 54 (14.17) 65 (17.06)  

Psychiatric disorders 59 (15.49) 64 (16.80) 0.6225 

Obesity 60 (15.75) 54 (14.17) 0.5423 

At least one Cholesterol test 316 (82.94) 322 (84.51) 0.5560 

Adherence ( PDC
3
≥80%) to AD

4
 and/or 

AH
5 
drugs in the 6-month pre-index period 

212 (55.64) 219 (57.48) <0.0035 

Non-adherence (PDC<80%) to 

AD and/or AH drugs in the 6 month 

pre-index period 

129 (33.86) 96 (25.20)  

No prescription fills of any AD and/or 

AH drugs in the 6-month pre-index 

period 

40 (10.50) 66 (17.32)  

Adherence ( PDC ≥80%) to AL drugs in 

the 6-month post-index period  

189 (49.61) 170 (44.62) 0.1679 

Change in adherence (PDC) to AL drugs 

from the 6-month post to pre-index 

   

PDCchange ≤ -5% 147 (38.58) 156 (40.94) 0.0924 

-5%< PDCchange  <5% 121 (31.76) 138 (36.22)  

PDCchange ≥5% 113 (29.66) 87 (22.83)  
1: AL: Antihyperlipidemic drugs 
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2: CVD: Cardiovascular disease 

3. PDC: Proportion of Days Covered 

4. AD: Antidiabetic drugs 

5. AH: Antihypertensive drugs 

 

Patients who were adherent to AL drugs during the 6-month pre-index period 

were 9.3 times more likely than those who were not adherent to maintain adherence 

during the 6-month post-index period (Table 4.14). Improved adherence was defined as 

5% increase of PDC comparing the 6-month post-index to the 6-month pre-index period. 

Improved adherence was less likely shown in patients who were adherent to AL drugs in 

the 6-month pre-index period (OR: 0.2) compared to those who were not adherent (Table 

4.15). Alternative definition of improved adherence was defined as nonadherence in the 

pre-index period and adherence in the post-index period. Patients with CVD 

hospitalization were 1.8 times more likely than those without CVD hospitalization to 

have improved adherence (Table 4.16). 

Table 4.14 Impact of CVD
1
 hospitalization on adherence to AL

2
 drugs in the 6-month post-index 

period (N=762) 

Variables Reference group Odds 

Ratio 

95% Confidence 

Interval 

P- 

value 

CVD hospitalization No hospitalization 1.239 0.856 1.792 0.2559 

Adherence to AL drugs in 

the 6-month pre-index 

period 

Non-adherence to AL 

drugs in the 6-month pre-

index period 

9.315 6.465 13.421 <.0001 

Age 40-49 Age 18-39 0.638 0.187 2.177 0.4732 

Age 50-59  0.664 0.203 2.177 0.4994 

Age 60-64  0.919 0.273 3.093 0.8915 

Number of drugs taken in 

the 6-month pre-index 

period 

 1.010 0.975 1.046 0.5915 

Prevalent users Incident users 1.176 0.723 1.913 0.5147 

Micro- & Macro- 

vascular diseases at 

baseline 

 1.031 0.958 1.109 0.4211 

Charlson Comorbidity 

Index (CCI) ≥2 

CCI<2 0.942 0.629 1.410 0.7713 
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Physician visits for 

diabetes, hypertension, 

and/or hyperlipidemia at 

baseline 

 1.006 0.966 1.046 0.7843 

Psychiatric disorders 

(Yes/No) 

 1.049 0.658 1.671 0.8404 

Cholesterol test (Yes/No)  0.835 0.522 1.337 0.4528 

Obesity (Yes/No)  1.079 0.660 1.764 0.7616 

1. CVD: Cardiovascular disease 

2.AL: Antihyperlipidemic drug 

 

Table 4.15 Impact of CVD
1
 hospitalization on improved adherence (PDC

2
change ≥5%) to AL

3
 

drugs (N=762) 

Variables Reference group Odds 

Ratio 

95% Confidence 

Interval 

P- 

value 

CVD hospitalization No hospitalization 1.351 0.920 1.984 0.1247 

Adherence to AL drugs in 

the 6-month pre-index 

period 

Non-adherence to AL 

drugs in the 6-month pre-

index period 

0.164 0.109 0.245 <.0001 

Age 40-49 Age 18-39 1.215 0.333 4.432 0.7685 

Age 50-59  0.890 0.251 3.154 0.8563 

Age 60-64  0.907 0.249 3.311 0.8828 

Number of drugs taken in 

the 6-month pre-index 

period 

 0.977 0.941 1.014 0.2234 

Prevalent users Incident users 1.147 0.710 1.852 0.5753 

Micro- & Macro- 

vascular diseases at 

baseline 

 1.052 0.976 1.134 0.1888 

Charlson Comorbidity 

Index (CCI) ≥2 

CCI<2 1.022 0.661 1.581 0.9217 

Physician visits for 

diabetes, hypertension, 

and/or hyperlipidemia at 

baseline 

 1.016 0.976 1.059 0.4356 

Psychiatric disorders 

(Yes/No) 

 0.942 0.563 1.577 0.8213 

Cholesterol test (Yes/No)  0.941 0.589 1.504 0.8001 

Obesity (Yes/No)  0.909 0.555 1.491 0.7068 

1. CVD: Cardiovascular disease 

2. PDC: Proportion of days covered 

3. AL: Antihyperlipidemic drugs 
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Table 4.16 Impact of CVD
1
 hospitalization on the likelihood of pre-index nonadherence and 

post-index adherence to AL
2
 drugs (N=762) 

Variables Reference group Odds 

Ratio 

95% Confidence 

Interval 

P- 

value 

CVD hospitalization No hospitalization 1.776 1.010 3.123 0.0460 

Age 40-49 Age 18-39 0.449 0.107 1.878 0.2727 

Age 50-59  0.369 0.094 1.447 0.1527 

Age 60-64  0.587 0.145 2.378 0.4555 

Number of drugs taken in 

the 6-month pre-index 

period 

 0.979 0.928 1.033 0.4441 

Prevalent users Incident users 0.657 0.346 1.250 0.2009 

Micro- & Macro- 

vascular diseases at 

baseline 

 1.085 0.980 1.202 0.1162 

Charlson Comorbidity 

Index (CCI) ≥2 

CCI<2 0.690 0.368 1.294 0.2472 

Physician visits for 

diabetes, hypertension, 

and/or hyperlipidemia at 

baseline 

 0.960 0.890 1.036 0.2940 

Psychiatric disorders 

(Yes/No) 

 0.733 0.331 1.622 0.4430 

Cholesterol test (Yes/No)  0.661 0.349 1.252 0.2038 

Obesity (Yes/No)  1.100 0.530 2.281 0.7986 

1. CVD: Cardiovascular disease 

2. AL: Antihyperlipidemic drugs 

 

4.1.4.2 Results for Aim 1A in the subgroup of patients with AL drugs 

In the study, 54% of 504 patients with CVD hospitalization were not adherent to 

AL drugs after a CVD hospitalization. Patients who were adherent to AL drugs during 

the 6-month pre-index period were 7.2 times more likely than those who were not 

adherent to be adherent in the 6-month post-index period. African-Americans were 45% 

less likely compared to other ethnics to be adherent in the 6-month post-index period 

(Table 4.17).  

Table 4.17  Impact of patient characteristics on adherence to AL
1
 drugs in the 6-month post-

index period among patients with CVD
2
 hospitalization (N=504) 

Variables Reference group Odds 

Ratio 

95% Confidence 

Interval 

P- 

value 
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Adherence to AL drugs in 

the 6-month pre-index 

period 

Non-adherence to AL 

drugs in the 6-month 

pre-index period 

7.235 4.702 11.132 <.0001 

Age 40-49 Age 18-39 1.402 0.405 4.849 0.5934 

Age 50-59  0.773 0.416 1.434 0.4133 

Age 60-64  0.767 0.475 1.238 0.2775 

African-Americans Other ethnic groups 0.645 0.423 0.985 0.0422 

Female Male 0.754 0.485 1.173 0.2104 

Number of drugs taken in 

the 6-month pre-index 

period 

 1.010 0.974 1.047 0.5962 

Prevalent users Incident users 1.153 0.641 2.074 0.6345 

Micro- & Macro- 

vascular diseases at 

baseline 

 1.020 0.945 1.100 0.6110 

Charlson Comorbidity 

Index (CCI) ≥2 

CCI<2 0.917 0.585 1.437 0.7040 

Physician visits for 

diabetes, hypertension, 

and/or hyperlipidemia at 

baseline 

 1.010 0.959 1.065 0.7007 

Psychiatric disorders 

(Yes/No) 

 1.145 0.650 2.017 0.6404 

Cholesterol test (Yes/No)  0.959 0.565 1.628 0.8756 

Obesity (Yes/No)  0.909 0.504 1.640 0.7514 

Length of CVD-related 

hospital stay for 3 to 5  

days 

Length of CVD-related 

hospital stay for 1 to 2  

days 

0.793 0.480 1.308 0.3627 

Length of CVD-related 

hospital stay for over 5 

days 

1.260 0.711 2.235 0.4288 

CVD hospital admission 

through the emergency 

department 

 1.472 0.939 2.307 0.0918 

1. AL: Antihyperlipidemic drugs 

2. CVD: Cardiovascular disease 

 

4.1.4.3 Sensitivity analysis for Aim 1 in the subgroup of patients with AL drugs 

Patients with AD and/or AH drugs were included in the analysis. Patients who 

were adherent to AL drugs in the 6-month pre-index period were 7.3 times more likely 

than those who were not adherent to be adherent in the 6-month post-index period. 

Patients who were adherent to AD and/or AH drugs in the 6-month pre-index period were 
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2.7 times more likely than those who were not adherent to be adherent to AL drugs in the 

6-month post-index period (Table 4.18).  

Table 4.18 Impact of CVD
1
 hospitalization on adherence to AL

2
 drugs in the 6-month post-index 

period (N=650) 

Variables Reference group Odds 

Ratio 

95% Confidence 

Interval 

P- 

value 

CVD hospitalization No hospitalization 1.363 0.899 2.067 0.1445 

Adherence to AL drugs in 

the 6-month pre-index 

period 

Non-adherence to AL 

drugs in the 6-month pre-

index period 

7.290 4.759 11.167 <.0001 

Age 40-49 Age 18-39 0.328 0.063 1.710 0.1857 

Age 50-59  0.373 0.074 1.874 0.2309 

Age 60-64  0.401 0.078 2.065 0.2743 

Number of drugs taken in 

the 6-month pre-index 

period 

 1.002 0.961 1.044 0.9332 

Prevalent users Incident users 1.260 0.700 2.269 0.4406 

Micro- & Macro- 

vascular diseases at 

baseline 

 1.001 0.922 1.087 0.9834 

Charlson Comorbidity 

Index (CCI) ≥2 

CCI<2 0.924 0.588 1.452 0.7309 

Physician visits for 

diabetes, hypertension, 

and/or hyperlipidemia at 

baseline 

 0.990 0.947 1.035 0.6474 

Psychiatric disorders 

(Yes/No) 

 1.105 0.659 1.852 0.7061 

Cholesterol test (Yes/No)  0.809 0.478 1.370 0.4310 

Obesity (Yes/No)  1.193 0.691 2.059 0.5261 

Adherence to AD
3
 and/or 

AH
4
 drugs in the 6-month 

pre-index period  

Non-adherence to AD 

and/or AH drugs in the 6-

month pre-index period 

2.683 1.714 4.201 <.0001 

1.CVD: Cardiovascular disease 

2.AL: Antihyperlipidemic drugs 

3.AD: Antidiabetic drugs 

4.AH: Antihypertensive drugs 
 

4.2 Summary of the results for Aim 2 

The majority of patients during the first four weeks after a CVD event did not 

have cardioprotective prescription drugs filled. Medication adherence was measured in 

the 6-month post-index period. Adherence was defined as PDC ≥80%, and nonadherence 
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was defined as PDC <80%. Patients who were adherent to at least one cardioprotective 

drug were 13%, 51%, or 36% less likely than those who were not adherent to be 

associated with the risk of experiencing all-cause hospitalizations, CVD-related 

hospitalizations, or CVD-related ER visits, respectively. Sensitivity analysis shows that 

among patients with a uniform period of one or two years to measure medication 

adherence, the hazard ratios for the risk of experiencing all-cause hospitalizations were 

0.58 (P=0.0384) or 0.13 (P=0.0161) comparing patients who were adherent to those who 

were not adherent to at least one cardioprotective drug, respectively; The hazard ratios for 

the risk of experiencing CVD-related hospitalizations were 0.86 (P=0.4860) or 0.31 

(P=0.0204); The hazard ratios for the risk of experiencing CVD-related ER visits were 

0.57 (P=0.0020) or 0.60 (P=0.1161). Older patients were more likely than young patients 

in the age group of 18 to 39 years to be adherent to at least one cardioprotective drug. 

The likelihood of adherence to at least one cardioprotective drug was lower in females or 

patients with interrupted Medicaid insurance compared to males or those with continuous 

Medicaid insurance, respectively. One additional prescription drug filled in the follow-up 

period or one additional physician visit for diabetes, hypertension, and/ or hyperlipidemia 

at baseline increased the likelihood of adherence to at least one cardioprotective drug. 

Patients with both generalist and cardiologist visits for CVD at baseline were more likely 

to be adherent than those without any physician visits for CVD. 

4.2.1 Study cohort for Aim 2 

The flow of study cohort for all-cause hospitalizations as the study outcome was 

shown as an example (Figure 4). The study sample size with propensity-score matching 

was 2530, 1912, or 1856 for all-cause hospitalizations, CVD-related hospitalizations, or 
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ER-related hospitalizations as the study outcome. If the type-I error and power were 0.05 

and 80%, the sample size was enough to detect the hazard ratio of 0.83 comparing 

patients who were adherent to at least one cardioprotective drug to those who were not 

adherent under the condition that the median event-free time for patients without 

medication adherence were at most three years.  

 

Figure 4.  Flow of study cohort for all-cause hospitalizations as the study outcome 

4.2.2 Proportion of patients with cardioprotective prescription drugs filled after the 

index date 

In the study, 8948 patients were enrolled in Medicaid for at least four weeks after 

a CVD event. The proportion of patients in the first 4 weeks without ACEIs/ARBs, AL 

65480 patients with first observed CVD events 

identified on inpatient, outpatient, or physician claims 

54870 patients without any CVD events during the 1-

year pre-index period 

3259 patients with cardioprotective drugs in the post-

index period and with medication adherence measured 

in the 6-month post-index period 

17719 patients with continuous enrollment in 

Medicaid during the 1-year pre-index period 

  

 

 

2530 patients with and without adherence to 

cardioprotective drugs matched 1:1 by propensity scores 

11266 patients aged at least 18 years old  
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drugs, or AP drugs, was 81.7%, 87.5%, or 96.0%, respectively. During the first week 

after a CVD event, the proportion of patients with ACEIs/ARBs, AL drugs, or AP drugs 

was 15.8%, 10.8%, or 3.5%, respectively. The proportion of patients with 

cardioprotective prescription drugs filled from the 2
nd

 to 4
th

 week after a CVD event was 

low (Table 4.19A). Among patients with a CVD hospitalization on the index date, the 

proportion of patients without prescription fills of ACEIs/ARBs, AL drugs, or antiplatelet 

drugs in the first 4-week follow-up was 57.4%, 66.5%, or 69.2%, respectively; The 

proportion of patients with cardioprotective drugs filled in the first-week follow-up was 

35.7% for ACEIs/ARBs, 28.7% for AL drugs, or 26.9% for antiplatelet drugs, 

respectively (Table 4.19B). 

Table 4.19A Proportion of Patients with Cardioprotective Prescription Drugs Filled  

Time to start getting cardioprotective 

prescription drugs filled during the 

follow-up 

ACEIs
1
/ 

ARBs
2
 

N (%) 

AL
3
 drugs 

 

N (%) 

Antiplatelet 

drugs 

N (%) 

No prescription fills in the first 4 weeks 7312 (81.72) 7826 (87.46) 8589 (95.99) 

The 1
st
 week 1414 (15.80) 969 (10.83) 314 (3.51) 

The2
nd

 week 97 (1.08) 56 (0.63) 19 (0.21) 

The 3
rd

 week 65 (0.73) 53 (0.59) 13 (0.15) 

The 4
th
 week 60 (0.67) 44 (0.49) 13 (0.15) 

Total 8948 8948 8948 
1. ACEIs: Angiotension-converting enzyme inhibitors 

2. ARBs: Angiotension II receptor blockers 

3. AL: Antihyperlipidemic drugs 

 

Table 4.19B Proportion of Cardioprotective Prescription Drugs Filled Among Patients with a 

CVD hospitalization  

Time to start getting cardioprotective 

prescription drugs filled during the 

follow-up 

ACEIs
1
/ 

ARBs
2
 

N (%) 

AL
3
 drugs 

 

N (%) 

Antiplatelet 

drugs 

N (%) 

No prescription fills in the first 4 weeks 190 (57.40) 220 (66.47) 229 (69.18) 

The 1
st
 week 118 (35.65) 95 (28.70) 89 (26.89) 

The2
nd

 week 12 (3.63) 8 (2.42) 8 (2.42) 

The 3
rd

 week 3 (0.91) 2 (0.60) 2 (0.60) 

The 4
th
 week 8 (2.42) 6 (1.81) 3 (0.91) 

Total 331 331 331 
1. ACEIs: Angiotension-converting enzyme inhibitors 

2. ARBs: Angiotension II receptor blockers 

3. AL: Antihyperlipidemic drugs 
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4.2.3 All-cause hospitalizations as the study outcome 

4.2.3.1 Results for Aim 2a 

In the study, 3259 patients had cardioprotective prescription drugs filled during 

the 6-month post-index period. The proportion of patients who were adherent to at least 

one cardioprotective drug was 45%. Older patients compared to young adults in the age 

group of 18 to 39 years were more likely to be adherent. Patients with hyperlipidemia or 

with flu vaccine at baseline were 21% or 35% more likely than those without 

hyperlipidemia or without flu shot to be adherent, respectively. Females or patients with 

interrupted Medicaid insurance were 33% or 49% less likely to be adherent compared to 

males or those with continuous Medicaid insurance, respectively. One additional 

prescription drug filled in the follow-up period increased 2% the likelihood of adherence 

to at least one cardioprotective drug. One additional physician visit for diabetes, 

hypertension, and/ or hyperlipidemia increased 7% the likelihood of adherence to at least 

one cardioprotective drug. Patients with the length of hospitalizations at baseline for less 

than ten days were 22% less likely to be adherence compared to those without any 

hospitalizations. Patients with both generalist and cardiologist visits for CVD at baseline 

were 1.3 times more likely to be adherent than those without any physician visits (Table 

4.20A). 

Table 4.20A Factors associated with adherence to cardioprotective
1
 drugs (N=3259) 

Variables Reference group Odds 

Ratio 

95% Confidence 

Interval 

P-value 

Age 40-49 Age 18-39 1.360 1.107 1.672 0.0034 

Age 50-59 1.622 1.320 1.993 <.0001 

Age 60-64 1.736 1.333 2.260 <.0001 

African-Americans Other ethnic groups 0.596 0.511 0.695 <.0001 

Female Male 0.765 0.649 0.901 0.0013 

Hypertension  1.105 0.930 1.313 0.2562 

Hyperlipidemia  1.208 1.010 1.446 0.0390 

Interrupted Medicaid  0.512 0.396 0.661 <.0001 
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Insurance  

Number of drugs 

taken during the 

follow-up period 

 1.017 1.010 1.025 <.0001 

Charslon 

Comorbidity Index 

(CCI) ≥2 

CCI<2 1.211 0.969 1.512 0.0918 

Index CVD
2
 event 

identified on 

outpatient claims 

Index CVD event 

identified on 

physician claims 

1.076 0.870 1.331 0.5004 

0<days of index CVD 

hospitalization≤5 

1.004 0.759 1.327 0.9785 

Days of index CVD 

hospitalization>5 

1.201 0.814 1.772 0.3552 

0<days of all-cause 

hospitalizations 

during 1-year pre-

index period<10 

No hospitalizations at 

baseline 

0.781 0.613 0.996 0.0462 

Days of all-cause 

hospitalizations 

during 1-year pre-

index period≥10 

0.874 0.395 1.935 0.7396 

Only generalist visits 

for CVD 

No physician visits 

for CVD 

1.153 0.977 1.360 0.0919 

Both generalist and 

cardiologist visits for 

CVD 

1.302 1.019 1.664 0.0349 

Psychiatric disorders 

(Yes/No) 

 0.946 0.736 1.215 0.6613 

Physician visits for 

diabetes, 

hypertension, and/or 

hyperlipidemia at 

baseline 

 1.073 1.039 1.108 <.0001 

Obesity (Yes/No)  1.154 0.919 1.449 0.2178 

Flu vaccine taken 

during the 1-year pre-

index period 

 1.349 1.075 1.693 0.0099 

Micro- & Macro- 

vascular diseases at 

baseline 

 0.981 0.906 1.061 0.6260 

Cholesterol test 

(Yes/No) 

 0.996 0.840 1.181 0.9663 

Heart failure on the 

index date 

 0.749 0.489 1.148 0.1843 

Acute myocardial 

infarction on the 

index date 

 1.031 0.608 1.749 0.9087 

Stroke on the index  0.847 0.596 1.204 0.3554 
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date 

1. Cardioprotective drugs:  Angiotension-converting enzyme inhibitors, angiotension II receptor blockers, and 

antihyperlipidemic drugs. 
2. CVD: Cardiovascular disease 

 

4.2.3.2 Results for Aim 2 

The number of matched pairs of patients with and without adherence to at least 

one cardioprotecitve drug was 1265.  Patients who were adherent to at least one 

cardioprotective drug compared to those who were not adherent were 13% less likely to 

be associated with the risk of experiencing any all-cause hospitalization, but the P-value 

was marginally significant. Patients in the age groups of 60-64 compared to the age group 

of 18-39 were 2.1 times more likely to be associated with the risk of experiencing any all-

cause hospitalizations. Females, patients with hypertension at baseline, with CCI≥2, with 

psychiatric disorders, with flu vaccine at baseline, with stroke on the index date were1.4, 

1.4, 1.4, 1.4, 1.3, or 1.4 times more likely to be associated with the risk of experiencing 

any all-cause hospitalizations compared to males, those without hypertension, with 

CCI<2, without psychiatric disorders, without flu vaccine, or without stroke, respectively. 

One additional prescription drug filled at baseline reduced 9% the likelihood of the risk 

of experiencing any all-cause hospitalizations. One additional micro- or macro-vascular 

disease at baseline increased 9% the likelihood of the risk of experiencing any all-cause 

hospitalizations. Patients with interrupted Medicaid insurance were 82% less likely 

compared to those with continuous Medicaid insurance to experiencing any all-cause 

hospitalizations. The likelihood of experiencing any all-cause hospitalizations was 1.8 or 

2.6 times as high in the group of patients with the length of an index CVD hospitalization 

for 1 to 5 days or over 5 days as in the group of patients with a CVD hospitalization on 
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the index date. Patients with the length of hospitalizations at baseline for 1 to 9 days or 

over 9 days were 2.0 or 1.8 times more likely compared to those without any 

hospitalizations at baseline to be associated with the risk of experiencing any all-cause 

hospitalizations (Table 4.20B). Adjusted survival curve showed patients who were 

nonadherent to at least one cardioprotective drug were less likely compared to patients 

who were adherent to be associated with the risk of experiencing any all-cause 

hospitalizations (Figure 5). 

Table 4.20B Impact of adherence to cardioprotective
1
 drugs on all-cause hospitalizations among 

patients with adherence measured in the 6-month post-index period (N=2530) 

Variables Reference group Hazard 

Ratio 

95% CI P-value 

Adherence to at least one 

cardioprotective drug 

Non-adherence to any 

cardioprotective drugs 

0.873 0.758 1.004 0.0572 

Age 40-49 Age 18-39 1.436 0.890 2.316 0.1379 

Age 50-59 1.057 0.665 1.681 0.8151 

Age 60-64 2.138 1.191 3.839 0.0109 

Female  1.406 1.195 1.654 <.0001 

Hypertension  1.438 1.216 1.700 <.0001 

Interrupted Medicaid Insurance   0.180 0.082 0.396 <.0001 

Number of drugs taken during 

the follow-up period 

 0.910 0.895 0.925 <.0001 

Charlson Comorbidity Index 

(CCI) ≥2 

CCI<2 1.371 1.126 1.670 0.0017 

Index CVD
2
 event identified on 

outpatient claims 

Index CVD event 

identified on 

physician claims 

1.189 0.965 1.464 0.1042 

0<days of index CVD 

hospitalization≤5 

 1.847 1.467 2.325 <.0001 

Days of index CVD 

hospitalization>5 

 

No hospitalizations at 

baseline 

 

2.625 1.973 3.494 <.0001 

0<days of all-cause 

hospitalizations during 1-year 

pre-index period<10 

2.027 1.652 2.486 <.0001 

Days of all-cause 

hospitalizations during 1-year 

pre-index period≥10 

1.815 1.003 3.285 0.0488 

Psychiatric disorders (Yes/No)  

 

1.357 1.077 1.710 0.0095 

Obesity (Yes/No) 0.868 0.698 1.080 0.2034 

Flu vaccine taken during the 1-

year pre-index period 

 

 

1.309 1.064 1.611 0.0109 

Micro- & Macro- vascular 1.093 1.022 1.170 0.0098 
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diseases at baseline 

Heart failure on the index data  1.305 0.913 1.865 0.1436 

Stroke on the index date  1.378 1.019 1.862 0.0372 

(Age 40-49) *CVD-event free 

time 

(Age 18-39) *CVD-

event free time 

1.000 0.999 1.000 0.6429 

(Age 50-59) *CVD-event free 

time 

 1.000 1.000 1.001 0.2347 

(Age 60-64) *CVD-event free 

time 

 0.999 0.998 1.000 0.0388 

Interrupted Medicaid Insurance 

*CVD-event free time 

 1.002 1.001 1.003 <.0001 

Number of drugs taken during 

the follow-up period*CVD-

event free time 

 1.000 1.000 1.000 <.0001 

1. Cardioprotective drugs:  Angiotension-converting enzyme inhibitors, angiotension II receptor blockers, and 

antihyperlipidemic drugs. 
2. CVD: Cardiovascular disease 

 

Figure 5. 

 

 

4.2.3.3 Sensitivity Analysis  

4.2.3.3.1 Patients adherence measured in the one-year post-index period 



 

75 

 

The number of matched pairs of patients with and without adherence to at least 

one cardioprotecitve drug was 911. Patients who were adherent to at least one 

cardioprotective drug compared to those who were not adherent were 42% less likely to 

be associated with the risk of experiencing any all-cause hospitalizations. Patients in the 

age groups of 40-49 or 50-59 were 1.6 or 1.9 times more likely compared to those in the 

age group of 18-39 more likely to be associated with the risk of experiencing any all-

cause hospitalizations. Females, patients with hypertension at baseline, or with 

psychiatric disorder at baseline were 1.3, 1.8, or 1.5 times more likely to be associated 

with the risk of experiencing any all-cause hospitalizations compared to males, those 

without hypertension, or without psychiatric disorder, respectively. One additional 

prescription drug filled at baseline reduced 8% the likelihood of the risk of experiencing 

any all-cause hospitalizations. Patients with interrupted Medicaid insurance were 38% 

less likely  compared to those with continuous Medicaid insurance to be associated with 

the risk of experiencing any all-cause hospitalizations. The likelihood of experiencing 

any all-cause hospitalizations was 1.8 or 2.3 times as high in the group of patients with 

the length of an index CVD hospitalization for 1 to 5 days or over 5 days as in the group 

of patients without a CVD hospitalization on the index date. Patients with the length of 

hospitalizations for over 10 days at baseline were 2.6 times more likely compared to 

those without hospitalizations at baseline to be associated with the risk of experiencing 

any all-cause hospitalizations. Patients with only generalist visits for CVD at baseline 

were 1.2 times more likely compared to those without any physician visits for CVD to be 

associated with the risk of experiencing any all-cause hospitalizations (Table 4.21). 

Adjusted survival curve showed patients with adherence to at least one cardioprotective 
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drug were less likely than patients who were nonadherent to be associated with the risk of 

experiencing any all-cause hospitalzations (Figure 6). 

Table 4.21 Impact of adherence to at least one cardioprotective
1
 drug on all-cause hospitalization 

visits among patients with adherence measured in the one-year post-index period (N=1822) 

Variables Reference group Hazard 

Ratio 

95% CI P-value 

Adherence to at least one 

cardioprotective drug 

Non-adherence to any 

cardioprotective drugs 

0.583 0.350 0.972 0.0384 

Age 40-49 Age 18-39 1.634 1.168 2.285 0.0041 

Age 50-59 1.856 1.342 2.566 0.0002 

Age 60-64 1.378 0.922 2.061 0.1182 

Female  1.308 1.062 1.612 0.0115 

Hypertension  1.840 1.498 2.259 <.0001 

Interrupted Medicaid Insurance   0.622 0.400 0.967 0.0350 

Number of drugs taken during 

the follow-up period 

 0.924 0.901 0.947 <.0001 

Charlson Comorbidity Index 

(CCI) ≥2 

CCI<2 1.251 0.956 1.637 0.1024 

Index CVD
4
 event identified on 

outpatient claims 

Index CVD event 

identified on 

physician claims 

1.240 0.952 1.614 0.1100 

0<days of index CVD
2
 

hospitalization≤5 

 1.841 1.357 2.498 <.0001 

Days of index CVD 

hospitalization>5 

 

No hospitalizations at 

baseline 

 

2.318 1.545 3.478 <.0001 

0<days of all-cause 

hospitalizations during 1-year 

pre-index period<10 

1.256 0.931 1.692 0.1352 

Days of all-cause 

hospitalizations during 1-year 

pre-index period≥10 

2.632 1.268 5.464 0.0094 

Only generalist visits for CVD No physician visits 

for CVD 

 

1.228 1.008 1.497 0.0417 

Both generalist and cardiologist 

visits for CVD 

1.141 0.855 1.522 0.3711 

Psychiatric disorders (Yes/No)  

 

1.547 1.171 2.044 0.0022 

Flu vaccine taken during the 1-

year pre-index period 

1.262 0.982 1.623 0.0696 

(Adherence to at least  one 

cardioprotective drugs)*CVD-

event free time 

(Non-adherence to 

any cardio-protective 

drugs)*CVD-event 

free time 

1.001 1.000 1.001 0.0834 

Number of drugs taken during 

the follow-up period*CVD-

event free time 

 1.000 1.000 1.000 <.0001 

1. Cardioprotective drugs:  Angiotension-converting enzyme inhibitors, angiotension II receptor blockers, and 

antihyperlipidemic drugs. 
2. CVD: Cardiovascular disease 
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Figure 6. 

 

4.2.3.3.2 Patients adherence measured in the two-year post-index period 

The number of matched pairs of patients with and without adherence to at least 

one cardioprotecitve drug was 434. Patients who were adherent to at least one 

cardioprotective drug compared to those who were not adherent were 87% less likely to 

be associated with the risk of experiencing any all-cause hospitalizations. Patients in the 

age group of 50-59 were 2.7 times more likely compared to those in the age group of 18-

39 more likely to be associated with the risk of experiencing any all-cause 

hospitalizations. Patients with hypertension at baseline were 1.7 times more likely to be 

associated with the risk of experiencing any all-cause hospitalizations compared to those 

without hypertension. The likelihood of experiencing any all-cause hospitalizations was 

2.1 or 2.5 times as high in the group of patients with the length of an index CVD 

hospitalization for 1 to 5 days or over 5 days as in the group of patients without a CVD 

hospitalization on the index date. Patients with both generalist and cardiologist visits for 
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CVD at baseline were 1.8 times more likely compared to those without any physician 

visits for CVD to be associated with the risk of experiencing any all-cause 

hospitalizations (Table 4.22). Adjusted survival curve showed patients with adherence to 

at least one cardioprotective drug were less likely than patients who were nonadherent to 

be associated with the risk of experiencing any all-cause hospitalizations (Figure 7). 

Table 4.22 
 
Impact of adherence to at least one cardioprotective

1
 drug on all-cause hospitalization 

visits among patients with adherence measured in the two-year post-index period (N=868) 

Variables Reference group Hazard 

Ratio 

95% CI P-value 

Adherence to at least one 

cardioprotective drug 

Non-adherence to any 

cardioprotective drugs 

0.132 0.025 0.686 0.0161 

Age 40-49 Age 18-39 1.732 0.900 3.333 0.1000 

Age 50-59 2.747 1.461 5.167 0.0017 

Age 60-64 0.917 0.351 2.392 0.8587 

Hypertension  1.720 1.210 2.445 0.0025 

Index CVD
2
 event identified on 

outpatient claims 

Index CVD event 

identified on 

physician claims 

1.412 0.934 2.135 0.1021 

0<days of index CVD
2
 

hospitalization≤5 

 2.135 1.297 3.512 0.0028 

Days of index CVD 

hospitalization>5 

 2.534 1.174 5.470 0.0179 

Only generalist visits for CVD No physician visits 

for CVD 

1.207 0.854 1.704 0.2861 

Both generalist and cardiologist 

visits for CVD 

 1.826 1.205 2.767 0.0045 

(Adherence to at least  one 

cardioprotective drugs)*CVD-

event free time 

(Non-adherence to 

any cardio-protective 

drugs)*CVD-event 

free time 

1.002 1.000 1.004 0.0150 

1. Cardioprotective drugs:  Angiotension-converting enzyme inhibitors, angiotension II receptor blockers, and 

antihyperlipidemic drugs 

2. CVD: Cardiovascular disease 

 

  1.000 1.004 0.0150 
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Figure 7 

 
 

Figure 8 shows the impact of adherence to at least one cardioprotective drug on 

the risk of experiencing any all-cause hospitalizations among patients with a uniform 

period to measure adherence during follow-up.  
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4.2.4 CVD-related hospitalizations as the study outcome 

4.2.4.1 Results for Aim 2A 

In the study, 2387 patients had cardioprotective prescription drugs filled during 

the 6-month post-index period. The proportion of patients who were adherent to at least 

one cardioprotective drug was 47%. Older patients were more likely to be adherent than 

young adults in the age group of 18 to 39 years. African-Americans, Females, or patients 

with interrupted Medicaid insurance were 39% , 28%, or 44% less likely to be adherent 

compared to other ethnics, males, or those with continuous Medicaid insurance, 

respectively. One additional prescription drug filled in the follow-up period increased 2% 

the likelihood of adherence to at least one cardioprotective drug. Patients with CCI≥2 

were 1.3 times more likely than those with CCI<2 to be adherent. One additional 

physician visit for diabetes, hypertension, and/ or hyperlipidemia increased 7% the 

likelihood of adherence. Patients with both generalist and cardiologist visits for CVD at 

baseline were 1.4 times more likely than those without any physician visits for CVD 

(Table 4.23A). 

Table 4.23A Factors associated with adherence to cardioprotective
1
 drugs (N=2387) 

Variables Reference group Odds 

Ratio 

95% Confidence 

Interval 

P-value 

Age 40-49 Age 18-39 1.350 1.066 1.709 0.0127 

Age 50-59 1.562 1.233 1.978 0.0002 

Age 60-64 1.647 1.220 2.224 0.0011 

African-Americans Other ethnic groups 0.610 0.510 0.728 <.0001 

Female Male 0.715 0.592 0.862 0.0005 

Hypertension  1.059 0.866 1.296 0.5746 

Hyperlipidemia  1.088 0.881 1.343 0.4332 

Interrupted Medicaid 

Insurance  

 0.555 0.416 0.741 <.0001 

Number of drugs 

taken during the 

follow-up period 

 1.015 1.006 1.023 0.0006 

Charlson 

Comorbidity Index 

CCI<2 1.316 1.006 1.723 0.0452 
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(CCI) ≥2 

Index CVD
2
 event 

identified on 

outpatient claims 

Index CVD event 

identified on 

physician claims 

1.099 0.858 1.408 0.4557 

0<days of index CVD 

hospitalization≤5 

0.968 0.685 1.368 0.8545 

Days of index CVD 

hospitalization>5 

1.314 0.781 2.212 0.3035 

0<days of all-cause 

hospitalizations 

during 1-year pre-

index period<10 

No hospitalizations at 

baseline 

0.733 0.537 1.003 0.0520 

Days of all-cause 

hospitalizations 

during 1-year pre-

index period≥10 

0.634 0.213 1.889 0.4133 

Only generalist visits 

for CVD 

No physician visits 

for CVD 

1.139 0.939 1.381 0.1880 

Both generalist and 

cardiologist visits for 

CVD 

1.372 1.031 1.826 0.0301 

Psychiatric disorders 

(Yes/No) 

 0.940 0.695 1.271 0.6887 

Physician visits for 

diabetes, 

hypertension, and/or 

hyperlipidemia at 

baseline 

 1.071 1.031 1.112 0.0005 

Obesity (Yes/No)  1.228 0.941 1.603 0.1300 

Flu vaccine taken 

during the 1-year pre-

index period 

 1.256 0.957 1.648 0.1000 

Micro- & Macro- 

vascular diseases at 

baseline 

 1.014 0.919 1.119 0.7863 

Cholesterol test 

(Yes/No) 

 0.988 0.809 1.206 0.9037 

Heart failure on the 

index date 

 0.782 0.472 1.293 0.3371 

Acute myocardial 

infarction on the 

index date 

 1.235 0.656 2.326 0.5139 

Stroke on the index 

date 

 0.798 0.519 1.228 0.3054 

1. Cardioprotective drugs:  Angiotension-converting enzyme inhibitors, angiotension II receptor blockers, and 

antihyperlipidemic drugs. 
2. CVD: Cardiovascular disease 
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4.2.4.2 Results for Aim 2 

The number of matched pairs of patients with and without adherence to at least 

one cardioprotecitve drug was 956. Patients who were adherent to at least one 

cardioprotective drug compared to those who were not adherent were 51% less likely to 

be associated with the risk of experiencing any CVD-related hospitalizations. Older 

patients compared to young adults in the age group of 18-39 were more likely to be 

associated with the risk of experiencing any CVD-related hospitalizations.  One 

additional prescription drug filled at baseline reduced 10% the likelihood of the risk of 

experiencing any CVD-related hospitalizations. Patients with CCI≥2 or with heart failure 

at baseline were 1.6 or 2.5 times more likely to be associated with the risk of 

experiencing any CVD-related hospitalizations compared to those with CCI<2 or without 

heart failure, respectively. The likelihood of experiencing any CVD-related 

hospitalizations was 2.9 or 3.4 times as high in the group of patients with the length of an 

index CVD hospitalization for 1 to 5 days or over 5 days as in the group of patients 

without a CVD hospitalization on the index date. Patients with generalist only for CVD 

or with both generalist and cardiologist visits for CVD at baseline were 1.6 or 2.6 times 

more likely compared to those without any physician visits for CVD to be associated with 

the risk of experiencing any CVD-related hospitalizations (Table 4.23B). Adjusted 

survival curve showed patients with adherence to at least one cardioprotective drug were 

less likely than patients who were nonadherent to be associated with the risk of 

experiencing any CVD-related hospitalizations (Figure 9). 
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Table 4.23B Impact of adherence to at least one cardioprotective
1
 drug on CVD

2
-related 

hospitalizations among patients with adherence measured in the six-month post-index period 

(N=1912) 

Variables Reference group Hazard 

Ratio 

95% CI P-value 

Adherence to at least 

one cardioprotective 

drug 

Non-adherence to any 

cardioprotective drugs 

0.485 0.244 0.965 0.0391 

Age 40-49 Age 18-39 2.049 1.035 4.057 0.0394 

Age 50-59 3.821 2.022 7.220 <.0001 

Age 60-64 2.967 1.439 6.115 0.0032 

Interrupted Medicaid 

Insurance  

 

 

0.546 0.264 1.125 0.1009 

Number of drugs 

taken during the 

follow-up period 

 0.901 0.866 0.937 <.0001 

Charlson 

Comorbidity Index 

(CCI) ≥2 

CCI<2 1.637 1.034 2.592 0.0355 

0<days of index CVD 

hospitalization≤5 

 2.910 1.827 4.637 <.0001 

Days of index CVD 

hospitalization>5 

 3.394 1.864 6.181 <.0001 

Only generalist visits 

for CVD 

No physician visits for 

CVD 

1.610 1.101 2.354 0.0140 

Both generalist and 

cardiologist visits for 

CVD 

 2.560 1.630 4.020 <.0001 

Physician visits for 

diabetes, 

hypertension, and/or 

hyperlipidemia at 

baseline 

 

 

1.048 0.989 1.111 0.1129 

Heart failure on the 

index date 

2.553 1.422 4.582 0.0017 

Acute myocardial 

infarction on the 

index date 

1.985 0.938 4.201 0.0731 

(Adherence to at least 

one cardioprotective 

drug) *CVD-event 

free time 

(Non-adherence to at 

least one 

cardioprotective drug) 

*CVD-event free time 

1.001 1.000 1.002 0.0827 

Number of drugs 

taken during the 

follow-up 

period*CVD-event 

free time 

 1.000 1.000 1.000 0.0002 

1. Cardioprotective drugs:  Angiotension-converting enzyme inhibitors, angiotension II receptor blockers, and 

antihyperlipidemic drugs. 
2. CVD: Cardiovascular disease 
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Figure 9. 

 
 
 

 

4.2.4.3 Sensitivity Analysis  

4.2.4.3.1 Patient adherence measured in the one-year post-index period 

The number of matched pairs of patients with and without adherence to at least 

one cardioprotecitve drug was 716. The association between adherence to at least one 

cardioprotective drug and the risk of experiencing any CVD-related hospitalizations was 

not statistically significant, but the hazard ratio was less than 1. Older patients compared 

to young adults in the age group of 18-39 were more likely to be associated with the risk 

of experiencing any CVD-related hospitalizations.  Patients with interrupted Medicaid 

insurance were 88% less likely compared to those with continuous Medicaid insurance to 

be associated with the risk of experiencing any CVD-related hospitalizations. One 

additional prescription drug filled at baseline reduced 10% the likelihood of the risk of 

experiencing any CVD-related hospitalizations. Patients with CCI≥2 or with hypertension 

at baseline were 1.9 or 1.7 times more likely to be associated with the risk of 
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experiencing any CVD-related hospitalizations compared to those with CCI<2 or without 

hypertension, respectively. The likelihood of experiencing any CVD-related 

hospitalizations was 3.3 or 3.0 times as high in the group of patients with the length of an 

index CVD hospitalization for 1 to 5 days or over 5 days as in the group of patients 

without a CVD hospitalization on the index date. Patients with generalist only for CVD 

or with both generalist and cardiologist visits for CVD at baseline were 2.6 or 4.0 times 

more likely compared to those without any physician visits for CVD to be associated with 

the risk of experiencing any CVD-related hospitalizations (Table 4.24). Adjusted survival 

curve showed the association between adherence to at least one cardioprotective drug and 

the risk of experiencing any CVD-related hospitalizations was not statistically significant 

(Figure 10). 

Table 4.24 Impact of adherence to at least one cardioprotective
1
 drug on CVD

2
-related 

hospitalization visits among patients with adherence measured in the one-year post-index period 

(N=1432) 

Variables Reference group Hazard 

Ratio 

95% CI P-value 

Adherence to at least one 

cardioprotective drug 

Non-adherence to any 

cardioprotective drugs 

0.857 0.556 1.322 0.4860 

Age 40-49 Age 18-39 2.077 0.777 5.552 0.1452 

Age 50-59 3.145 1.232 8.029 0.0166 

Age 60-64 2.833 1.018 7.882 0.0461 

Hypertension  1.654 1.028 2.662 0.0380 

Interrupted Medicaid Insurance   

 

0.121 0.017 0.882 0.0372 

Number of drugs taken during 

the follow-up period 

0.905 0.853 0.960 0.0009 

Charlson Comorbidity Index 

(CCI) ≥2 

CCI<2 1.947 1.121 3.384 0.0181 

0<days of index CVD 

hospitalization≤5 

 3.253 1.764 5.998 0.0002 

Days of index CVD 

hospitalization>5 

 2.979 1.155 7.681 0.0239 

At least one hospitalization at 

baseline 

No hospitalizations at 

baseline 

1.631 0.843 3.157 0.1464 

Only generalist visits for CVD No physician visits 

for CVD 

2.568 1.549 4.257 0.0003 
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Figure 10 

 
 

4.2.4.3.2 Patients adherence measured in the two-year post-index period 

The number of matched pairs of patients with and without adherence to at least 

one cardioprotecitve drug was 351. Patients who were adherent to at least one 

cardioprotective drug compared to those who were not adherent were 69% less likely to 

be associated with the risk of experiencing any CVD-related hospitalizations. Patients 

with an index CVD event identified on outpatient claims, with at least one cholesterol test 

at baseline, or with AMI on the index date were 8.3, 3.3, or 18.8 times more likely to be 

associated with the risk of experiencing any CVD-related hospitalizations compared to 

Both generalist and cardiologist 

visits for CVD 

 3.955 2.175 7.195 <.0001 

Number of drugs taken during 

the follow-up period*CVD-

event free time 

 1.000 1.000 1.000 0.0070 

1. Cardioprotective drugs:  Angiotension-converting enzyme inhibitors, angiotension II receptor blockers, and 

antihyperlipidemic drugs. 

2. CVD: Cardiovascular disease 
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those without an index CVD event identified on outpatient claims, without any 

cholesterol tests at baseline, or without AMI, respectively. Patients with generalist only 

for CVD or with both generalist and cardiologist visits for CVD at baseline were 4.8 or 

9.2 times more likely compared to those without any physician visits for CVD to be 

associated with the risk of experiencing any CVD-related hospitalizations (Table 4.25). 

Adjusted survival curve showed the association between adherence to at least one 

cardioprotective drug and the risk of experiencing any CVD-related hospitalizations was 

not statistically significant (Figure 11). 

Table 4.25 Impact of adherence to at least one cardioprotective
1
 drug on CVD

2
-related 

hospitalization visits among patients with adherence measured in the two-year post-index period 

(N=702) 

Variables Reference group Hazard 

Ratio 

95% CI P-value 

Adherence to at least one 

cardioprotective drug 

Non-adherence to any 

cardioprotective drugs 
0.306 0.112 0.833 0.0204 

Age 40-49 Age 18-39 1.054 0.176 6.325 0.9539 
Age 50-59 3.913 0.758 20.202 0.1033 
Age 60-64 2.290 0.362 14.495 0.3790 
Index CVD event identified on 

outpatient claims 

 8.301 2.951 23.346 <.0001 

Only generalist visits for CVD No physician visits for 

CVD 
4.830 1.480 15.766 0.0091 

Both generalist and cardiologist 

visits for CVD 
9.235 2.556 33.364 0.0007 

Cholesterol test (Yes/No)  3.261 1.213 8.772 0.0192 
Acute myocardial infarction on the 

index date 

 18.845 5.449 65.178 <.0001 

1. Cardioprotective drugs:  Angiotension-converting enzyme inhibitors, angiotension II receptor blockers, and 

antihyperlipidemic drugs. 

2. CVD: Cardiovascular disease 
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Figure 11 

 
 

Figure 12 shows the impact of adherence to at least one cardioprotective drug on 

any CVD-related hospitalizations among patients with a minimum period of adherence to 

cardioprotective drugs during the follow-up.  

Figure 12. 
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4.2.5 CVD-related ER visits as the study outcome 

4.2.5.1 Results for Aim 2b 

In the study, 2291 patients had cardioprotective prescription drugs filled during 

the 6-month post-index period. The proportion of patients who were adherent to at least 

one cardioprotective drug was 46%. Older patients were more likely to be adherent than 

young adults in the age group of 18 to 39 years. African-Americans, Females, or patients 

with interrupted Medicaid insurance were 37% , 29%, or 49% less likely to be adherent 

compared to other ethnics, males, or those with continuous Medicaid insurance, 

respectively. One additional prescription drug filled in the follow-up period increased 2% 

the likelihood of adherence to at least one cardioprotective drug. Patients with CCI≥2 

were 1.4 times more likely than those with CCI<2 to be adherent. One additional 

physician visit for diabetes, hypertension, and/ or hyperlipidemia increased 7% the 

likelihood of adherence. Patients with both generalist and cardiologist visits for CVD at 

baseline were 1.4 times more likely to be adherent than those without any physician visits 

for CVD (Table 4.26A). 

Table 4.26A Factors associated with adherence to cardioprotective
1
 drugs (N=2291) 

Variables Reference group Odds 

Ratio 

95% Confidence 

Interval 

P-value 

Age 40-49 Age 18-39 1.364 1.071 1.738 0.0119 

Age 50-59 1.544 1.213 1.965 0.0004 

Age 60-64 1.569 1.154 2.132 0.0040 

African-Americans Other ethnic groups 0.634 0.529 0.761 <.0001 

Female Male 0.708 0.584 0.857 0.0004 

Hypertension  1.042 0.849 1.279 0.6953 

Hyperlipidemia  1.134 0.915 1.405 0.2510 

Interrupted Medicaid 

Insurance  

 0.508 0.377 0.685 <.0001 

Number of drugs 

taken during the 

follow-up period 

 1.015 1.006 1.023 0.0010 

Charlson 

Comorbidity Index 

CCI<2 1.350 1.025 1.777 0.0325 
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(CCI) ≥2 

Index CVD
2
 event 

identified on 

outpatient claims 

Index CVD event 

identified on 

physician claims 

1.085 0.839 1.404 0.5334 

0<days of index CVD 

hospitalization≤5 

1.012 0.714 1.436 0.9454 

Days of index CVD 

hospitalization>5 

1.349 0.800 2.274 0.2613 

0<days of all-cause 

hospitalizations 

during 1-year pre-

index period<10 

No hospitalizations at 

baseline 

0.753 0.549 1.032 0.0778 

Days of all-cause 

hospitalizations 

during 1-year pre-

index period≥10 

0.649 0.218 1.935 0.4381 

Only generalist visits 

for CVD 

No physician visits 

for CVD 

1.165 0.957 1.419 0.1285 

Both generalist and 

cardiologist visits for 

CVD 

1.414 1.052 1.898 0.0215 

Psychiatric disorders 

(Yes/No) 

 0.997 0.735 1.353 0.9840 

Physician visits for 

diabetes, 

hypertension, and/or 

hyperlipidemia at 

baseline 

 1.065 1.025 1.106 0.0014 

Obesity (Yes/No)  1.219 0.928 1.602 0.1547 

Flu vaccine taken 

during the 1-year pre-

index period 

 1.268 0.964 1.667 0.0900 

Micro- & Macro- 

vascular diseases at 

baseline 

 1.017 0.921 1.124 0.7353 

Cholesterol test 

(Yes/No) 

 0.978 0.799 1.198 0.8330 

Heart failure on the 

index date 

 0.798 0.482 1.322 0.3810 

Acute myocardial 

infarction on the 

index date 

 1.175 0.627 2.202 0.6157 

Stroke on the index 

date 

 0.781 0.508 1.199 0.2583 

1. Cardioprotective drugs:  Angiotension-converting enzyme inhibitors, angiotension II receptor blockers, and 

antihyperlipidemic drugs. 
2. CVD: Cardiovascular disease 
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4.2.5.2 Results for Aim 2 

The number of matched pairs of patients with and without adherence to at least 

one cardioprotecitve drug was 928.  Patients who were adherent to at least one 

cardioprotective drug compared to those who were not adherent were 36% less likely to 

be associated with the risk of experiencing any CVD-related ER visits. Patients in the age 

groups of 40-49 or 50-59 compared to the age group of 18-39 were 3.0 or 2.8 times more 

likely to be associated with the risk of experiencing any CVD-related ER visits. Females, 

patients with hypertension at baseline, with CCI≥2, with heart failure on the index date  

were 1.5, 1.4, 1.9, or 7.1 times more likely to be associated with the risk of experiencing 

any CVD-related ER visits compared to males, those without hypertension, with CCI<2, 

or without heart failure, respectively. One additional prescription drug filled at baseline 

reduced 10% the likelihood of the risk of experiencing any CVD-related ER visits. The 

likelihood of experiencing any CVD-related ER visits was 2.6 or 3.1 times as high in the 

group of patients with the length of an index CVD hospitalization for 1 to 5 days or over 

5 days as in the group of patients with a CVD hospitalization on the index date (Table 

4.26B). Adjusted survival curve showed patients with adherence to at least one 

cardioprotective drug were less likely than patients who were nonadherent to be 

associated with the risk of experiencing any CVD-related ER visits (Figure 13). 

Table 4.26B Impact of adherence to at least one cardioprotective
1
 drug on CVD

2
-related ER

3
 

visits among patients with adherence measured in the 6-month post-index period (N=1856) 

Variables Reference group Hazard 

Ratio 

95% CI P-value 

Adherence to at least  

one cardioprotective 

drugs 

Non-adherence to any 

cardioprotective drugs 

0.640 0.490 0.837 0.0011 

Age 40-49 Age 18-39 2.991 1.255 7.131 0.0134 

Age 50-59 2.833 1.275 6.294 0.0106 

Age 60-64 2.249 0.699 7.235 0.1739 



 

92 

 

African-Americans Other ethnic groups 1.297 0.975 1.725 0.0739 

Female Male 1.485 1.102 1.999 0.0093 

Hypertension  1.407 1.062 1.863 0.0172 

Interrupted Medicaid 

Insurance  

 0.570 0.320 1.016 0.0567 

Number of drugs 

taken during the 

follow-up period 

 0.904 0.875 0.934 <.0001 

Charlson 

Comorbidity Index 

(CCI) ≥2 

CCI<2 1.877 1.310 2.691 0.0006 

0<days of index CVD 

hospitalization≤5 

No index CVD 

hospitalization 

2.590 1.742 3.851 <.0001 

Days of index CVD 

hospitalization>5 

3.113 1.712 5.660 0.0002 

Heart failure on the 

index date 

 7.083 2.409 20.829 0.0004 

Acute myocardial 

infarction on the 

index date 

 1.960 0.922 4.164 0.0802 

(Age 40-49) *CVD-

event free time 

(Age 18-39) *CVD-

event free time 

0.998 0.997 0.999 0.0011 

(Age 50-59) *CVD-

event free time 

 0.999 0.998 1.000 0.0163 

(Age 60-64) *CVD-

event free time 

 0.998 0.996 1.000 0.0440 

Number of drugs 

taken during the 

follow-up 

period*CVD-event 

free time 

 1.000 1.000 1.000 <.0001 

Heart failure on the 

index data *CVD-

event free time 

 0.998 0.996 1.000 0.0442 

1. Cardioprotective drugs:  Angiotension-converting enzyme inhibitors, angiotension II receptor blockers, and 

antihyperlipidemic drugs. 
2. CVD: Cardiovascular disease 
3. ER: Emergency Room  
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Figure 13. 

 
 

 

4.2.5.3 Sensitivity Analysis  

4.2.5.3.1 Patients adherence measured in the one-year post-index period 

The number of matched pairs of patients with and without adherence to at least 

one cardioprotecitve drug was 678. Patients who were adherent to at least one 

cardioprotective drug compared to those who were not adherent were 43% less likely to 

be associated with the risk of experiencing any CVD-related ER visits. Patients with 

hypertension at baseline, with CCI≥2, with heart failure on the index date  were 1.6, 1.9, 

2.2 times more likely to be associated with the risk of experiencing any CVD-related ER 

visits compared to those without hypertension, with CCI<2, or without heart failure, 

respectively. One additional prescription drug filled at baseline reduced 10% the 

likelihood of the risk of experiencing any CVD-related ER visits. The likelihood of 

experiencing any CVD-related ER visits was 2.1 times as high in the group of patients 

with the length of an index CVD hospitalization for 1 to 5 days as in the group of patients 

with a CVD hospitalization on the index date (Table 4.27). Adjusted survival curve 
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showed patients with adherence to at least one cardioprotective drug were less likely than 

patients who were nonadherent to be associated with the risk of experiencing any CVD-

related ER visits (Figure 14). 

Table 4.27 Impact of adherence to at least one cardioprotective
1
 drug on CVD

2
-related ER

3
 visits 

among patients with adherence measured in the one-year post-index period (N=1356) 

Variables Reference group Hazard 

Ratio 

95% CI P-value 

Adherence to at least  

one cardioprotective 

drug 

Non-adherence to any 

cardioprotective drugs 

0.569 0.398 0.814 0.0020 

Age 40-49 Age 18-39 0.888 0.507 1.554 0.6776 

Age 50-59 1.305 0.784 2.174 0.3062 

Age 60-64 0.889 0.454 1.743 0.7328 

Hypertension  1.617 1.106 2.366 0.0132 

Interrupted Medicaid 

Insurance  

 0.574 0.231 1.424 0.2311 

Number of drugs 

taken during the 

follow-up period 

 0.904 0.861 0.949 <.0001 

Charlson 

Comorbidity Index 

(CCI) ≥2 

CCI<2 1.863 1.159 2.994 0.0102 

0<days of index CVD 

hospitalization≤5 

No index CVD 

hospitalization 

2.092 1.174 3.728 0.0122 

Days of index CVD 

hospitalization>5 

1.689 0.688 4.149 0.2530 

0<days of all-cause 

hospitalizations 

during 1-year pre-

index period<10 

No hospitalizations at 

baseline 

1.178 0.621 2.234 0.6160 

Days of all-cause 

hospitalizations 

during 1-year pre-

index period≥10 

3.218 0.732 14.152 0.1219 

Heart failure on the 

index data 

 2.248 1.024 4.935 0.0435 

Acute myocardial 

infarction on the 

index date 

 2.420 0.995 5.882 0.0512 

Number of drugs 

taken during the 

follow-up 

period*CVD-event 

free time 

 1.000 1.000 1.000 0.0007 
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1. Cardioprotective drugs:  Angiotension-converting enzyme inhibitors, angiotension II receptor blockers, and 

antihyperlipidemic drugs. 
2. CVD: Cardiovascular disease 
3. ER: Emergency Room 

 

Figure 14 

 
 

 

4.2.5.3.2 Patients adherence measured in the two-year post-index period 

The number of matched pairs of patients with and without adherence to at least 

one cardioprotecitve drug was 346. Patients who were adherent to at least one 

cardioprotective drug compared to those who were not adherent were 40% less likely to 

be associated with the risk of experiencing any CVD-related ER visits, but the P-value 

was not significant. Patients with CCI≥2 or with acute myocardial infarction (AMI) on 

the index date were 2.2 or 5.8 times more likely to be associated with the risk of 

experiencing any CVD-related ER visits compared to those with CCI<2 or without AMI, 

respectively (Table 4.28). Adjusted survival curve showed patients with adherence to at 
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least one cardioprotective drug were less likely than patients who were nonadherent to be 

associated with the risk of experiencing any CVD-related ER visits (Figure 15). 

Table 4.28 Impact of adherence to at least one cardioprotective
1
 drug on CVD

2
-related ER

3
 visits 

among patients with adherence measured in the two-year post-index period (N=692) 

Variables Reference group Hazard 

Ratio 

95% CI P-value 

Adherence to at least  

one cardioprotective 

drugs 

Non-adherence to any 

cardioprotective drugs 

0.596 0.313 1.137 0.1161 

Age 40-49 Age 18-39 0.464 0.169 1.270 0.1350 

Age 50-59 1.236 0.526 2.902 0.6266 

Age 60-64 0.690 0.193 2.469 0.5687 

Hypertension  1.338 0.681 2.631 0.3982 

Charlson 

Comorbidity Index 

(CCI) ≥2 

CCI<2 2.237 1.042 4.804 0.0389 

Index CVD event 

identified on 

outpatient claims 

 2.100 0.947 4.659 0.0679 

Flu vaccine taken 

during the 1-year pre-

index period 

 0.152 0.021 1.115 0.0639 

Acute myocardial 

infarction on the 

index date 

 5.772 1.658 20.095 0.0059 

1. Cardioprotective drugs:  Angiotension-converting enzyme inhibitors, angiotension II receptor blockers, and 

antihyperlipidemic drugs. 
2. CVD: Cardiovascular disease 
3. ER: Emergency Room 
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Figure 15 

 

Figure 16 shows the impact of adherence to at least one cardioprotective drug on 

the risk of experiencing any CVD-related ER visits among patients with a uniform period 

to measure adherence during follow-up.  
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Chapter 5 

5. Discussion 

5.1 Impact of CVD hospitalization on medication adherence to CVD drugs 

5.1.1 Impact of CVD hospitalizations on medication adherence to AD drugs 

Patients with and without CVD hospitalization were matched on pre-index 

medication adherence to AD drugs. Patients with CVD hospitalization were more likely 

than those without CVD hospitalization to be adherent in the 6-month post-index period. 

Patients with CVD hospitalization were more likely than those without CVD 

hospitalization to have improved adherence of at least 5% comparing the 6-month post- 

to the 6-month pre-index period. Patient beliefs about the severity of diabetes may be 

improved because of CVD hospitalization. The Andersen’s Behavior Model of Health 

Care Utilization indicates that patient beliefs about disease severity is associated with 

improved medication adherence (Andersen, 2008). A study exploring sociodemographic 

and health care characteristics associated with poor medication adherence found that 

there was an association between a history of a CVD event and good adherence (Hyre, 

Krousel-Wood, Muntner, Kawasaki, & DeSalvo, 2007). Personal experience with CVD 

may improve patient awareness of the importance of medication-taking behaviors (Hyre, 

Krousel-Wood, Muntner, Kawasaki, & DeSalvo, 2007).  

Patients with uncontrolled diabetes are more likely to be admitted to the hospital 

because of CVD (Kong et al., 2007; T. A. Pearson et al., 2002). The management of 

chronic diseases should be an issue for health professionals to address during 

hospitalization. Knecht et al. (2006) found that the primary team did not focus on the 

management of hyperglycemia if diabetes was not the principal reason for hospitalization. 
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The medical records of 90 patients with either preexisting diabetes or a known potential 

glucose abnormality were reviewed. Even though there should have been enough time to 

address diabetes in most patients because of the average hospital stay of 5 days, a 

substantial proportion of the discharge notes did not mention an outpatient plan to follow 

up on the diabetes or hyperglycemia (Knecht et al., 2006). The American College of 

Endocrinology and ADA Consensus statement on inpatient diabetes and glycemic control 

indicates that patients with diabetes are often discharged without a plan for evaluation 

and management of the disease ("American College ", 2006).  

Clinical inertia is a major and pervasive factor in diabetes management (Shaefer, 

2006), and it may affect patient adherence to medication. Clinical inertia has been defined 

as “the recognition of the problem, but failure to act” (Shaefer, 2006). It is quite possible 

that the potential reluctance to change diabetes therapy is due to perceived risk of induced 

hypoglycemia in hospitalized patients (Braithwaite et al., 2004). Grant et al. (2007) found 

that patients with poor adherence were more likely than those with good adherence to 

receive therapy with clinical inertia. There may be some association between patient 

adherence and physician related factors. Clinical inertia may lead to patients not 

receiving intensified therapy and consequently developing uncontrolled diabetes. Patients 

may perceive symptoms of diabetes if the disease is not controlled. The website of ADA 

listed seven symptoms of diabetes: frequent urination, excessive thirst, extreme hunger, 

unusual weight loss, increased fatigue, irritability, and blurry vision. The most commonly 

reported symptoms in a national survey were frequent urination and increased fatigue 

(Clark, Fox, & Grandy, 2007). In general, patients with good glycemic control do not 

report these symptoms. Patients with poor adherence may think that medications are not 
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effective for their disease because they experience the symptoms of diabetes.  

A substantial proportion of patients were not adherent to AD drugs during the 6-

month post-CVD hospitalization. Hospitalization could perhaps be an opportunity for 

clinicians to stress the importance of medication adherence and its long-term benefits. 

The Joint Commission and ADA recommend implementing inpatient diabetes programs 

with the following features: 1) Specific staff education requirement; 2) Written blood 

glucose monitoring protocols; 3) Plans for the treatment of hypoglycemia and 

hyperglycemia; 4) Data collections of incidence of hypoglycemia; 5) Patient education on 

self-management of diabetes; and 6) An identified program champion or program 

champion team. In most cases, care coordinators, as program champions, ensure that 

patients receive organized, coordinated care in the hospital ("American Diabetes 

Association." n.d.). They would be mindful of any patient’s history of diabetes and of 

elevated blood glucose levels. Consequently, the implementation of an inpatient diabetes 

program could prevent additional morbidities and hospitalizations resulting from 

complications and lack of adequate patient self-care. During hospitalization, patients 

should be assessed about lifestyle, access to health care services, available support, 

culture, health literacy, knowledge of diabetes and treatment recommendations, and 

financial stability. The education materials provided to patients should not exceed a 

fourth or fifth-grade reading level. In most cases, patients receive a list of medications 

they need to take after discharge from the hospital, so care coordinators should make sure 

patients are aware of how to take the medications correctly. The ultimate discharge 

regimen must take into account the motivations and capacities of the patients. Some 

medications prescribed before hospitalization may no longer be necessary after 
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hospitalization, so the discharge note should point out these medications. The American 

College of Endocrinology and ADA consensus statement on inpatient diabetes and 

glycemic control supports the following strategies for maintenance of glycemic control in 

the discharge note: 1) insulin versus orally administered agents for long-term 

management; 2) lifestyle modification; 3) self-care behaviors; and 4) continuity of care 

("American College ", 2006).  

Previous studies have shown that inpatient education programs improved patient 

adherence to medications, but few studies have focused on populations with CVD 

hospitalizations. Al-Eidan et al (Al-Eidan, McElnay, Scott, & McConnell, 2002) found 

that the counseling from the hospital pharmacy improved dyspeptic patients adherent to a 

one-week eradication regimen consisting of lansoprazole, amoxicillin, and clarithromycin. 

Levy et al. (2000) reported that an intervention involving asthma education from 

hospital-based specialist-asthma nurses improved adherence and clinical outcomes in 

patients with asthma.  

Self-care management plays an important role in patients’ adherence after hospital 

discharge. It may be improved if there is effective communication between patients and 

their clinicians about medication changes, self-monitoring, and titrating medication doses 

according to blood glucose levels, meal content, and activity levels. Self-monitoring of 

blood glucose may contribute to self-care management because patients can monitor their 

own blood glucose. Patients should be encouraged to be involved in their own care after 

discharge, and the establishment of rapport is good for patients to get necessary services 

if they have any concerns about their disease after discharge ("American College", 2006).  
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5.1.2 Impact of CVD hospitalizations on medication adherence to AH drugs 

Patients with CVD hospitalization were more likely than those without CVD 

hospitalization to be adherent to AH drugs during the 6-month post-index period. The 

proportion of improvement of medication adherence of at least 5% comparing the 6-

month post- to the 6-month pre-index period was higher in patients with CVD 

hospitalization than in those without CVD hospitalization. Adherence to AH drugs is a 

critical factor for blood pressure control.  

Hypertension is called the “silent killer” because in most cases it is asymptomatic. 

Therefore, the severity of hypertension cannot by recognized by patients until 

complications of hypertension occur. CVD hospitalization may make patients realize the 

serious consequences of uncontrolled blood pressure. Some patients may improve their 

medication-taking behaviors after discharge from the hospital. Home monitoring and 

recording of blood pressure readings is recommended and can provide clinicians with 

valuable information because blood pressure can fluctuate, especially at the time of 

measurement by nurses ("American Heart Association. " n.d.). Adherence to AH drugs 

contributes to blood pressure control, and home-monitoring of blood pressure may make 

patients recognize the benefits of good adherence. 

Interventions for improving medication adherence have been shown in many 

studies. Rubin et al. (2005) described the following interventions as effective in 

improving patient adherence to medication: verifying recall and comprehension, 

clarifying potential treatment benefits, using electronic monitoring, simplifying regimens, 

minimizing costs, discussing adverse effects, and minimizing depression or diabetes-

related emotional distress. The unique role of pharmacists is to provide assistance by 
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implementing strategies to solve medication-related problems. Carter et al. (Carter, 

Zillich, & Elliott, 2003) found that cooperation between pharmacists and physicians can 

improve blood pressure control. In a largely urban African American cohort of 

hypertensive patients, the group of both physicians and their patients with education 

achieved a better reduction of SBP compared to the group of neither physicians nor their 

patients with education (W. Johnson et al., 2011). A study about evidence-based 

interventions to improve adherence to AH drugs showed the following successful 

interventions: reducing the number of pills taken a day, unit-dose medication packing, 

weekly telephone counseling by health professionals, clinic-based drug therapy 

management, mailed refill reminders before the due date of each refill, appointment 

reminder, home visits, and educational materials (Petrilla, Benner, Battleman, Tierce, & 

Hazard, 2005). To our knowledge, there is no report showing a hospital-based 

intervention to improve medication adherence to AH drugs. 

CVD hospitalization is a major consequence for patients with uncontrolled 

hypertension. Hospital-based interventions are an opportunity for clinicians to stress the 

importance of medication adherence to prevent CVD readmissions. In a study of patients 

with acute coronary syndrome, hospital-based implementation of secondary preventive 

measures reinforced the continuum of care approach, promoting a successful transition 

from treatment to prevention and inpatient to outpatient management (Rockson, deGoma, 

& Fonarow, 2007). In most cases, hospital-based interventions focus on serious diseases, 

such as stroke and heart failure, but the management of the underlying chronic diseases, 

such as hypertension and hyperlipidemia, is not often addressed. Smith et al. (2005) 

found that AL drugs were not shown on the discharge plan in patients with prior history 
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of hyperlipidemia requiring treatment. Our study showed that a substantial proportion of 

patients were not adherent to AH drugs during the 6-month post-CVD period. Meanwhile, 

CVD hospitalization was associated with improvement of patient adherence to AH drugs. 

Therefore, hospitalization is an opportunity for patient assessment and education to 

improve hypertension care over the long run. 

5.1.3 Impact of CVD hospitalizations on medication adherence to AL drugs 

Hyperlipidemia is an asymptomatic condition, and patients may perceive no 

immediate benefits from taking AL drugs. They may discontinue medications without 

considering the long-term consequences of nonadherence to AL drugs(Jackevicius, 

Mamdani, & Tu, 2002). Generally lipid tests can only be conducted at a laboratory, so 

patients with hyperlipidemia cannot easily recognize the benefits of good adherence to 

medication by monitoring lipid levels at home. Moreover, beliefs about the severity of 

hyperlipidemia may not be much improved in patients with CVD hospitalization. Brewer 

et al. (Brewer, Chapman, Brownlee, & Leventhal, 2002) found a close association 

between cholesterol illness cognition and medication adherence. Patients with self-

reported good adherence expressed the belief that hyperlipidemia had serious coronary 

consequences. Moreover, low-density lipoprotein cholesterol control was associated with 

patient cognition that hyperlipidemia was a stable, asymptomatic disease with severe 

coronary consequences (Brewer, Chapman, Brownlee, & Leventhal, 2002).  

Physician attitudes and beliefs play an important role in improving patient 

adherence to medication. In a study of patients who had an average lipid therapy period 

of 3.5 years, around 44% of these patients did not reach the lipid goal. Less than 16% of 

150 physicians in the study agreed that treating hyperlipidemia was a priority (Foley et al., 
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2006). Therefore, physician attitudes may impede the improvement of patient beliefs in 

the severity of hyperlipidemia. The study showed that around half of patients with 

hyperlipidemia were not adherent to AL drugs during the 6-month post-CVD 

hospitalization. The high proportion of medication nonadherence may not only be 

associated with patient beliefs but also with clinician attitudes about lipid therapy. It is 

recommended that the lipid therapy should be emphasized on the discharge notes. 

Medication adherence can be improved with appropriate follow-ups. Benner et al. 

(2004) found that regular follow-up and lipid testing promoted adherence with AL drugs. 

In a study of implementing cardiac hospitalization atherosclerosis management, an 

effective way of compliance improvement was to repeat lipid testing and follow-up visits 

at 6 and 12 months after discharge from the hospital (Fonarow, Gawlinski, Moughrabi, & 

Tillisch, 2001). Hyre et al. (Hyre, Krousel-Wood, Muntner, Kawasaki, & DeSalvo, 2007) 

found that factors associated with good adherence were satisfaction with care and good 

patient-doctor relationship. Follow-up interviews by health professionals should be in an 

environment where patients feel comfortable about telling clinicians any concerns they 

have.  

5.1.4 Comparison of patient behaviors in adherence to AD, AH, and AL drugs 

Compared to diabetes and hypertension, hyperlipidemia is a more “silent” disease. 

The ADA website listed seven symptoms of diabetes: frequent urination, excessive thirst, 

extreme hunger, unusual weight loss, increased fatigue, irritability, and blurry vision 

(Clark, Fox, & Grandy, 2007). Patients may perceive the symptoms if they have 

uncontrolled diabetes. The website of AHA indicated that patients with very high blood 

pressure (systolic of 180 or higher or diastolic of 110 or higher) may have symptoms of 
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severe headaches, severe anxiety, shortness of health, and nosebleeds ("American Heart 

Association." n.d.). In contrast, most of the time patients do not feel any symptoms of 

hyperlipidemia until complications of hyperlipidemia occur, such as stroke.("American 

Heart Association." n.d.) Asymptomatic hyperlipidemia might be an important reason for 

the low proportion of patients who were adherent to AL drugs in our study. 

Portable machines have been in the market to monitor the levels of blood glucose 

and blood pressure, but the unavailability of a portable machine for checking lipid levels 

makes it difficult for patients to see the effects of adherence to AL drugs on lowering 

lipid levels on time. The only way for patients to know their lipid levels is to get a 

cholesterol test at laboratories. The inconvenient cholesterol tests might be another reason 

for the low proportion of patients who were adherent to AL drugs. 

The best recognized and most commonly reported adverse events of statins were 

muscle adverse events, including muscle pain, fatigue, weakness, and rhabdomyolysis 

(Golomb & Evans, 2008). Liver adverse events are second most recognized adverse 

events of statins (Golomb & Evans, 2008; Maritz, 2002).  Direct-to-consumer advertising 

of statins may affect patient choices of taking lipid-lowering drugs because patients are so 

sensitized to side effects through advertisements. The muscle and liver adverse events are 

major adverse events mentioned on TV advertisements. Rhabdomyolysis is a serious and 

rare condition with common symptoms (muscular pain and weakness) (Wosinska, 2003), 

so patients with the symptoms may stop taking statins without contacting physicians 

because they hear the symptoms might related to side effects of statins through 

advertisements. Most of the time, the cause of muscular pain or weakness is not statins. A 

report about consumer-directed promotion showed that lipitor’s advertising was 
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associated with increased number of non-compliant days based on two empirical 

studies(Wosinska, 2003).  Direct-to-consumer advertising of statins, especially TV 

advertisements, might be another reason for the low proportion of patients who were 

adherent to AL drugs. 

The sensitivity analysis in the study showed that patients who were adherent to 

one class of CVD drugs (AD, AH, or AL drugs) were more likely to be adherent to the 

other classes of CVD drugs. Medication adherence is consistent across drug classes. 

Diabetes, hypertension, and hyperlipidemia are the prevalent risk factors for CVD 

hospitalization. Thus, during a CVD hospitalization, it should be emphasized that 

adherence to the three CVD drug classes is important to prevent CVD readmissions. If 

health insurance can cover the costs of blood glucose and/or blood pressure monitors for 

patients with diabetes and/or hypertension, convenient tests at home may contribute to 

patient adherence to medication. Since poor adherence to AL drugs was shown in the 

study, improving patient awareness of the severity of hyperlipidemia is an important issue 

to address during CVD hospitalization. Meanwhile, physician attitudes about 

hyperlipidemia therapy should be improved. The study showed that the impact of CVD 

hospitalization was positively associated with improved adherence to CVD drugs. 

Furthermore, a substantial proportion of patients were not adherent to CVD drugs after 

discharge from a CVD hospitalization. Further clinical trials may be necessary to explore 

what hospital-based interventions are effective for improving patient adherence to CVD 

drugs. Follow-up interviews by health professionals after discharge from the hospital are 

also necessary for patients to maintain medication adherence.  
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5.2 Impact of patient adherence to cardioprotective drugs on hospital utilization 

The study showed a low proportion of patients with at least one prescription fill of 

cardioprotective drugs during the first four weeks after a CVD event. The CVD events 

were identified on inpatient, outpatient, or physician claims. Among patients with a CVD 

hospitalization, a substantial proportion of the patients did not fill at least one prescription 

of cardioprotective drugs during the first four weeks after discharge from the hospital. 

The following strategies may be useful for improving the proportion of patients with 

CVD taking cardioprotective drugs. First of all, the prescription for cardioprotective 

drugs should be shown on either the discharge notes of patients with CVD hospitalization 

or the instruction notes of patients with outpatient or physician visits for CVD. Second, 

patient education about adherence to cardioprotective drugs is important for patients to 

prevent CVD readmissions. Third, follow-up interviews should be implemented to 

improve patient adherence to cardioprotective drugs.  

Among patients with a uniform period of 6 months to measure adherence, patients 

who were adherent to at least one cardioprotective drug were less likely than those who 

were not adherent to be associated with the risk of experiencing any all-cause 

hospitalizations, CVD-related hospitalizations, or CVD-related ER visits. Findings from 

our study indicated that short-term adherence to cardioprotective drugs played an 

important role in improving patient outcomes. The hazard ratios of the risk of 

experiencing all-cause hospitalizations went down as the uniform period extended to 

measure adherence. The more time a patient spent on adherence to cardioprotective drugs, 

the less risk of experiencing all-cause hospitalizations the patient had. Even though the 

association between one-year adherence to cardioprotective drugs and the reduced risk of 
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experiencing CVD-related hospitalizations was not statistically significant, the hazard 

ratio was less than 1. Furthermore, a significant reduction in the risk of experiencing 

CVD-related hospitalizations was shown in patients with two-year adherence to 

cardioprotective drugs compared to those who were not adherent. The impact of long-

term adherence to cardioprotive drugs was also shown on the reduction in the risk of 

experiencing CVD-related ER visits. The adjusted survival curve indicated that patients 

with two-year adherence to cardioprotective drugs were less likely than those who were 

not adherent to be associated with the risk of experiencing any CVD-related ER visits, 

but the P-value was not significant. The difference was not statistically detected might 

because of the issue of the small sample size.  

The impact of adherence to cardioprotective drugs on utilization of health services 

has been widely explored (Bates, Connaughton, & Watts, 2009; Ho et al., 2008; Ho, 

Spertus et al., 2006), but there have been no similar studies focusing on the population of 

Medicaid beneficiaries. The Medicaid database used in the study was composed of 

minorities and people with limited income. Furthermore, patients in the study had one of 

the following chronic diseases: diabetes, hypertension, or hyperlipidemia. Health 

expenditures for Medicaid is significant, $373.9 billion in 2009, and comprised 15% of 

the total U.S. NHE ("Centers for Medicare & Medicaid Services." n.d.). In general, the 

costs from ER visits and hospitalizations are major components of the NHE. The study 

showed the importance of good adherence to at least one cardioprotective drug in the 

reduction of hospital utilization, which is the major component of health expenditures. 

Therefore, improvement of patient adherence to medication may be an effective way to 

reduce health care expenditures. 
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The proportion of patients who were adherent to at least one cardioprotective drug 

was low in our study. Around half of patients with prescription fills of cardioprotective 

drugs were not adherent regardless of a uniform period to measure adherence. Patients in 

the study were at high risk for CVD. It is important to implement effective programs to 

educate patients at high risk for CVD about the importance of adherence to 

cardioprotective drugs. The Coaching patients On Achieving Cardiovascular Health 

program was implemented to reduce “the treatment gap” in patients with coronary heart 

disease. During the coaching sessions, delivered by phone, participants were encouraged 

to ask for appropriate prescription of medication, changes in dose, and even to ask for a 

change in drug if maximal dose of a particular drug had failed to achieve the target. The 

program had shown to contribute to improved medication adherence (Jelinek et al., 2009). 

The Heartwatch program was designed for secondary prevention of cardiovascular 

disease. Patients recruited in the program had a history of myocardial infarction, 

percutaneous coronary intervention, or coronary artery bypass graft surgery. They were 

invited to attend once every three months for continuing care that was implemented 

according to clinical protocols. Patients were followed up for up to 3.5 years, and 

adherence to cardioprotective drugs improved. The community-based program focused 

on monitoring of adherence over a period to optimize risk factors for secondary CVD 

prevention (Fitzpatrick, Fitz-Simon, Lonergan, Collins, & Daly, 2011). The study showed 

that one additional physician visit for diabetes, hypertension, and/or hyperlipidemia at 

baseline increased the likelihood of adherence to cardioprotective drugs. It indicates that 

frequent communication between patients and their physicians may contribute to 

improved adherence to medication.  
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Patients in the study represented a special population, Medicaid beneficiaries at 

high-risk for CVD. To our knowledge, there have been no interventions to improve 

patient adherence to medication in this population. Since the study indicated that good 

adherence to cardioprotective drugs was associated with reduced hospital-related 

utilization, it is necessary to implement strategies to address the low proportion of 

patients who were adherent to cardioprotective drugs. Further studies may be necessary 

to explore what interventions to improve patient adherence to medication would be 

applicable in the population of Medicaid beneficiaries at high-risk for CVD. 

5.3 Limitations 

Maryland Medicaid claims data from January 2001 to June 2006 were used in the 

study. The short period of five-year Medicaid database made it impossible to explore the 

impact of CVD hospitalizations on long-term adherence to CVD drugs because of the 

small sample size.  

Maryland Medicaid claims data do not include examination and lab values of 

blood pressure, blood glucose, HbA1c, etc. Administrative data are in general collected 

for insurance reimbursement, not for clinical research. The severity of hypertension, 

diabetes, and hyperlipidemia was indirectly reflected using the following covariates in the 

study: number of micro- and macro-vascular diseases, and number of physician visits for 

hypertension, diabetes, and/or hyperlipidemia.  

The severity of CVD cannot be accurately measured using the Medicaid database. 

Patients with more severe CVD may have better adherence to medication than those who 

have less severe CVD (Wei, Fahey, & MacDonald, 2008). Patients with serious CVD 
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may realize the consequences of CVD. They may have good adherence because of the 

improvement of perceived severity of CVD (Elrod, 2007).  

Some factors associated with medication adherence cannot be measured in the 

study. Lifestyle risk factors, such as smoking and physical inactivity, were indirectly 

reflected using the covariate of healthy adherer effect in the study. A systematic review 

showed that practitioner factors, including poor knowledge of adherence, time constraints, 

poor communication skills and patient-doctor working alliance, were associated with 

poor adherence to statins (Bates, Connaughton, & Watts, 2009). Chisholm et al. (2004) 

described three adherence barriers associated with practitioners. 1) Physicians do not or 

lack time to explain how to take medication and assess patient medication adherence; 2) 

Patients lack confidence in physician; 3) Physicians do not include patients as part of the 

treatment-decision process. Information on practitioner factors was not available using 

the Medicaid data.  Low health literacy is associated with medication nonadherence 

(Baroletti & Dell'Orfano, 2010; Gazmararian et al., 2006). Patients with low health 

literacy might not comprehend or understand how to take medication. They might not 

understand their disease state and the importance of taking the medication (Chisholm, 

2004).  The information on health literacy cannot be measured using the Medicaid dataset. 

Social support, including marital status and living arrangement, was not measurable in 

the study. Medicaid beneficiaries get access to a generous package of benefits, and there 

is no significant financial burden for them to obtain their prescriptions(Crystal, Akincigil, 

Bilder, & Walkup, 2007).  Perhaps financial burden could not a barrier to adherence in 

the study. The study dataset does not contain information on hospital characteristics that 

might associated with patient adherence to medication. 
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Environmental factors associated with medication adherence cannot be measured 

in the study. Three aspects of environmental factors are healthcare delivery system 

characteristics, external environmental factors, and community-level enabling variables. 

Healthcare delivery system characteristics are the policies, resources, organization, and 

financial arrangements influencing the accessibility, availability, and acceptability of 

medical care services (e.g., physician supply). External environment include the 

economic climate, relative wealth, politics, level of stress and violence, and prevailing 

norms of the society. Community-level enabling variables reflect whether the community 

where a person lives contributes to the attainment of health services (e.g., availability of 

physicians in the community) (Phillips, Morrison, Andersen, & Aday, 1998).  

Medication adherence was measured based on pharmacy claims, so PDC cannot 

reflect actual drug-taking behavior. Aspirin is an over-the-counter (OTC) drug, so 

adherence to aspirin may be underestimated because patients can get it without a 

prescription. However, as Medicaid beneficiaries have limited income and aspirin is 

covered by the Preferred Drug List of Medicaid, most beneficiaries may prefer to getting 

aspirin with Medicaid coverage. 

LOS is associated with many factors, and some of them may be unrelated to CVD. 

For example, a patient may have acquired nosocomial infections during hospitalization, 

and this may have extended his/her LOS. Consequently, it is better to use a fitted value of 

LOS instead of an actual value to reflect the LOS associated with CVD. Limited 

information of the dataset used in the study made it impossible to set up an accurate 

model to predict fitted values of LOS.  
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The study population was composed of Maryland Medicaid beneficiaries with at 

least one of three chronic diseases: hypertension, hyperlipidemia, or diabetes. Meanwhile, 

Medicaid beneficiaries enrolled in the study were aged 18 years or older and less than 65 

years. Results from the study are not generalizable, but the study provides useful 

information applicable to Medicaid beneficiaries at high-risk for CVD in the age range of 

18 to 64 years.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

115 

 

Chapter 6 

6. Conclusion 

CVD hospitalization is a serious consequence of diabetes, hypertension, or 

hyperlipidemia. Medication adherence plays an important role in the secondary 

prevention of CVD. Patient adherence to CVD drugs (AD, AH, or AL drugs) had 

improved after a CVD hospitalization, but there were still a substantial proportion of 

patients who were not adherent after a CVD hospitalization. Health professionals should 

educate patients about the importance of adherence during hospitalization. Furthermore, 

follow-up interviews could be important for patients to maintain medication adherence 

after hospital discharge.  

Patient adherence to cardioprotective drugs was associated with the reduction of 

hospital utilization. However, around half of patients who took prescription fills of 

cardioprotective drugs were not adherent. Moreover, the study shows the low proportion 

of patients with at least one prescription fill of cardioprotective drugs during the first four 

weeks after a CVD event. The combination of both patient and physician education may 

be an effective way for patients to be adherent. Physician education may contribute to 

physician adherence to clinical guidelines and improving communication between 

physicians and their patients.  

Patient nonadherence to medication is a critical issue among Medicaid 

beneficiaries at high-risk for CVD. Further studies could be conducted to explore what 

interventions would be applicable to improve patient adherence to medication in 

vulnerable populations.  



 

116 

 

Appendix A List of Antidiabetic, Antihypertensive, Antihyperlipidemic, and 

Antiplatelet Drugs 
 

List of Antidiabetic, Antihypertensive, Antihyperlipidemic, and Antiplatelet Drugs 

Drug Classes  Generic Name Brand Name Therapeutic 

Class 

Preferred 

Drug List 

Antihypertensive 

Drugs 

Diuretics Amiloride  Midamor 402816 Y 

Bumetanide  Bumex 402808 

Chlorothiazide  Diuril 402820 

Chlorthalidone Hygroton 402824 

Furosemide  Lasix 402808 

Hydrochlorothi

azide 

Esidrix, 

Hydrodiuril 

402820 

Indapamide  Lozol 402824 

Spironolactone Aldactone 243220 

Angiotensin

-Converting 

Enzyme 

(ACE) 

Inhibitors 

Benazepril  Lotensin 243204 Y 

Captopril  Capoten  Y 

Enalapril  Vasotec  Y 

Fosinopril  Monopril  Y 

Lisinopril  Prinivil, 

Zestril 

 Y 

Moexipril  Univasc  N 

Perindopril  Aceon  N 

Quinapril  Accupril  Y 

Ramipril  Altace  Y 

Trandolapril  Mavik  N 

Angiotensin 

II Receptor 

Antagonists 

Candesartan  Atacand 243208 N 

Eprosartan Teveten  N 

Irbesartan  Avapro  N 

Losartan  Cozaar  Y 

Telmisartan  Micardis  Y 

Valsartan  Diovan  Y 

Beta 

Blockers 

Acebutolol  Sectral 242400 Y 

Atenolol  Tenormin  Y 

Betaxolol  Kerlone  N 

Bisoprolol/hydr

ochlorothiazide 

Ziac  Y 

Bisoprolol  Zebeta  Y 

Carteolol  Cartrol   

Metoprolol  Lopressor, 

Toprol XL 

 Y 

Nadolol  Corgard  Y 

Propranolol Inderal  Y 
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Sotalol  Betapace  Y 

Timolol Blocadren  Y 

Calcium 

Channel 

Blockers 

Amlodipine  Norvasc, 

Lotrel 

242808 Y 

Bepridil  Vascor   

Diltiazem Cardizem, 

Tiazac 

242892 Y 

Felodipine Plendil 242808 Y 

Nifedipine Adalat,   Proc

ardia 

242808 Y 

Nimodipine Nimotop 242808 N 

Nisoldipine Sular 242808 N 

Verapamil  Calan, 

Isoptin, 

Verelan 

242892 Y 

Alpha 

Blockers 

 

Doxazosin 

mesylate  

Cardura 242000 Y 

Prazosin 

hydrochloride  

Minipress   

Prazosin and 

polythiazide  

Minizide   

Terazosin 

hydrochloride 

Hytrin  Y 

Central 

Alpha 

Agonists 

 

Clonidine 

hydrochloride 

Catapres 240816 Y 

Clonidine 

hydrochloride 

and 

chlorthalidone  

Clorpres, 

Combipres 

 

Guanabenz 

Acetate 

Wytensin  

Guanfacine 

hydrochloride  

Tenex  

Methyldopa Aldomet  

Methyldopa 

and 

chlorothiazide 

Aldochlor  

Methyldopa 

and 

hydrochlorothia

zide 

Aldoril  

Beta 

Blocker and 

Diuretic 

Atenolol and 

chlorthalidone 

Tenoretic 242400 Y 

Bisoprolol and Ziac  Y 
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hydrochlorothia

zide 

Nadolol and 

bendroflumethi

azide 

Corzide   Y 

Propranolol and 

hydrochlorothia

zide 

Inderide   

Timolol and 

hydrochlorothia

zide 

Timolide   

ACE 

inhibitor 

and diuretic 

Benazepril and 

hydrochlorothia

zide  

Lotensin 243204 Y 

Enalapril and 

hydrochlorothia

zide  

Vaseretic  Y 

Lisinopril and 

hydrochlorothia

zide 

Prinzide, Zes

toretic 

 Y 

Moexipril and 

hydrochlorothia

zide 

Uniretic  N 

Quinapril and 

hydrochlorothia

zide  

Accuretic  Y 

Angiotensin 

II Receptor 

Antagonist 

and diuretic 

Irbesartan and 

hydrochlorothia

zide 

Avalide 243208 Y 

Losartan and 

hydrochlorothia

zide  

Hyzaar  Y 

Valsartan and 

hydrochlorothia

zide 

Diovan HCT  Y 

ACE 

inhibitor 

and calcium 

channel 

blocker 

Amlodipine 

and benazepril  

Lotrel 242808 Y 

Enalapril and 

felodipine 

Lexxel 243204  

Trandolapril 

and verapamil 

Tarka 243204 N 

Alpha and 

beta 

blocker 

Carvedilol  Coreg 242400 Y 

Labetalol 

hydrochloride 

Normodyne  Y 

Antihyper- HMG- CoA Lovastatin  Altoprev 240608 Y 
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lipidemic drugs  reductase 

inhibitors 

(Statins) 

Rosuvastatin Crestor  Y 

Fluvastatin Lescol  Y 

Atorvastatin Lipitor  Y 

Pitavastatin  Livalo   

Lovastatin Mevacor   Y 

Pravastatin  Pravachol  Y 

Simvastatin  Zocor  Y 

Bild Acid 

Seques-

trants 

Colestipol  Colestid 240604 Y 

Cholestyramine  LoCholest, 

Prevalite, 

Questran 

 Y 

Colesevelam  Welchol  N 

Fibrates Fenofibrate  Antara, 

Fenoglide, 

Lipofen, 

Tricor,  

Triglide, 

Trilipix 

240606 Y, 

N, 

N, 

Y, 

N, 

Y 

Gemfibrozil  Lopid  Y 

Niacin Niacin 

Nicotinic Acid  

Niaspan 240692 Y 

Cholesterol 

absorption 

inhibitor 

Ezetimibe  Zetia 

240605 N 

Omega-3 

fatty acid 

Omega-3 Acid 

Ethyl Esters  
Lovaza 

 N 

Combi- 

nation 

medicine 

Niacin and 

Lovastatin  

Advicor 240608 N 

Niacin and 

Simvastatin  

Simcor  Y 

Ezetimibe and 

Simvastatin 

Vytorin 240605 N 

Antihypertenive 

and antihyper-

lipidemic drug 

 Amlodipine 

and 

Atorvastatin  

Caduet 

240608 N 

Antidiabetic 

Drugs 

Thiazolidin

ediones 

(TZDs) 

Pioglitazone Actos 682028 Y 

Rosiglitazone Avandia  Y 

Biguanides metformin  Glucophage, 

Fortamet, 

Glumetza,  

Riomet 

682004 Y 

Sulfonylure

as- Second 

glimepiride  Amaryl 682020 Y 

glipizide   Glucotrol,   Y 
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Generation 

(SUs) 

glyburide  Diabeta, 

Micronase, 

Glynase 

 Y 

Megli- 

tinides 

nateglinide  Starlix  682016 Y 

repaglinide  Prandin  Y 

α-

glucosidase 

inhibitors 

(AGIs) 

acarbose  Precose  682002 Y 

miglitol  Glyset  Y 

Glucagon-

like peptide 

analogues 

(GLP) 

exenatide Byetta 682092 Y 

Amylin 

analogues 

Dipeptidyl 

peptidase-4 

inhibitors 

(DPP-IV) 

pramlintide Symlin 682092 Y 

saxagliptin  Onglyza  Y 

sitagliptin  Januvia  Y 

Insulins   682008 Y 

Combi- 

nation 

Medication 

glimepiride/ 

pioglitazone  

Duetact  Y 

glimepiride/ 

rosiglitazone  

Avandaryl  Y 

glipizide/ 

metformin  

Metaglip  Y 

glyburide/ 

metformin  

Glucovance  Y 

metformin/ 

rosiglitazone  

Avandamet  Y 

pioglitazone/ 

metformin  

ActoPlus 

Met 

 Y 

repaglinide/ 

metformin  

Prandimet   

sitagliptin/ 

metformin  

Janumet  Y 

Antiplatelelt 

agents 

 Aspirin Aspirin 280804 Y 

Clopidogrel 

bisulfate 

Plavix 201218 Y 
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Appendix B Calculation of the Charlson Comorbidity Index 

Condition ICD-9 Codes Score for each 

condition 

Myocardial infarct 410.X, 412.X 1 

Congestive heart failure 398.91, 402.01, 402.11, 402.91, 404.01, 404.03, 

404.11, 404.13, 404.91, 404.93, 425.4–425.9, 

428.x 

1 

Peripheral vascular 

disease 

093.0, 437.3, 440.x, 441.x, 443.1–443.9, 447.1, 

557.1, 557.9, V43.4 

1 

Cerebrovascular disease 362.34, 430.x–438.x 1 

Dementia 290.x, 294.1, 331.2 1 

Chronic pulmonary 

disease 

416.8, 416.9, 490.x–505.x, 506.4, 508.1, 508.8 1 

Connective tissue 

disease 

446.5, 710.0–710.4, 714.0–714.2, 714.8, 725.x 1 

Ulcer disease 531.x–534.x 1 

Mild liver disease 070.22, 070.23, 070.32, 070.33, 070.44, 070.54, 

070.6, 070.9, 570.x, 571.x, 573.3, 573.4, 573.8, 

573.9, V42.7 

1 

Diabetes 250.0–250.3, 250.8, 250.9 1 

Hemiplegia 334.1, 342.x, 343.x, 344.0–344.6, 344.9 2 

Moderate or severe renal 

disease 

403.01, 403.11, 403.91, 404.02, 404.03, 404.12, 

404.13, 404.92, 404.93, 582.x, 583.0–583.7, 

585.x, 586.x, 588.0, V42.0, V45.1, V56.x 

2 

Diabetes with end organ 

damage 

250.4–250.7 2 

Any tumor, leukemia, 

and lymphoma 

140.x–172.x, 174.x–195.8, 

200.x–208.x, 238.6 

2 

Moderate or severe liver 

disease 

456.0–456.2, 572.2–572.8 3 

Metastatic solid tumor 196.x–199.x 6 

Acquired 

immunodeficiency 

syndrome 

042.x–044.x 6 
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Appendix C Chronic Complications of Macro- and Microvascular Disease 

Chronic Complications of Macro- and Microvascular Disease ICD-9 codes 

Neurological symptoms  

Myasthetic syndromes in diseases classified elsewhere (amyotrophy)     358.1 

Other specified idiopathic peripheral neuropathy     356.8 

Mononeuritis of upper and lower limbs     354, 355 

Arthropathy associated w/neurological disorders (Charcot's arthropathy)     713.5 

Peripheral autonomic neuropathy     337.1 

Polyneuropathy in diabetes     357.2 

Neuralgia, neuritis, and radiculitis, unspecified     729.2 

Diabetes with neurological complications     250.6 

Occlusion of cerebral arteries     434 

Hemorrhagic stroke     430–432 

Late effects of cerebrovascular disease     438 

Occlusion of stenosis of pre-cerebral arteries     433 

Other and ill-defined cerebrovascular disease     437 

Acute, but ill-defined, cerebrovascular disease     436 

TIAs     435 

Peripheral vascular disease  

Atherosclerosis     440 

Embolism and thrombosis, structure of artery     444, 447.1 

Other peripheral vascular disease     443 

Other disorders of circulatory system     459 

Phlebitis and thrombophlebitis, portal vein throbosis and thrombolism and venous 

thrombolism     

451,452 

Other venous embolism and thrombolism     453 

Varicose veins of lower extremities     454 

Gangrene and amputations     785.4, 885–887, 

895–897 

Chronic ulcer of skin     707 

Cardiovascular disease  

Aortic and other aneurysms     441, 442 

Hypotension     458 

Angina     413 

Conduction disorders and cardiac dysrhythmias     426–427 

ASCVD     429.2 

Cardiomegaly     429.3 

Cardiomyopathy     425 

Other acute and subacute forms of ischemic heart disease     411 
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Chronic Complications of Macro- and Microvascular Disease ICD-9 codes 

Heart failure     428 

Diabetes w/peripheral circulatory disorders     250.7 

Myocardial degeneration     429.1 

Myocardial infarction     410, 412 

Other chronic ischemic heart disease     414 

Hypertension 401-405 

Renal Complications  

Infections of kidney     590 

Other disorders of bladder     596 

Cystitis     595 

Renal sclerosis, unspecified     587 

Glomerulonephritis, nephrotic syndrome, nephritis, and nephropathy     580–583 

Proteinuria     791.0 

Renal failure and its sequelae     584, 586, 588 

Other disorders of kidney and ureter     593 

Urinary tract infection     599.0 

Diabetes and renal complications 250.4 

Chronic renal failure (ESRD)     585 

Endocrine/metabolic complications  

Dwarfism-obesity syndrome     259.4 

Glycogenosis and galactosemia     271.0, 271.1 

Disorders of iron metabolism     275.0 

Hypercholesterolemia 272.0 

Hyperchylomicronemia 272.3 

Hyperkalemia     276.7 

Hypertriglyceridemia 272.1 

Macroglobulinemia     273.3 

Lancereaux's disease     261 

Lipidoses     272.7 

Other specified endocrine disorders     259.8 

Other and unspecified hyperlipidemia 272.4 

Mixed hyperlipidemia 272.2 

Renal glycosuria     271.4 

Ophthalmic complications  

Other retinal disorders     362 

Vascular disorders of the iris and ciliary body     364.0, 364.4 

Disorders of the optic nerve and visual pathways     377 

Diabetes with ophthalmic complications     250.5 
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Chronic Complications of Macro- and Microvascular Disease ICD-9 codes 

Cataract     366 

Glaucoma     365 

Visual disturbance, low vision, blindness     368–369 

Other complications  

Bacteremia, bacterial infection, Coxsackie virus     079.2, 790.7 

Candidiasis of skin and nails     112.3 

Chronic osteomyelitis of the foot     730.17 

Other and unspecified noninfectious gastroenteritis and colitis     558.9 

Impotence of organic origin     607.84 

Infective otitis externa     380.1 

Degenerative skin disorders     709.3 

Candidiasis of vulva and vagina     112.1 

Cellulitis     681, 682 

Diabetes with other specified manifestations     250.8 

Diabetes with unspecified complication     250.9 

Other bone involvement in disease classified elsewhere     731.8 
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Appendix D List of Psychiatric Medications 

Drug Classes Generic Name Brand Name Therapeutic 

Class 

Antipsychotic 

Medications 

aripiprazole Abilify 281608 

chlorpromazine Thorazine 281608 

clozapine Clozaril 281608 

fluphenazine fluphenazine  281608 

haloperidol Haldol 281608 

iloperidone Fanapt  

loxapine Loxitane 281608 

molindone Moban 281608 

olanzapine Zyprexa 281608 

paliperidone Invega  

perphenazine perphenazine  281608 

pimozide Orap  281608 

quetiapine Seroquel 281608 

risperidone Risperdal 281608 

thioridazine thioridazine   

thiothixene Navane 281608 

trifluoperazine Stelazine 281608 

ziprasidone Geodon 281608 

Antidepressant 

Medications 

amitriptyline Elavil (tricyclic) 281604 

amoxapine Asendin 281604 

clomipramine Anafranil (tricyclic) 281604 

bupropion Wellbutrin 281604 

citalopram Celexa (SSRI) 281604 

nortriptyline Aventyl (tricyclic) 281604 

desipramine Norpramin (tricyclic) 281604 

doxepin Sinequan (tricyclic) 281604 

duloxetine Cymbalta (SNRI) 281604 

escitalopram Lexapro (SSRI) 281604 

fluoxetine Prozac (SSRI) 281604 

fluoxetine Sarafem (SSRI) 281604 

fluvoxamine Luvox (SSRI) 281604 

trazodone Desyrel 281604 

imipramine Tofranil (tricyclic) 281604 

imipramine pamoate Tofranil-PM 

(tricyclic) 

281604 

isocarboxazid Marplan (MAOI)  

maprotiline Ludiomil (tricyclic) 281604 

mirtazapine Remeron 281604 

nortriptyline Pamelor (tricyclic) 281604 

paroxetine Paxil (SSRI) 281604 

paroxetine-mesylate Pexeva (SSRI) 281604 
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phenelzine Nardil (MAOI) 281604 

protriptyline Vivactil (tricyclic) 281604 

selegiline Emsam 289200 

sertraline Zoloft (SSRI) 281604 

tranylcypromine Parnate (MAOI) 281604 

trazodone Desyrel 281604 

trimipramine Surmontil (tricyclic) 281604 

venlafaxine Effexor (SNRI) 281604 

Mood 

Stabilizing and 

Anticonvulsan

t Medications 

carbamazepine Tegretol 281292 

divalproex sodium (valproic 

acid) 

Depakote 281292 

gabapentin Neurontin 281292 

lamotrigine Lamictal 281292 

lithium carbonate Eskalith,  Lithobid 282800 

lithium citrate lithium citrate  282800 

oxcarbazepine Trileptal 281292 

topiramate Topamax 281292 

Anti-anxiety 

Medications 

alprazolam Xanax 282408 

buspirone BuSpar 282492 

chlordiazepoxide Librium 402804 

clonazepam Klonopin 281208 

clorazepate Tranxene 282408 

diazepam Valium 282408 

lorazepam Ativan 282408 

oxazepam oxazepam  282408 

ADHD 

Medications 

amphetamine Adderall 282004 

amphetamine (extended release) Adderall XR 282004 

atomoxetine Strattera 289200 

dexmethylphenidate Focalin 282004 

dexmethylphenidate (extended 

release) 

Focalin XR 282004 

dextroamphetamine Dexedrine, Dextrostat 282004 

lisdexamfetamine dimesylate Vyvanse  

methamphetamine Desoxyn 282004 

methylphenidate Ritalin 282092 

methylphenidate (extended 

release) 

Metadate CD, 

Metadate ER, Ritalin 

SR 

282092 

methylphenidate (long-acting) Ritalin LA, Concerta 282092 

methylphenidate patch Daytrana 282092 

methylphenidate (oral solution 

and chewable tablets) 

Methylin 282092 
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