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ABSTRACT 

Evaluation of Pharmacist-directed University-based Wellness 

Clinic 

The pharmacist-directed wellness program at Wingate University has not been 

evaluated before. The literature supports the need for assessments of clinical, 

economic, and other health related effectiveness of medication adherence 

across diseases or drug classes.  

The primary objective of this retrospective chart review was to describe 

medication adherence to prescription therapy for participants in the wellness 

program who had been diagnosed with certain chronic conditions. Cross-

sectional analysis was conducted to evaluate medication adherence between 

two wellness visits by using prescription refills from an automated database.  

The secondary objectives were to assess changes in clinical, economic, and 

health behavior outcomes between two wellness visits, and relate these to 

medication adherence. Quasi-experimental design was used to assess these 

outcomes based on wellness visit charts and other secondary data.  

About half (49.5%) of the study population was non-adherent to their 

prescription therapy. Non-adherent subjects, compared to adherent persons, 

were more likely to use a higher total number of medications and have 

abnormal values for body mass index and waist circumference. Subjects were 

least adherent to anti-diabetic agents, but most compliant to angiotensin II 

receptor blockers. Of the eight most commonly used medications, subjects were 

most adherent to simvastatin, but least compliant to niacin. The data suggested 

that adherent individuals adapted a healthier lifestyle to some extent. The cost 

analysis indicated higher healthcare costs among non-adherent subjects, but a 

broader economic evaluation is needed. 

The deficient adherence rate for this population suggests implementation of 

further interventions. This study supports continuing of the wellness program, 

but more extensive evaluation is needed. 
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ÁGRIP 

Mat á heilsueflingarmiðstöð háskóla sem stjórnuð er af 

lyfjafræðingi 

Ekki hefur áður verið lagt mat á heilsueflingarverkefni háskólans í Wingate sem 

stjórnað er af lyfjafræðingi. Rannsóknir hafa sýnt að þörf er á að meta klínísk, 

hagfræðileg, og önnur heilsutengd áhrif af meðferðarheldni ýmissa lyfja á meðal 

sjúklinga með mismunandi sjúkdómsgreiningar.  

Meginmarkmið þessarar afturskyggnu sjúkraskrárrýni var að lýsa 

meðferðarheldni lyfja meðal þátttakenda í heilsueflingunni sem höfðu verið 

greindir með ákveðna langvinna sjúkdóma. Þversniðsrannsókn var framkvæmd 

til að meta meðferðarheldni milli tveggja heimsókna í heilsueflingarmiðstöðina út 

frá lyfjaendurnýjunum fengnum úr lyfjagagnagrunni.  

Undirmarkmið rannsóknarinnar voru að meta breytingar í klínískum, 

hagfræðilegum og hegðunartengdum útkomum milli tveggja heimsókna auk 

þess að setja þær í samhengi við meðferðarheldni. Íhlutunarsnið án 

viðmiðunarhóps var notað til að meta þessar útkomur út frá 

heilsueflingarviðtölum og öðrum skráningargögnum. 

Um það bil helmingur (49.5%) þátttakenda í rannsókninni tóku lyfin sín ekki 

sem skyldi. Ómeðferðarheldnir einstaklingar voru líklegri til að nota fleiri lyf og 

mælast með óeðlileg gildi á líkamsmassastuðli og mittismáli. Þátttakendur voru 

minnst meðferðarheldnir við sykursýkislyf en mest við angíótensín II 

viðtakahindra. Þegar litið er á átta mest notuðu lyfin innan þýðisins var 

meðferðarheldni við simvastatín hæst en lægst við níasín. Gögnin gáfu til kynna 

að meðferðarheldnir þátttakendur höfðu heilbrigðari lífstíl að einhverju marki. 

Kostnaðargreining gaf vísbendingar um hærri heilbrigðiskostnað meðal 

ómeðferðarheldinna einstaklinga, en þörf er á frekara hagfræðilegu mati. 

Ófullnægjandi meðferðarheldni í þessu þýði gefur vísbendingu um þörf á frekari 

íhlutun. Þessi rannsókn ýtir undir áframhaldandi heilsueflingu, en þó er þörf á 

viðameira mati. 
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1. INTRODUCTION 

Some employers and health plans offer wellness programs to improve health 

and lower costs (The Kaiser Family Foundation & Health Research & 

Educational Trust, 2011). Measurement and validation of wellness program 

effectiveness is one of the primary challenges for employers. Returns on 

investment in worksite wellness programs can be assessed by various means, 

e.g. lower rates in prevalence of chronic conditions, reduced direct medical 

cost, performance measures, and decreased absenteeism (Carnethon et al., 

2009).  

Worsening of a disease, hospitalization, death, and increased healthcare 

costs are all consequences of poor adherence to medications (R. Balkrishnan et 

al., 2003; Butler, Davis, Johnson, & Gardner, 2011; P. Michael Ho et al., 2008; 

Lars Osterberg, 2005; Pittman, Chen, Bowlin, & Foody, 2011; Sherman, 2011). 

It is estimated that more than 25% of patients having chronic conditions in the 

USA are non-adherent with their prescribed medications (Thier et al., 2008). 

Assessment of medication adherence is important, e.g. to identify patients for 

intervention and evaluate clinical and economic outcomes related to low 

adherence (Andrade, Kahler, Frech, & Chan, 2006). Studies focusing on 

medication adherence for different medical conditions and medication classes 

have not simultaneously assessed clinical and economic consequences of non-

adherence (Briesacher, Andrade, Fouayzi, & Chan, 2008; Yeaw, Benner, Walt, 

Sian, & Smith, 2009). Studies of interventions to improve medication adherence 

are limited within the literature (Andrade, et al., 2006), and most adherence 

studies have focused on a single disease, making comparisons across studies 

difficult due to the wide variety of methods used to calculate adherence rates 

(Hess, Raebel, Conner, & Malone, 2006).  

The clinical pharmacist should be an important link within the healthcare 

system to improve medication adherence since one if the objectives of the 

pharmacist‗s activity is to maximize the clinical effect of a patient‗s medicines, 

while minimizing the risk of drug related adverse events, and expenditures 
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related to drug treatments (Beney, 2010; Scroccaro, 2000). It is important that 

clinical pharmacy participates in research in order to be a part of new 

knowledge that improves human health and quality of life ("The Definition of 

Clinical Pharmacy," 2008). 

1.1 Health and its conservations 

1.1.1 Major chronic conditions 

According to the World Health Organization (WHO), chronic diseases are 

―diseases of long duration and generally slow progression.‖ (World Health 

Organization, e.d.). Chronic conditions are rather common within populations. In 

the USA they were the reason for 38.7% of all physician ambulatory visits in 

2009, an increase of 2.8% from the year before (Centers for Disease Control 

and Prevention, 2008, 2009). Essential hypertension was the leading primary 

diagnosis group for office visits, with diabetes mellitus, disorders of lipid 

metabolism along with ischaemic and other types of heart disease in the top 

twenty leading primary diagnosis groups (Centers for Disease Control and 

Prevention, 2009).  

Diabetes, cancer, chronic respiratory diseases, heart disease and stroke are 

the most prevalent chronic conditions causing mortality in the world, or 63% of 

all deaths (World Health Organization, e.d.). A study that found a decrease in 

mortality due to coronary heart disease from 1980-2000 suggested that it may 

be attributable to evidence-based medical therapies and reductions in major risk 

factors (Ford et al., 2007).   

1.1.2 Risk factors of chronic conditions 

In the middle of the 20th century, cardiovascular diseases were causing many 

deaths but little was known about their causes (Dawber, 1951). The 

Framingham Heart Study that started in 1948, has increased knowledge and 

understanding of many of the major risk factors for cardiovascular diseases, 

such as cigarette smoking, hypertension, high cholesterol and physical activity 

(Dawber, 1951; "Framingham Heart Study," e.d.). The fact that most risk factors 

are involved in more than one specific disease, means that causes of multiple 
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diseases can be prevented by targeting the risk factors (World Health 

Organization, 2009).  

In 2009, high blood pressure, low physical activity, high blood glucose, 

tobacco use along with overweight and obesity were the world‘s leading risks of 

mortality. All these factors in addition to high cholesterol and alcohol 

consumption along with low fruit and vegetable intake account for 61% of 

cardiovascular deaths globally (World Health Organization, 2009).  

Many risk factors or causes for chronic diseases are modifiable. Lifestyle 

factors, such as physical inactivity, excessive energy intake, unhealthy diet and 

tobacco use are the most important factors (World Health Organization, 2005, 

2009). The modifiable risk factors are expressed through intermediate risk 

factors, such as abnormal blood lipids, raised blood pressure or glucose (World 

Health Organization, 2005), but it has been projected that measurement of 

waist circumference is a reliable test to identify individuals at increased risk for 

type 2 diabetes and cardiovascular diseases (Siren, Eriksson, & Vanhanen, 

2012). 

It has been demonstrated that it is never too late to switch to a healthy 

lifestyle, but middle-aged persons can experience a 35% risk reduction of 

cardiovascular disease events and 40% reduction in all-cause mortality risk in 

only a four year period, by adapting healthy lifestyles (Dana E. King, Mainous Iii, 

& Geesey, 2007). On the other hand, a recent study showed that adherence to 

four healthy lifestyle habits among 40-74 years old people in the USA, 

decreased from 1988 to 2006 (D. E. King, Mainous, Carnemolla, & Everett, 

2009).  

1.1.3 Preventive care 

Interventions can be made to avoid an onset of a disease, identify and modify 

risk factors, or prevent the progression of diseases by discovering them early 

(Fletcher & Fletcher, 2005). When interventions are performed in clinical 

practice it is referred to as preventive care since the activity is supposed to 

prevent adverse outcomes. Four major types of clinical preventive care exist: 
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Behavioral counseling, chemoprevention, immunizations, and screening 

(Fletcher & Fletcher, 2005).  

Behavioral counseling is sometimes referred to as lifestyle changes, since 

clinicians provide such counseling to motivate different types of lifestyle 

changes. Chemoprevention is a growing type of clinical prevention, where 

medications are used to prevent diseases early in life and among adults. Risk 

factors or unrecognized diseases are often identified by screening. That 

includes, e.g. laboratory tests, physical examination and history taking on 

certain factors such as smoking. Preventive care should only be performed on 

conditions threatening health or life. It has been classified in primary, secondary 

and tertiary prevention due to timing of interventions and the progress of a 

disease (Fletcher & Fletcher, 2005).  

One in four deaths in the United States is due to cancer (Siegel, 

Naishadham, & Jemal, 2012). According to the newest United States cancer 

statistics, prostate cancer was the most incident cancer in the USA among 

males and breast cancer among females, while colon and rectum cancer was in 

third place (U.S. Cancer Statistics Working Group, 2012). That pattern is 

estimated to be the same for the year 2012 (Siegel, et al., 2012).  

These three cancers can all be diagnosed early through screening (American 

Cancer Society, 2012b), but data from the 2010 National Health Interview 

Survey (NHIS), conducted in the USA, showed that 72.4% of respondent 

women followed recommendations for breast cancer screening, and 58.6% of 

all participants reported to be up-to-date with colorectal cancer screening 

(Centers for Disease Control and Prevention, 2012). The Prostate, Lung, 

Colorectal and Ovarian (PLCO) Cancer Screening Trial found adherence to 

prostate cancer screenings as high, or more than 89% (Andriole et al., 2005).  

A systematic review showed that interventions for increasing breast, cervical, 

and colorectal cancer screening were e.g. client reminders, provider audit and 

feedback, small media, and one-on-one education (Brouwers et al., 2011). It 

has also been indicated that intervention by community health workers, who are 

individuals trained to serve as liaisons between healthcare providers and 

members of their communities, can improve rates of breast cancer screening 
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among certain populations and settings, such as medical and urban settings 

(Wells et al., 2011).  

1.2 Healthcare costs in the USA 

Healthcare can be paid for in following four ways: Out-of-pocket payment, 

individual private insurance, employment-based group private insurance, and by 

government financing (Bodenheimer & Grumbach, 2009). All healthcare 

systems consist of private and universal coverages, but the structure varies 

across countries. The healthcare system in the USA has focused more on the 

private element, while countries in Europe, e.g., Iceland and the UK, are more 

government financed. This distribution in main payment factors between 

Iceland, the UK, and the USA in 2010 are listed in table 1 (World Health 

Organization, 2012). 

Table:  1 Healthcare financing in two European countries compared to the USA in the 
year 2010, as the percentage of the total health expenditure (THE). 

Type of 

financing 
Iceland The UK The USA 

Private 19 16 47 

Government 81 84 53 

 

Employer sponsored health insurance is very common in the USA (The 

Kaiser Family Foundation & Health Research & Educational Trust, 2011), but 

individual private insurance health plans can be less comprehensive and more 

expensive, where premiums vary by health status and age (The Henry J. Kaiser 

Family Foundation, 2010). Employers offer group health insurance coverage to 

employees and their families, and they usually pay most of their employees‗ 

health insurance premium (Bodenheimer & Grumbach, 2009; The Henry J. 

Kaiser Family Foundation, 2010). The insurance can be self-funded or fully 

insured, where the difference is whether the employer or a health plan assumes 

direct financial responsibility for enrolled employees‗ medical costs. Typically, 

employers with a self-funded plan contract with a third-party to provide services 
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for the plan (The Kaiser Family Foundation & Health Research & Educational 

Trust, 2011). 

According to the global health expenditure database, maintained by WHO, 

total expenditure on health in the USA in the year 2010 ($8,362 per capita) was 

more than twice the amount spent on health per capita in Iceland ($3722 per 

capita) and the UK ($3,503 per capita) (World Health Organization, 2012). 

Healthcare costs have risen at a dramatic rate in the first decade of the 21st 

century in the USA, with 113% increase in premiums from 2001 to 2011 (Hewitt, 

2010; The Kaiser Family Foundation & Health Research & Educational Trust, 

2011). In a 10 year period, 2000 to 2010, the total expenditure on health almost 

doubled (from $4,703 to $8,362  per capita) (World Health Organization, 2012). 

It is projected that total national expenditures in the USA in 2012 are going to be 

2.850 billion dollars and in the year 2019 about 1.6 times higher (U.S. Sensus 

Bureau, 2011). Total expenditures on prescription medications have also been 

growing through the years, but about 84% increase was seen between 1990 

and 2009 (U.S. Census Bureau, 2011).  

1.2.1 Managed care 

Healthcare costs in the USA have not only been rising in recent years, because 

increases during the late 1980s and early 1990s, caused employers to move 

their employees into so-called managed care plans (Fronstin, 2001). There is 

no globally accepted definition of managed care, but it is a production of 

healthcare in the USA where organized and planned method is used, with 

emphasis on preventive care and the objective to deliver good quality of care at 

the lowest cost (McCarthy, 2007). Managed care organizations provide health 

services to groups such as employees at companies, and they use providers 

that offer cost-effective services (McCarthy, 2007). Different types of managed 

care programs exist. Health maintenance organizations (HMOs) and preferred 

provider organizations (PPOs) are prepaid health plans and the most common 

types of managed care programs. In HMOs, the provider usually gets paid for 

his services per month and per patient. Generally, it does not provide coverage 

for out-of-network services which is characteristic for this plan (Fronstin, 2001; 



  

7 

McCarthy, 2007). In the other type of plan, PPO, the MCO makes a contract 

with healthcare providers to offer healthcare benefits, where physicians bear no 

risk (Fronstin, 2001; McCarthy, 2007). According to the Kaiser/HRET survey of 

employer-sponsored health Benefits in 2011, enrollment among covered 

workers was highest in PPOs, followed by HMOs, but lowest in conventional 

(fee for service) plans (The Kaiser Family Foundation & Health Research & 

Educational Trust, 2011).  

Managed care covers medicines as well as medical services. Pharmacy 

Benefit Managers (PBMs) work with third party payers, such as private insurers 

or self-funded employers, to manage consumers‘ drug purchases. They decide 

which drugs are covered and the out-of-pocket amounts paid by the consumer 

and amounts the pharmacy receives when prescriptions are filled (The Health 

Strategies Consultancy LLC, 2005). In 2011, prescription drug benefits were 

part of employer-sponsored plans in 98%, of the covered workforce (The Kaiser 

Family Foundation & Health Research & Educational Trust, 2011).  

1.2.2 Ambulatory care 

In relation to the purpose of managed care, today‘s emphasis in patient care in 

the USA is to offer as much healthcare in the outpatient ambulatory care 

settings (Parker, 2012) with growing emphasis on disease prevention, health 

promotion, and control of chronic conditions such as hypertension, asthma and 

diabetes (Maniscalco-Feichtl & Whalen, 2009). Ambulatory care clinicians, 

including pharmacists, have diverse responsibilities and activities related to 

patient care. They provide preventive health information and education, e.g. 

assist prescribers and patients in choosing appropriate cost-effective 

medication, ensure correct drug indications, keep an eye on and report adverse 

drug reactions, along with improving medication adherence and correct use of 

drugs (Maniscalco-Feichtl & Whalen, 2009; Parker, 2012). Ambulatory care 

practitioners can practice in a wide range of settings, such as academic medical 

centers, community pharmacies or clinics, physician‘s offices, on-site services 

as a part of disease management, and wellness programs provided by 

employers (Maniscalco-Feichtl & Whalen, 2009; Parker, 2012). 
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1.3 Employee wellness programs 

The International Association for Worksite Health Promotion (IAWHP) defines 

worksite health promotion as “a corporate set of strategic and tactical actions 

that seek to optimize worker health and business performance through the 

collective efforts of employees, families, employers, communities, and society-

at-large” (Promotion, 2009). Worksite health promotion programs include 

primary, secondary, and tertiary prevention. Primary prevention focuses on 

employees who are generally healthy and are a good opportunity for workers 

who do not adapt healthy lifestyles and are more likely to develop preventable 

conditions. Health promotion‘s secondary prevention is directed at persons 

already at high risk because of abnormal biometric values (e.g. high blood 

pressure, cholesterol or glucose) or certain lifestyle factors, such as smoking or 

poor diet (R. Z. Goetzel & Ozminkowski, 2008). Tertiary prevention, or disease 

management, is sometimes included in health promotion programs, and often 

promotes better adherence with medications and compliance to evidenced-

based clinical practice guidelines for outpatient treatments (R. Z. Goetzel & 

Ozminkowski, 2008).  

1.3.1 Implementation of wellness programs in the USA and 
worldwide 

Buck Consultants survey, WORKING WELL: A Global Survey of Health 

Promotion and Workplace Wellness Strategies, investigates evolving trends in 

employer-sponsored wellness programs and health promotion. According to the 

2010 survey, almost all participating employers offered at least one health 

program promoting good health of their employees. These strategies are most 

common in North America, but are growing globally. Only 37% of participants 

indicated having measured specific outcomes from their programs. Evaluations 

of these programs are more common for larger employers and most prevalent 

in the USA, Asia and Latin America (Buck Consultans, 2010). In 2011, 65% of 

firms offering health benefits and wellness programs in the USA believed that 

the programs are effective in improving employees‗ health and 53% thought 
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they were effective in reducing healthcare cost (The Kaiser Family Foundation 

& Health Research & Educational Trust, 2011), but 45% of USA employers who 

had measured the efficacy of their wellness programs, reported healthcare cost 

reductions (Buck Consultans, 2010).  

1.3.2 The impact of wellness programs 

Few evaluations of employees wellness programs have been reported (Buck 

Consultans, 2010). At least half of systematic reviews made on the impact of 

worksite wellness programs on financial and health outcomes, showed 

beneficial effects (Osilla et al., 2012). Overall, wellness programs have shown 

the largest improvements among high risk populations (Aldana, Greenlaw, 

Diehl, Englert, & Jackson, 2002; Colkesen et al., 2011; Loeppke, Edington, & 

Beg, 2010). Employees at risk for high biometric laboratory values (R. Z. 

Goetzel et al., 2009) or who have a risk factor for a chronic condition, such as 

overweight and obesity, cause the largest increase in costs for the employer 

(R.Z. Goetzel, 2010).  

Primary and secondary prevention interventions at worksites are common to 

improve employees health and reduce the risk and burden of diseases, mainly 

cardiovascular conditions (Aldana, et al., 2002; Colkesen, et al., 2011; Loeppke, 

et al., 2010). The American Heart Association‘s, Heart at Work, program, used 

by 13,000 companies in the USA, and the Coronary Health Improvement 

Project (CHIP) are good examples. They are worksite wellness programs with 

the goal of reducing cardiovascular diseases (CVD), by focusing on risk factors 

and lifestyle. Video education on health risks and surveys collecting info on 

CVD-related knowledge, self-efficacy, behavior, job satisfaction, and 

absenteeism were performed among employees within a few companies 

(Aldana, et al., 2002; Pegus, Bazzarre, Brown, & Menzin, 2002). The primary 

prevention program, Heart at work, improved significantly knowledge of blood 

pressure management, heart attack risk factors, and nutrition and diet. 

Respondents at the intervention site were also more likely to begin blood 

pressure treatment with medications compared to those at the control site 

(Pegus, et al., 2002). The CHIP program evaluated biometric values (body 
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mass index, blood pressure, glucose, total-cholesterol, triglycerides, along with 

HDL and LDL cholesterol) in addition to a questionnaire on healthy lifestyles. 

Participating employees showed significant and clinically meaningful reductions 

in all health risks measured, except for total-cholesterol-HDL ratio and HDL 

cholesterol (Aldana, et al., 2002).  

Health risk assessments (HRAs) have been widely used as an initial 

intervention of worksite health promotion programs (Baicker, Cutler, & Song, 

2010) to obtain self-reported information on employees‗ health and lifestyle 

along with biometric measurements. Individually tailored health 

recommendations from these factors are then given as a feedback to the 

participant in the program, hoping for some improvements in health behaviors 

or burden of a disease (Colkesen, et al., 2011; Loeppke, et al., 2010). Such 

programs have shown improvements in employees‘ awareness of risk factors 

and initiation of health behavior related changes (Colkesen, et al., 2011; 

Loeppke, et al., 2010). As an example, an evaluation of a health plan, referred 

to as The Prevention PlanTM, on employees‗ health risks after one year of 

primary and secondary prevention interventions showed significant reduction in 

ten of fifteen health risks measured. 

1.4 Clinical pharmacy and pharmaceutical care 

The term „clinical― is defined as something that is associated with or based on 

direct attention to the patient, according to the American College of Clinical 

Pharmacy ("The Definition of Clinical Pharmacy," 2008). Clinical pharmacy is a 

health specialty which describes the services and activities of the clinical 

pharmacist to provide patient care that optimizes medication therapy and 

promotes disease prevention, health and wellness along with appropriate and 

rational use of medicinal products and devices (Beney, 2010; "The Definition of 

Clinical Pharmacy," 2008; Scroccaro, 2000). Clinical pharmacy comprises all 

the services carried out by pharmacists in community pharmacies, hospitals, 

nursing homes, clinics, home-based care services and other settings where 

medicines are used and prescribed (Beney, 2010; Scroccaro, 2000). Clinical 

pharmacists practice both independently and as a part of a healthcare team, 

where they are in collaboration or consultation with other healthcare 
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professionals ("The Definition of Clinical Pharmacy," 2008). They can promote 

correct use of medicines at three different levels; before written prescription, 

during it or after it is released (Beney, 2010; Scroccaro, 2000).  

The terms clinical pharmacy and pharmaceutical care are related in many 

ways. Hepler and Strand came up with the popular definition of pharmaceutical 

care that has been adopted worldwide. It states that: “Pharmaceutical care is 

the responsible provision of drug therapy for the purpose of achieving definite 

outcomes that improve a patient´s quality of life.” The outcomes mentioned in 

the definition refer to cure of a disease, elimination or reduction of the patients‘ 

symptoms, prevention of a disease or symptoms, or arresting or slowing of a 

disease process (Hepler & Strand, 1990). The extent of Pharmaceutical care 

implementation, training and marketing varies between countries (Kheir, Foppe 

van Mil, Shaw, & Sheridan, 2004). A recent study indicated that pharmacists 

across Europe, i.e. Iceland, have much to accomplish in order for the provision 

of pharmaceutical care to be considered as routine practice (Hughes et al., 

2010). The term medicines management is similar in nature to the definition of 

pharmaceutical care, but the National Prescribing and Primary Care Research 

and Developement Centres in England, define it as a system of behaviors and 

processes that decides how patients and the healthcare system use 

medications. Effective medicines management will put the patient in the first 

place, resulting in more targeted care and informed individuals. (National 

Prescribing Centre & National Primary Care Research and Development 

Centre, 2002). The meaning of management in this case is not only to improve 

patient health, care and satisfaction. Increasingly, the focus is on decreasing 

cost, drug wastes along with effective clinical governance, better use of 

professional skills and maximization of the effective use of available resources. 

(Barber, 2001; National Prescribing Centre & National Primary Care Research 

and Development Centre, 2002).  

1.5 Drug related problems 

Medications are commonly used all around the world. In the years 2007 to 

2008, about half (48%) of the U.S. population used one or more prescription 

drugs. Treatment increased with age, where about 88% of people 60 years or 
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older used prescription drugs (Gu, Dillon, & Burt, 2010). Despite the high 

potential benefit of medications, they can also cause severe problems for the 

users. The definition of a drug-related problem (DRP) in 1990, by Strand et al., 

and the modern definition by The Pharmaceutical Care Network Europe 

Foundation, are similar in nature. They indicate that a DRP is an undesirable 

circumstance or event involving a drug, which potentially or actually interferes 

with desired patient outcomes (Pharmaceutical Care Network Europe 

Foundation, 2010; Strand, 1990). DRPs include both problems which have 

already clinical outcomes or therapy failure, and problems which are not 

manifest but if left unresolved they can lead to harm to the patient (Viktil & Blix, 

2008).  

Medication-related visits to emergency departments have been studied. An 

observation conducted in Canada of adults coming to an emergency 

department over a twelve week period, showed that 122 (12%) of 1017 visits 

were identified as drug-related (Zed et al., 2008) showing similar results for the 

elderly in North-India, or 83 (14.4%) of 578 emergency admissions studied (S. 

Malhotra, R. S. Karan, P. Pandhi, & S. Jain, 2001). The literature shows that 

about 70% of drug-related emergency visits are preventable. The most common 

reasons for these admissions are adverse drug reactions and non-adherence to 

medications (P. Patel & Zed, 2002; Zed, et al., 2008). In Canada, adverse drug 

reactions in adults accounted for 39% of drug-related visits but 28% were due to 

non-adherence (Zed, et al., 2008). The prevalence of non-adherence appeared 

slightly higher percentage for the elderly population in North-India (S Malhotra, 

R S Karan, P Pandhi, & S Jain, 2001). The drug classes often implicated in 

these visits are e.g. anti-diabetic and cardiovascular drugs (P. Patel & Zed, 

2002), but it was found that more than half (51%) of preventable drug-related 

hospital admissions involve either diuretics, anti-platelets, NSAIDs, or 

anticoagulants (Howard et al., 2007).  

1.5.1 Medication adherence 

Adherence, or compliance, to medications focuses on to what extent patients 

take their drugs as prescribed (Lars Osterberg, 2005). Adherence rates are 
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commonly higher for those with acute diseases compared to chronic conditions, 

but there is no golden standard for a good adherence (Lars Osterberg, 2005). 

Most studies assessing medication adherence in individuals with chronic 

conditions, assume persons adherent if they take their medications as 

prescribed 80% of the time or more (P. Michael Ho, et al., 2008; Pittman, et al., 

2011; Wiegand, McCombs, & Wang, 2012; Wong, Jiang, & Griffiths, 2011; 

Zhang, Zhao, Davies, Radican, & Seck, 2011).  

Most often single doses help improving adherence and maximizing it (Lars 

Osterberg, 2005). A large review of 76 trials made by Claxton and colleagues 

found that adherence is inversely proportional to the frequency of dosing 

(Claxton, Cramer, & Pierce, 2001) and it has been detected for the population of 

patients with cardiovascular diseases in the United States as well (Bae et al., 

2012). The impact of poly-pharmacy on medication adherence among randomly 

selected patients with type 2 diabetes was not observed (Grant, Devita, Singer, 

& Meigs, 2003), but it has been detected in an elderly population (Gellad, 

Grenard, & Marcum, 2011).  

Common barriers to good adherence are under the patient‗s control. 

According to results from a questionnaire, typical reasons for patients‘ poor 

adherence included forgetfulness, a decision to omit doses, other priorities, 

emotional factors, or lack of information(Lars Osterberg, 2005). Physicians and 

the healthcare system can also lead to poor adherence with their action. 

Physicians often prescribe complex regimens along with no explanations on 

possible adverse events, benefit of the drug therapy and the cost of 

medications, while healthcare systems limit access to healthcare and switch to 

a different formulary (Lars Osterberg, 2005). A recent study evaluating the 

effect of a physician-variation on medication adherence among diabetic patients 

found out that the impact of clinicans on patients‗ adherence to chronic 

medications are of great importance (Sherman, 2011).  

Adherence can be measured both directly or by means of indirect ways but 

none of the methods should be considered as a golden standard (Fairman & 

Motheral, 2000; Lars Osterberg, 2005). It depends on the type of intervention 

being assessed, available data sources along with ethical and legal 
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considerations related to the patient, although indirect methods are most 

commonly used (Fairman & Motheral, 2000). Measurement of blood or urine 

concentration of a drug is an example of direct observation of adherence, while 

questionnaires, pill counting, or rates of prescription refills are indirect measures 

(Lars Osterberg, 2005). 

1.5.1.1 Measuring adherence using prescription refills 

Automated pharmacy databases are relatively accessible and an inexpensive 

choice to evaluate medication adherence. All assessment of medication 

adherence using pharmacy dispensing data rely on identifying prescription 

refills and are therefore, especially suitable for evaluation on treatment for 

chronic conditions and long-term therapy (Andrade, et al., 2006; Fairman & 

Motheral, 2000). Medication adherence can be evaluated from prescription 

claims data by different methods, e.g. length of therapy, persistence, days of 

coverage, gaps and medication possession ratio (MPR) (Fairman & Motheral, 

2000), but a large proportion of studies in the literature reported a measure of 

medication availability by using days of supply obtained during specific time or 

refill intervals period (Andrade, et al., 2006). Recent studies conducted in 

different countries, evaluating medication adherence to treatments for different 

chronic conditions, have used pharmacy claims data. Two methods, proportion 

of days covered (PDC) and MPR, were most commonly used in these studies 

(R. Balkrishnan, et al., 2003; Rajesh Balkrishnan et al., 2003; Briesacher, et al., 

2008; Corrao et al., 2011; P. Michael Ho, et al., 2008; Pittman, et al., 2011; 

Wiegand, et al., 2012; Wong, et al., 2011; Zhang, et al., 2011).  

The commonly used method, MPR, is calculated for each medication (active 

ingredient) seperately. It is a standard method to measure adherence to chronic 

medications (National Quality Forum, 2010). The MPR is defined as the ratio of 

total days supplied for any medication in a drug class, excluding the days‗ 

supply for the last prescription refill, to total days in a period of time (Halpern et 

al., 2006; National Quality Forum, 2010). The following two definitions have 

been mainly described within studies using automated databases (Andrade, et 

al., 2006): 
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Evaluation of MPR requires patients to receive at least two prescriptions of a 

medication in a given period to have a time frame during therapy (Halpern, et 

al., 2006). An MPR of 1.0 (100%) indicates full adherence with therapy, but if 

number of days supplied are greater than number of days in the period (MPR > 

1.0), the MPR should be truncated to 1.0, because it is unlikely that patients use 

medications for chronic conditions to greater extent than prescribed (Halpern, et 

al., 2006; National Quality Forum, 2010).  

The main limitation to MPR calculations is the assumption that patients take 

their medications as prescribed even though they fill the prescriptions at regular 

intervals (Halpern, et al., 2006). It has been shown that adherence which is 

assessed by using prescription refills is more reflective of the number of doses 

consumed than whether patients are taking doses at the right time (Choo et al., 

1999). One of the limitations of the MPR measurement is that patients may 

obtain medications from sources not included in the available data. 

Nevertheless, MPR is the accepted standard for the evaluation of medication 

adherence, using retrospective data (Halpern, et al., 2006). 

1.5.1.2 The link between non-adherence, chronic conditions, and drug classes 

Retrospective database studies evaluating adherence and persistence focus 

mostly on cardiovascular diseases and diabetes (Andrade, et al., 2006). A 

comparison of medication adherence was performed among about 700,000 

privately insured adult patients within 45 large employers and public 

organizations in the USA with type 2 diabetes, hyperlipidemia, and hypertension 

and an incident use of medication therapy for their conditions. It showed that 

27.7% of hypertensive patients had adherence rates of less than 80% during 

the first year of drug therapy, compared to 34.6% of diabetes patients, and 
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45.7% of patients with hyperlipidemia (Briesacher, et al., 2008). Another study 

also detected low adherence rates among lipid lowering agents (65% of patients 

with a PDC less than 80%) dispensed in the first year following the index date 

(Wiegand, et al., 2012).  

Overall, it seems that patients with these chronic conditions are rather non-

adherent to their medications (Briesacher, et al., 2008; P. M. Ho et al., 2006; 

Pittman, et al., 2011; Wiegand, et al., 2012; Yeaw, et al., 2009; Zhang, et al., 

2011). Recent researches have shown that these patients tends to be more 

non-adherent to lipid-lowering drugs, especially statins (Briesacher, et al., 2008; 

Pittman, et al., 2011; Wiegand, et al., 2012; Yeaw, et al., 2009; Zhang, et al., 

2011), compared to anti-diabetic (Briesacher, et al., 2008; Yeaw, et al., 2009; 

Zhang, et al., 2011) and antihypertensive agents (Briesacher, et al., 2008; P. 

Michael Ho, et al., 2008; Vegter et al., 2011). Another study, assessing 

adherence and persistence among six commonly used chronic medication 

classes, in a large heterogenous population of members enrolled in different 

health plans in the USA, showed the same pattern in non-adherence among 

statins (39% [n =94,700]), and oral anti-diabetic drugs (28% [n = 22,031]), but 

not for angiotensin receptor blockers, or ARBs (34% [n = 29,876]) (Yeaw, et al., 

2009).  

These studies have also shown improvement in compliance with age 

(Briesacher, et al., 2008; P. M. Ho, et al., 2006; Pittman, et al., 2011; Vegter, et 

al., 2011; Wiegand, et al., 2012; Yeaw, et al., 2009) and males seem to be more 

adherent than females (Pittman, et al., 2011; Wiegand, et al., 2012). A positive 

relationship of medication adherence and number of comorbid conditions has 

also been indicated in many of these studies (Briesacher, et al., 2008; P. M. Ho, 

et al., 2006; Vegter, et al., 2011), although the opposite has also been detected 

(Wiegand, et al., 2012). Add on drug therapies or a history of trying other drugs 

for chronic conditions increased adherence among subjects with hypertension, 

and type 2 diabetes, but not hyperlipidemia (Briesacher, et al., 2008).  
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1.5.1.3 Non-adherence leads to poor outcomes 

Retrospective studies have shown an association between non-adherence and 

higher biometric values among diabetic patients (P. M. Ho, et al., 2006) and 

others receiving lipid-lowering therapy (Wiegand, et al., 2012). Non-adherence 

to beta-blockers, ACE inhibitors, and statins was significantly associated with 

increased all-cause mortality risk and higher risk of cardiovascular mortality in 

patients with coronary artery disease (P. Michael Ho, et al., 2008). A 

prospective cohort study of more than 200,000 adult patients in Italy, who were 

newly treated for hypertension but were without a history of a cardiovascular 

disease showed during an average follow-up of 6 years that 5% of subjects 

experienced a hospitalization for coronary or cerebrovascular disease. 

Persistent patients had a 37% reduction in risk compared with discontinuers, 

and those with intermediate and high adherence level had reduction of 20% and 

25% of the risk, compared to patients with a very low adherence level. This 

study shows that in clinical practice initial antihypertensive drug treatment is 

frequently abandoned, but adequate adherence to these medications is 

effective in the primary prevention of cardiovascular outcomes (Corrao, et al., 

2011). 

1.5.1.4 Non-adherence and healthcare costs 

It has been estimated in the UK that about 100 million pounds sterling each 

year is wasted on medications which are returned to pharmacies, and that is 

apart from the prescribed medicines not consumed (Cushing, 2007). 

Suboptimal adherence in the USA is associated with additional direct and 

indirect cost of as much as $290 billion ever year (Sherman, 2011).  

A retrospective cohort observation of 137,277 adult patients enrolled in 

employer sponsored plans showed that high levels of medication adherence 

were associated with lower disease-related medical costs for diabetes and 

hyperlipidemia. For both of these conditions, total healthcare costs tended to 

decrease at high level of medication adherence, despite of increased 

prescription costs. Medical costs for hypertension tended to be lowest at 

adherence more than 80% (Sokol, McGuigan, Verbrugge, & Epstein, 2005). 

Another study, also showed that an adjusted all-cause medical and total 
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healthcare costs were lowest for adherent (MPR = 80-100%) subjects using 

statin medications, even though prescription costs increased with improved 

adherence (Pittman, et al., 2011). 

1.6 Pharmacist’s impact on various outcomes 

Medication adherence programs have been implemented for patients using 

medications indicated for chronic conditions and the core of many disease 

management programs are behavioral and educational strategies to enhance 

medication adherence (Fairman & Motheral, 2000).  

A systematic review included studies of interventions designed to improve 

adherence with antihypertensive or lipid-lowering medications, from 1972 to 

2002. Sixty two studies describing 79 interventions showed that 56% of 

interventions improved patient adherence. The most effective interventions 

were personalized, patient-focused programs that involved frequent contact with 

health professionals but a combination of interventions were the most effective 

at improving adherence. Examples of interventions detected, were fixed-dose 

combination drugs, once-daily or once-weekly dosing schedules, case 

management by pharmacists, treatment in pharmacist- or nurse-operated 

disease management clinics or self-monitoring (Petrilla, Benner, Battleman, 

Tierce, & Hazard, 2005). A systematic review of 37 trials studying interventions 

to enhance medication adherence in chronic medical conditions, showed that 

adherence increased most consistently with behavioral interventions that 

reduced dosing demands and interventions involving monitoring and feedback 

(Kripalani, Yao, & Haynes, 2007).  

Studies, such as the Diabetes Ten City Challenge, have been conducted to 

evaluate clinical, economic and/or humanistic outcomes for the first year 

following an initiation of a multisite pharmaceutical care services program for 

patients with diabetes, indicating improvement in all outcomes observed (B. M.  

Bluml, Ellis, & Fera, 2009; Garrett & Bluml, 2005). The impact of clinical 

pharmacists in the ambulatory care setting has been well documented, with the 

Asheville Project. It is a pharmacist-directed and a medication therapy 

management (MTM) program with the objective to provide personal oversight 
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and education for employees with chronic conditions such as diabetes, 

hypertension and hyperlipidemia. The programs for these conditions detected 

clinically meaningful progress in clinical outcomes, such as HbA1c 

concentrations, blood pressure, mean LDL, total cholesterol, and serum 

triglycerides. Diabetes patients at higher risk were most likely to experience 

improvements in clinical factors following a pharmaceutical care service. 

Adherence was estimated by asking participants questions regarding their 

diabetes care before and after the program, resulting in increased adherence 

rates. Economic outcomes improved with overall decrease in direct medical 

costs for third party payers for all the chronic conditions. Although the 

medication use increased nearly threefold, it did not have any impact on the 

decrease in total healthcare cost (Bunting & Cranor, 2006; Bunting, Cranor, & 

Christensen, 2003; Bunting, Smith, & Sutherland, 2008).  

A study showed that the extent of pharmacist based programs does not 

necessarily matter. It found that patients who started a statin therapy 

demonstrated greater adherence and persistence rates than a comparison 

group after a brief face-to-face counseling with a community pharmacist (Taitel, 

Jiang, Rudkin, Ewing, & Duncan, 2012). Pharmacists‗ positive impact on 

medication adherence has been detected among heart failure patients (Bouvy 

et al., 2003) and those receiving antihypertensive agents as well. A randomized 

controlled trial of evaluation of pharmaceutical care program in secondary care 

hypertension/dyslipidemia outpatient clinic in Portugal, on antihypertensive 

medication adherence and blood pressure control showed that a pharmacist‘s 

intervention can improve medication adherence and modify factors affecting it in 

addition to improving blood pressure levels in patients receiving 

antihypertensive agents for their condition (Morgado, Rolo, & Castelo-Branco, 

2011).  

A study showed that a small portion of physicians communicated regularly 

with community pharmacists about adherence problems even though they 

believed it would improve medication adherence (Laubscher, Evans, Blackburn, 

Taylor, & McKay, 2009). It is important to discuss this with physicians because 

the collaboration of pharmacists and other healthcare professionals has 
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appeared to be beneficial (Rothman et al., 2005). One study of a program in the 

USA, referred to as Project ImPACT, found that patients with hyperlipidemia 

receiving pharmaceutical care from a pharmacist in cooperation with physicians 

can make significant short-term improvements in compliance, persistence, and 

lipid levels (B. M. Bluml, Cziraky, & McKenney, 2000). Another study detected 

the benefit of physician and pharmacist cooperation on benefits of cholesterol 

risk management in patients of high risk for cardiovascular events (Tsuyuki et 

al., 2002).  Their collaboration has also shown an improvement in blood 

pressure control by changes in medication therapy and improving adherence 

(Carter et al., 2008). Despite the large benefit of the cooperation of physicians 

and pharmacists on many patients with chronic conditions and at high risk for 

them, the TEAM study performed in Canada, showed that an ambulatory 

primary care management program does not necessary have any impact on 

dyslipidemia patients at low-risk (Villeneuve et al., 2010). Patients receiving 

lipid-lowering therapy in the U.S. who visited physicians more often had a 

significantly decreased risk of non-adherence (Wiegand, et al., 2012).  

1.7 Evaluation of the pharmacist-directed wellness clinic at 
Wingate University 

Wingate University is a private comprehensive university in North Carolina, 

USA. It offers its employees and their spouses participation in a self-insured 

medical plan. In response to escalating healthcare costs in the first decade of 

the 21st century in the USA, Wingate established a university-based wellness 

clinic in the year 2005 as a means of controlling overall healthcare costs 

associated with the self-insured program. The wellness clinic has provided 

many benefits from other pharmacists‘ interventions to certain groups of 

patients. Each participant in the health plan was offered a voluntary annual 

screening that included a lipoprotein analysis (i.e. total cholesterol, HDL 

cholesterol, LDL cholesterol and triglyceride), blood glucose concentration, 

blood pressure, height, weight, waist circumference, in addition to a general 

health assessment (Pegram & Cole, 2011). 

During the first four years of the program, enrollment ranged from 30% to 

35%. Low participation rates, limited clinic hours, high turnover rate for clinic 
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personnel, and small incentive for participation, which was a 10-dollar discount 

in healthcare premiums per month, were believed to be the reasons for low 

participation rates. These reasons are in line with a study, which found out that 

the top three barriers to participation in a worksite wellness program were lack 

of incentives, location, and time (Person, 2010). Financial incentives are offered 

by firms to encourage participation in a wellness program (The Kaiser Family 

Foundation & Health Research & Educational Trust, 2011), because if health 

management programs are going to succeed in improving people‘s risks for 

various risk factors, the participation rate from employees must be high 

(Loeppke, et al., 2010). That was one of Wingate‘s solution to the problem, 

since in the year 2009, the Committee on Health Benefits for the University 

strongly encouraged screening for all employees and spouses who were 

covered under the health insurance benefit. While still voluntary, a significant 

discount (70% paid by Wingate) in monthly healthcare premiums was offered as 

an incentive to increase participation. Failure to attend a wellness screening 

would result in a reversal of the percentages paid by Wingate and participants. 

While saving employees and their spouses in premium healthcare costs 

annually, it is not known if the overall healthcare expenditures are decreased as 

a result of the program (Pegram & Cole, 2011).  

Employees and spouses covered under the self-insured medical plan that 

had at least their blood glucose and lipid panel measured at a physician‘s office 

in the six months prior to their wellness visit appointment had the opportunity to 

skip their wellness visit. If patient‘s opt for documentation from a physician‘s 

visit to fulfill the requirement, no intervention and consultation can be made from 

the pharmacist performing wellness screenings (Pegram & Cole, 2011) . 

Angela Pegram, the director of wellness clinic and assistant professor of 

Pharmacy at Wingate University, was in charge of all wellness screenings 

studied in this project. She is a pharmacist and a certified diabetes educator, 

but the clinic actually started as a diabetes self-management program for the 

Union County and City of Monroe employees. The Wellness clinic was added a 

few months later when the University wanted to explore a Wellness option for 

employees, and it was decided that the existing diabetes clinic should take on 
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the wellness program of the University. From August 2009 to October 2010 she 

completed screenings and necessary follow up for abnormal results for all 

participants in the health plan. The same applied for the 2011 wellness visit, the 

second year of the required screening program (Pegram & Cole, 2011).  

The wellness program at Wingate University have never been evaluated 

before, but an interest was present within this academic institution to get a 

glimpse of the need of continued wellness program, possible beneficial effects, 

and if an extensive evaluation should be convened. Limited evaluation on 

worksite wellness programs, has given stakeholders at Wingate University 

limited idea of health and financial related benefit of preventive and wellness 

programs. All the studies and facts which have been discussed above, along 

with limited evaluations of pharmacist‘s directed wellness programs, especially 

within the university area, encouraged the need and the necessity to evaluate 

clinical and economic impacts of Wingate‘s program. The literature also 

supports the need for evaluations of medication adherence in relation to other 

factors which are a part of the program, e.g. economics, clinical outcomes, 

lifestyle, and compliance to recommended cancer screenings. Analyzes of the 

relation between medication adherence and these factors is not commonly seen 

within the literature but would be beneficial addition to present adherence 

studies. 
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2. OBJECTIVES 

A retrospective chart review and a quality assurance project were conducted to 

evaluate pharmacist-directed wellness clinic located at Wingate University‘s 

campus.  

Primary objective: 

 Describe medication adherence to prescription therapy for participants in 

the wellness program associated with Wingate University‗s self-insured 

health plan, who had been diagnosed with diabetes, heart disease, 

hyperlipidemia, and/or hypertension. 

Secondary objectives: 

 Assess changes between two wellness visits in the following clinical 

indicators: Blood glucose concentrations, blood pressure, body mass 

index, lipoprotein analysis components, and waist circumference; and 

relate these to medication adherence. 

 Assess the association between medication adherence and general 

wellness and lifestyle seeking behavior, between the two wellness visits. 

 Assess changes between the two wellness visits in the following 

economic outcomes: Medical costs, prescription costs and total health 

care costs; and relate these to medication adherence. 

 

2.1 Research questions 

Primary research questions: 

1. How adherent are participants in the wellness program to prescription 

therapies which are indicated for the four target disease groups? 

2. Are age, gender, race and number of these target medications 

associated with medication adherence to prescription therapy? 

3. Which types of target medications are participants using and is there 

variation in adherence to different medications? 
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4. Is there a difference in medication adherence between the target disease 

groups or by the number of diagnoses? 

Secondary research questions: 

1. Do participants show some improvement in clinical indicators (Blood 

glucose concentrations, blood pressure, body mass index, lipoprotein 

analysis components, and waist circumference) between the two 

wellness visits and is there a relation between abnormal values and 

medication adherence? 

2. Is there an association between general wellness seeking behavior 

(attendance to physician visits and three cancer screenings) and 

medication adherence; and do participants show some improvements 

between wellness visits? 

3. Is there an association between self-reported lifestyle behavior and 

medication adherence and do participants adapt changes in lifestyle 

between wellness visits? 

4. Do economic outcomes change between the two wellness visits and by 

medication adherence? 

a) How much are the direct medical healthcare costs (medical costs, 

prescription costs and total health care costs)? 

b) Is there an association between non-adherence and higher costs? 

c) Is the number of target diagnoses associated with total health care 

costs? 
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3. METHODS 

 

The study was performed over three months period, from January 9th to April 5th 

2012, at Wingate University, School of Pharmacy, and the Wellness Clinic 

located on its campus. Overview of the study process is showed in figure 1.  

 

Figure:  1 Study process. 

3.1 Study approval 

An application for the study was sent to Wingate University‗s Research Review 

Board, for ethical approval. The application was exempted from review by the 

board because it is a retrospective chart review with minimal risk to study‘s 

subjects and no indication of their names in results. The approved form of the 

application, an e-mail response explaining the board‘s decision of its exemption 

for review, along with restrictions made for this study can be seen in appendix 

A.  
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3.2 Study design 

This retrospective chart review and quality assurance project was divided into 

two parts, medication adherence evaluation (part I) and a comparison of various 

factors related to medication adherence between a baseline wellness visit in the 

academic year 2009 to 2010, and a follow-up visit in the calendar year 2011 

(part II). The time between these two wellness visits will be referred to as a 

study period. It was rounded to the next whole number of months below or 

above, with 14 days as a reference.   

Available data called for two descriptive study designs, one for each part of 

the study. Cross-sectional analysis was conducted to evaluate medication 

adherence to prescription therapy between the two wellness visits. A quasi-

experimental design, One-Group Pretest-Posttest design without controls, was 

used to assess a difference between the two wellness visits in relation to 

medication adherence for biometric test results, general wellness and lifestyle 

seeking behavior, and economic outcomes. 

3.3 Study population 

 

The study sample was drawn from all participants in the wellness program 

associated with Wingate University‘s self-insured health plan based on criteria 

listed in table 2. 
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Table:  2 The inclusion and exclusion criteria in the study. 

Inclusion criteria Exclusion criteria 

Active participants in Wingate‘s self-

insured program during the study 

period 

Not active in the self-insured program 

some time during the study period 

A wellness visit in the academic year 

2009-2010, or all requirements fulfilled 

(baseline visit) 

Only one wellness visit during the 

study period 

A wellness visit in the calendar year 

2011, or all requirements fulfilled 

(follow-up visit) 

Participants having wellness visits 

prior to the year 2009 

Diagnosis of diabetes, heart disease, 

hyperlipidemia and/or hypertension 

(target disease groups) at either or 

both wellness visits 

Participants starting the wellness 

program in the years 2011 and 2012. 

At least one medication with at least 

two prescription refills indicated for one 

or more of the target disease groups at 

baseline (target drugs) 

No diagnosis of a target disease group 

at either visit. 

 No target medication at baseline visit 

 
Target medications with only one refill 

during the study period 

 
Target medications with frequent dose 

changes 

 
Prescriptions on other than 

medications (e.g. needles and lancets) 

 

A list of all participants who had a wellness visit or met the program‘s 

requirements during the calendar year 2011 (follow-up visit), was the sample 

frame of the study. Subjects‘ medical charts, located in the wellness clinic, were 

assessed to see if patients had a baseline visit in the academic year 2009-2010.  
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Inclusion criteria covered subjects having one or more of the following four 

disease groups: Diabetes, heart disease, high cholesterol, and hypertension, at 

both or either visits. They will be referred to as target diseases, diagnoses, or 

disease groups in this study. This criterion was set due to their high prevalence 

in the USA and worldwide, the potential of preventing further complications or 

regression of these chronic conditions, along with the importance of medication 

adherence for these patients. The diagnoses were assigned according to 

subjects‘ self-report at wellness visits and when available, diagnoses reported 

by physicians to the insurance company. 

Medications requiring frequent dose changes were excluded from evaluation 

of medication adherence, since they might bias the overall results for the study 

population.   

3.4 Data collection 

Data collection was performed over a four week period, from March 2nd to 

March 29th. 

A data collection form was designed to elicit all necessary data in the chart 

review. A series of changes were made to the form to clarify content, 

organization, and wording. It was tested with three subjects before finalizing the 

form. Minor edits were made at the beginning of the data collection period, 

which did not compromise the integrity of the process. 

The data collection form was in paper format and consisted of eight sections, 

which described subjects‘ demographics and study periods, lifestyle, self-

reported number of medications and food supplements, general wellness 

seeking behavior, screening results of definite clinical indicators, target and 

other diseases, medication adherence from prescription refills, and economic 

data. On the back of the form was a space for comments. The final version of 

the data collection form can be seen in appendix B. 
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3.4.1 Data sources 

Data was only collected electronically in the first part of this study, but paper 

forms were also used in part II. The sources were various and different in 

nature, but are described below and listed in table 3, along with variables 

collected from each source of data.  

The managed care database, Healthgram, is an automated database used 

by insurance companies, managed care organizations, directors of preventive 

programs, and/or patients to remotely coordinate care and support on-site 

medical clinics (Primary PhysicianCare, 2010). All existing data in the database 

comes from the Wellness Clinic or other services subjects use through their 

self-insurance. Data was not always available for all factors, since information 

had not been entered appropriately or was missing.  

The database was used in both parts of the study. Medication list of 

prescription refills paid through patients‘ health insurance coverage, including 

drug name, quantity, days of supply and filling date, was used as the source in 

evaluation of medication adherence. Healthgram was used to validate self-

reported or other secondary data on following factors, when available: 

 

 Laboratory results  

 Vaccines and screenings (annual physical and cancer screenings)  

 Vitals (weight, height, body mass index, blood pressure and waist 

circumference) 

 Diagnoses for five disease groups (i.e. asthma, diabetes, heart disease, 

hyperlipidemia and hypertension) 

 Medical Claims 

 

Economic data was obtained from Healthgram as well, but the insurance 

company and the managed care organization serving Wingate University for its 

health plan were the only two that had access to it. Therefore, the insurance 

company sent summarized information on medical, prescription, and total 

healthcare costs for every participant in the wellness program. 
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Health Risk Assessment (HRA) is a single-page paper form, which the 

insurance company, serving Wingate University with its self-insured plan, 

requires to be filled out for participants in the health plan during the annual 

wellness visit. It consists primarily of demographics, past and current personal 

medical history, certain key screenings, lifestyle and overall health factors, 

health effects on patient‘s work, and screening results of biometric tests from 

the clinic. The HRA form is a part of the program so the managed care 

organization serving the insurance company can keep track of the population‘s 

health status and make health-risk assessments for the wellness program. Most 

of this information is transferred to Healthgram. A sample of the HRA form can 

be seen in appendix C. 

The wellness screening form is the pharmacist‘s registration tool during the 

wellness visit. It contains information on basic demographics, screening results 

for clinical indicators measured, lifestyle (diet, exercise, sleep and smoking), 

family and personal medical history, allergies, current medications (prescription 

drugs, OTC drugs) and food supplements (herbal and vitamins), along with 

certain key screenings (physician‘s visits, dentistry, eye exam, vaccines, and 

cancer screenings).  

The construct and arrangement of the 2009 to 2010 wellness screening form 

varied slightly from the 2011 form. Eight ordinal variables with five response 

choices each were used as an assessment of diet in the academic year 2009-

2010, but the latter form included a question about well-rounded meals with a 

dichotomous response choice. Another difference between years was the time 

frame for physician visits. The 2009-2010 wellness screening form asked if 

people had visited physician in the past year, while the 2011 form asked about 

attendance in the past three years. The latter was used in data collection of this 

study.  

If patients did not come for a wellness visit due to available screening results 

from a physician‗s office, no wellness screening forms existed. The wellness 

screening forms for both baseline and follow-up visits can be seen in appendix 

C. 
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Lexi-Comp Online and Micromedex 2.0 are authorized drug information 

databases. They were used in the evaluation of medication adherence to 

identify target drugs from all other medications subjects were using and to 

categorize medications as food supplements, prescription drugs or OTC 

medications.  

Some patients brought written or printed medication lists to the wellness 

visits. In that case, they were copied to the wellness screening form. They were 

preferred as a reference of self-reported medications and food supplements. 

National Preferred Formulary: Express Scripts for the United States is a list of 

the most commonly prescribed medications in the country, and is the core of 

drugs that are covered by the health insurance. The pharmacy benefit 

management company for Wingate University‘s insurance plan publishes the 

formulary yearly. The 2009, 2010, and 2011 versions were thought helpful in the 

identification of target drugs so a list of applicable medications from it was made 

and used in this study along with the drug information databases. These forms 

can be seen in appendix C. 
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Table:  3 All sources (databases and paper forms) used in data collection and the 
variables collected from each source. 

Source Variables collected 

Databases 

Healthgram (managed care database) 

Age, gender, screening results, 

general wellness, newest information 

on diagnoses, medication adherence 

Paper forms 

Wellness Screening form 

Age, gender, screening dates and self-

reported information on lifestyle, 

general wellness, target and other 

diseases, medications and screening 

results 

Health risk assessment (HRA) 

application 

Gender, race, screening dates if 

wellness screening forms were not 

available, target and other diseases, 

general wellness (except 

osteoporosis), exercise, smoking, 

sleep, screening results 

Data from physician office or the 

university‘s health facility 
Screening results 

 

3.5 Part I: Adherence to prescription therapy 

Medication adherence was assessed as prescription refills from pharmacy 

claims according to Healthgram. The criterion for medication adherence was set 

at baseline to make sure subjects were using one or more target medications at 

the primary visit with the pharmacist. All prescription refills belonging to 

subjects‘ study periods were imported from the medication list in Healthgram to 

an excel spreadsheet. Those refilled at the same date as wellness visits were 

included. Lexi-Comp Online and Micromedex 2.0, were used to obtain 

information such as brand and generic drug names, pharmacologic categories, 
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along with labeled and off-labeled indications. Every medication from a subject‘s 

medication list was marked as a target drug, if it had a labeled or off-labeled 

indication for one or more of the target disease groups, and fulfilled the criterion 

made for assessment on medication adherence. Target medications with only 

one refill in the study period and new target drugs started after baseline visit, 

along with other than target medications, were especially marked as well. Dose, 

strength, and pharmaceutical form of a drug were not recorded.  

3.5.1 Operationalization of medication adherence 

If at least one target medication with at least two refills was present at baseline, 

and in the study period, a Medication Possession Ratio (MPR) was calculated 

as a measure of medication adherence. Random checks were made on the 

days‘ recorded with the quantity of the prescriptions, in order to ensure a 

reasonable fit with the method used for adherence assessment. In this project 

the time between baseline and follow-up visit was the observation period. The 

MPR was estimated as the total number of day supplies of a medication refilled 

during the observation period, divided by number of days in that period. MPR 

values higher than 100% were truncated to 100%, before calculations on mean 

or median MPR. An example of MPR calculations for one subject can be seen 

in appendix D. 

Adherence to a target medication was defined as MPR ≥ 80%, so subjects 

were non-adherent if they had a target medication with a MPR < 80%. To be 

categorized as adherent, subjects needed to have all target medications of 

MPR higher than 80%. 

3.5.2 Recoding of variables 

The multichotomous variables age, race, and number of target medications 

were made dichotomous before data analysis due to uneven distribution of 

subjects within categories (table 4). 
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Table:  4 Recoding of the ordinal variables age and number of target medication and the 
nominal variable race into dichotomous variables. 

Variable Multichotomous Dichotomous 

Age (years) 
20-29, 30-39, 40-49, 50-

59, 60+ 
20-59 and 60+ 

Race 

Caucasian, African-

American, Hispanic, 

Other 

Caucasians and all 

others 

Number of target drugs 1, 2, 3, 4, 5, 6, 7 1 and 2+ 

 

Target medications were classified in pharmacologic categories according to 

the drug database Lexi-Comp Online. 

3.6 Part II: Comparisons between the two wellness visits in 
relation to medication adherence 

Clinical, wellness seeking, lifestyle, and economic factors were examined at the 

two wellness visits and in relation to subjects‘ adherence to target medications 

between baseline and follow-up visit. 

3.6.1 Clinical indicators 

Screening measurements on height, weight, blood pressure and blood work 

(blood glucose and lipoprotein analysis), were measured at wellness visits, the 

university‘s health facility or physician‘s office. Body mass index (BMI) was 

calculated from data on height and weight. Printed and/or written screening 

results were used as data in this project. If printed copies of screening results 

from physician‘s office, university‘s health facility, or wellness clinic were 

available, they were preferred as the main source of data for screening 

measurements, instead of handwritten results. Abnormal results were defined 

as all observations that were outside an ideal value range according to 

authorized standards shown in table 5. Therefore, continuous variables of 

clinical indicators were made dichotomous (normal versus abnormal).  
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Table:  5 Normal values for the eight clinical indicators evaluated in the study. 

Clinical indicator 

(unit) 

Ideal value for adults 

(>20 years) 
Reference 

Blood pressure 

(SBP/DBP) (mmHg) 

 

<120/<80 
(Lloyd-Jones et al., 

2010) 

BMI (kg/m2) < 25 
(Lloyd-Jones, et al., 

2010) 

Waist Circumference – 

male (in) 

≤40 
(National Institute of 

Health, 2008) 

Waist Circumference – 

female (in) 

≤35 
(National Institute of 

Health, 2008) 

Fasting plasma glucose 

(mg/dL) 

< 100 
(Lloyd-Jones, et al., 

2010) 

Total Cholesterol (mg/dL) < 200 
(American Heart 

Association, 2011) 

LDL-Cholesterol (mg/dL) < 100 
(American Heart 

Association, 2011) 

HDL-Cholesterol – Male 

(mg/dL) 

> 40 
(American Heart 

Association, 2011) 

HDL-Cholesterol – 

Female (mg/dL) 

> 50 
(American Heart 

Association, 2011) 

Triglycerides (mg/dL) < 150 
(American Heart 

Association, 2011) 

 

Data on general wellness in the study refers to subjects‘ physician visits in 

the prior three years from a wellness visit date and the following three 

secondary prevention cancer screenings: Colonoscopy, mammogram, and 
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prostate check. Since the three screenings apply to certain age groups and 

gender, approved guidelines listed in table 6 were followed to make an 

assessment if subjects were following the recommendations. Therefore, the 

multichotomous variables collected were made dichotomous by classifying 

subjects as those who attended a screening according to recommendations and 

those who did not (table 6). 

Table:  6 Accepted guidelines for colonoscopy, mammogram and prostate screening 
(American Cancer Society, 2012a; National Cancer Institute, 2010; U.S. 
Preventive Services Task Force, 2008, 2011). 

Type of screening Recommendation 

Colonoscopy Adults 50-75 years old every 10 years, despite of gender 

Mammogram Women  40 years old, every 1-2 years 

Prostate screening Men  50 years old, every 2 years 

 

3.6.2 Lifestyle seeking behavior 

Diet, exercise, sleep and smoking were the lifestyle factors reviewed in the 

project. Due to changes of the wellness screening form between baseline and 

follow-up visit, information about diet was obtained differently at baseline 

compared to follow-up. At baseline visit, eight ordinal variables regarding the 

patient‘s diet with five response choices were available. It was decided that two 

of them: ―I eat at least 5 servings of fruits and vegetables per day,― and ―I eat 

lean meat, fish and beans regularly,― were equal to the variable ―Typical meals 

are well rounded, including fruits and vegetables― on the data collection form. 

The following response choices were available on the questionnaire: 1 = never, 

2 = rarely, 3 = sometimes, 4 = often and 5 = always. The patient needed to 

have responses of 3, 4, or 5 for both variables to correspond to a well-rounded 

diet on the data collection form. 

Subjects were analyzed in relation to well-rounded diet, exercise on three or 

more days per week, 7 to 8 hours sleep per night and if they were smokers. 

Accepted guidelines recommends a physical activity of 150 minutes or more per 

week of moderate-intensity, or 75 minutes per week of vigorous-intensity or an 
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equivalent combination (U.S. Department of Health and Human Services, 

2008). As detailed information was not obtainable it was decided to categorize 

subjects who exercised three or more days per weeks as having acceptable 

frequency of physical activity. Hours needed of sleep per night is individual but it 

was decided to use persons sleeping 7 to 8 hours per night as getting adequate 

sleep. These multichotomous ordinal variables were made dichotomous (table 

7). 

Table:  7 Transformation of the multichotomous ordinal variables exercise and sleep to 
dichotomous variables used in data analysis. 

Variable Multichotomous Dichotomous 

Exercise 

(days per week) 

None, 1-2, 3-4, ≥5 <3 and ≥3 

Sleep (hours) <5, 5-6, 7-8, 9-10, >10 7-8 and all other 

 

3.6.3 Economic outcomes 

All costs were examined in United States dollars and from the perspective of the 

employer, Wingate University. Economic information on three types of direct 

costs (medical, prescription, and total health care) was obtained from the 

insurance company serving Wingate University, but no available data were on 

other types of costs. The total health care costs are the sum of medical and 

prescription costs. The difference in amounts at follow-up and baseline visits 

was calculated and subjects categorized as either having decreased or 

increased costs. Medical, prescription, and total health care costs included only 

the costs of services subjects pay for through their self-insurance coverage. 

Reports for the academic year 2009 to 2010 and the calendar year 2011 were 

evaluated as quarters of each year studied, since it could not be done monthly. 

This means that every report included all participants in the self-insured 

program having a wellness visit for three months of the year, but reports were 

marked by the last month included. All financial information spanned a year 

previous from the date it was marked. Thus reports for subjects having a visit 
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between January and March 2011 included financial information from March 

2010 to March 2011.  

3.7 Data entry and processing 

Data were entered into a password protected excel spreadsheet under subjects‘ 

identification numbers. A random sample of ten data collection forms was 

made, and all data belonging to those subjects re-entered into the database to 

test for errors in data import and entry.  

3.8 Data analysis 

Two versions of the spreadsheet program Microsoft Excel, 2007 and 2010, 

were used to analyze data and perform statistics. The add-in software for Excel, 

Analyse-it, was used to perform all statistical tests, except for t-tests. They were 

performed in Excel. 

Non-parametric statistics were performed for most variables as normality 

could not be assumed. Fisher‘s Exact and Chi-Square tests were used for 

dichotomous variables, but the Fisher‘s Exact test was preferred for 2 x 2 

contingency tables, due to more accuracy and small sample size. It was used to 

test for a difference in medication adherence and between wellness visits for 

the dichotomous variables gender, age, race, number of target medications, 

clinical indicators, along with general wellness, and lifestyle seeking behaviors.  

Two-tailed Pearson‘s Chi-Square statistics for r x k contingency tables were 

performed to test for associations of medication adherence and pharmacologic 

categories, disease groups, and number of target diagnoses. Mann-Witney U 

test was used for comparisons by medication adherence for continuous data. It 

was performed to test for a difference in number of other than target 

medications between adherers and non-adherers.  

Kruskal Wallis one-way analysis of variance, the non-parametric equivalence 

of the one-way analysis of variance (ANOVA), was used to compare more than 

two independent samples of continuous data. It was performed to test whether 

the median MPR of five pharmacologic categories, four target disease groups 

and four numbers of target diagnoses originated from the same distribution.  
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Parametric statistics were performed on economic observations after 

logarithmic transformations on the data, which resulted in approximate normal 

distribution. Histograms of the distribution in cost in relation to medication 

adherence at both visits can be seen in appendix E. Two tailed t-test for paired 

samples was performed to test for a difference in cost between baseline and 

follow-up visit.  Two tailed t-tests for two samples, assuming unequal variances, 

were performed to test for a difference in cost between adherent and non-

adherent subjects, both at baseline and follow-up visit. Spearman‘s Rank-Order 

Correlation was conducted to test for correlation between total cost and number 

of target diseases for adherent and non-adherent subjects at both wellness 

visits.  

Statistical significance was set at 0.05 and all p-values were unadjusted. 

3.9 Data privacy 

At the top of the data collection form was identification (ID) number, which is a 

code assigned to each subject. Every code was made of a number between 0 

and 500. Therefore, no identifying information was collected, which is very 

important due to subjects‘ protection and health information security. The 

attribute age was made as an ordinal variable on data collection form rather 

than date of birth, at the request of Wingate‘s Research Review Board, to 

increase subjects‘ privacy protection. The following age categories were made 

as years of age: 20-39, 40-49, 50-59, and 60 years or older. Age range was 

then assigned to each subject by using their actual age in the year 2012. The 

key for subject‘s identification was stored in a password protected spreadsheet 

on the investigator‗s computer. In order to make sure any two or more subjects 

did not get the same ID number, it was checked twice, during data collection 

and again at the end.  
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4. RESULTS 

 

The sample frame used in the study included 363 individuals. Of those, 169 

(46.6%) persons had both a baseline and follow-up visit, along with one or more 

of the following target disease groups: Diabetes, heart disease, hyperlipidemia 

and hypertension. Of the 169 subjects, 91 (53.8%) met the inclusion criteria. 

Sixty-seven (39.6%) individuals were excluded from the study, because they 

had no target medications at the baseline visit, even though 13 (19.4%) of those 

started using one or more target medication after the baseline visit. Eleven 

(6.5%) persons were excluded due to none or insufficient information for 

calculations on medication adherence. 

4.1 Demographics and study periods 

Eighty-eight percent of the study population (n = 80) was 50 years or older and 

males were 49 (54%). The study population were mostly Caucasians (91% [n = 

83]). Others were African-American (7% [n = 6]), Hispanic (1% [n = 1]), or of 

some other race (1% [n = 1]) not recorded.  

The time between subjects´ baseline and follow-up visits was not always one 

year, due to changes in how wellness visits were booked after the first year of 

the wellness program. Subjects with less than 6 months and more than 18 

months between visits, made up 30% (28 of 91) of the study population. 

Overall, the mean time between visits was 14 months (range 1-25 months), but 

the mode was 11 months.  

4.2 Adherence to prescription therapy 

4.2.1 Characteristics of study population by medication adherence 

Forty-five subjects (49.5%) were non-adherers. Four characteristics of them can 

be seen in table 8. No statistically significant difference was between gender 

and age in the two groups, although when subjects were divided into two age 

groups, 20-59 years old and 60 years or older some difference albeit not 

significant was apparent. In the younger age group 53.5% (23 of 43) were non-
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adherent to their target medications, compared to 45.8% (22 of 48) of subjects 

who were 60 years or older (p = 0.60). 

Number of target medications at baseline ranged from one to seven drugs 

and most subjects were using either one, two or three medications. Non-

adherers had the median of 2 target medications, with lower and upper quartile 

of 1 and 3 medications, while adherers had the median of 1.5 target 

medications, with lower and upper quartile of 1 and 2 medications. Figure 2 

shows that the proportion of non-adherers increased with increasing number of 

target medications. Of subjects using one target medication, 44% (18 of 41) 

were non-adherent to the medication, compared to 54% (27 of 50) of subjects 

using two or more target medications which did not reach statistical significance 

(p = 0.45).  
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Table:  8 Number of all subjects and number and proportion of non-adherers (subjects 
with at least one target medication of MPR<80%) by gender, age, race, and 
number of target medications. 

Characteristic Subjects 
Non-adherers 
(MPR<80%) 

Study population, n (%) 91 (100) 45 (49.5) 

Gender N n (%) 

Males 49 21 (42.9) 
Females 42 24 (57.1) 

P value* 
Males vs. Females 1.00 

Age (years) N n (%) 

20-29  1 1 (100) 

30-39  2 2 (100) 

40-49  8 3 (37.5) 

50-59  32 17 (53.1) 

60+  48 22 (45.8) 

P value*  20-59 vs. 60+ 0.60 

Race N n (%) 

Caucasian  83 40 (48.2) 

African-American  6 4 (66.7) 

Hispanic  1 1 (100) 

Other  1 0 (0) 

P value* Caucasian vs. all 
other 

0.69 

Target medications N n (%) 

1  41 18 (43.9) 

2  28 14 (50.0) 

3  9 5 (55.6) 

4  4 3 (75.0) 

5  5 2 (40.0) 

6  3 2 (66.7) 

7  1 1 (100) 

P value* 
1 drug vs. ≥2 

drugs 
0.45 

*
Two-tailed Fisher‘s exact test. 
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Figure:  2 Number and proportion of non-adherers, by number of target medications. 

4.2.2 Adherence to target medications 

Of the 91 subjects included in the study, 15 (16%) subjects had one or more of 

the target medications with only one refill in their study period. Therefore, MPR 

could not be calculated for these drugs and they were excluded in the overall 

medication adherence assessment. Seven (8%) subjects had warfarin and two 

types of insulin, Lantus Solostar and Novolog. These were the only target drugs 

for this population which are known to need frequent dosing changes. 

Therefore, these medications were excluded in the overall medication 

adherence assessment. More detailed data on medications used at baseline 

can be seen in Appendix E. 

Table 9 lists the eight most common target mediations subjects were using 

between baseline and follow-up visit. The anti-hyperlipidemic agent, 

simvastatin, was the most commonly used drug agent, and with the highest 

adherence. Subjects were least adherent to the anti-hyperlipidemic agent niacin 

(55.6%).  
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Table:  9 Top eight most commonly used target medications among the study population 
(n=91), by total number of users and total number and proportion of non-
adherers (subjects using at least one target medication with MPR<80%).  

Active ingredient All subjects Non-adherers (MPR<80%) 

Name Nusers nusers % 

Simvastatin  20 3 15.0 

Lisinopril  14 4 28.6 

Atorvastatin  11 4 36.4 

Metoprolol  10 3 30.0 

Metformin 9 3 33.3 

Niacin  9 5 55.6 

Rosuvastatin  9 3 33.3 

Hydrochlorothiazide  6 1 16.7 

 

MPR values ranged from 0.105 (10.5%) to 1.0 (100%). Subjects were non-

adherent to agents in 14 of the 19 pharmacologic categories that were targeted, 

but table 3 describes the most common pharmacologic categories used by the 

study population. The most common categories were: Anti-hyperlipidemics (12 

agents), ACE inhibitors (5 agents), Anti-diabetics (6 agents), Diuretics (5 

agents), and ARBs (5 agents). Most subjects (n = 71) were using medications 

categorized as anti-hyperlipidemic agents, but the second and third most used 

categories among the study population were ACE inhibitors (n = 21) and anti-

diabetic agents (n = 19). All five categories described in table 3 include subjects 

with a wide variation in adherence rates. The proportion of non-adherent 

subjects by pharmacologic category is in following increasing order: 

ARB < ACE < Anti-hyperlipidemic  < Diuretics < Anti-diabetic 

Adherence rates for combined drugs were higher than for single drugs, i.e. 

calcium channel blockers and ACE inhibitors (1 of 5 with MPR < 80%), and the 

combinations of the diuretic, Hydrochlorothiazide, and ARB (0 of 3 with 

MPR<80%), ACE inhibitors (1 of 5 with MPR<80%) and Beta blockers (1 of 4 

with MPR<80%). An exception was the combination of the anti-hyperlipidemic 
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agents, ezetimibe and simvastatin, but no one of the five subjects using the 

combination were adherent to it. 

Table:  10 The five most common pharmacologic categories used by the study 
population (n=91), mean and median medication possession ratio (MPR), 
number of users, and number and proportion of non-adherers (subjects using at 
least one target drug with MPR<80%). 

Pharmacologic 

category 

Mean 

MPR 

(SD) 

Median 

(range) 

P 

value** 

Number 

of users 

Non-

adherers 

n (%) 

P 

valueǂ 

Anti-

hyperlipidemics 

76.7 

(26.2) 

88.2 

(10.5,100) 

0.83 

71 27 (38.0) 

0.96 

Anti-diabetics 
74.7 

(26.4) 

87.4 

(26.5,100) 
19 8 (42.1) 

Diuretics 
74.8 

(30.8) 

95.9 

(23.7,100) 
15 6 (40.0) 

ACE inhibitors* 
81.4 

(24.3) 

93.5 

(21,100) 
21 7 (33.3) 

ARB* 
81.1 

(26.0) 

95.7 

(36.4,100) 
7 2 (28.6) 

*ACE inhibitors: Angiotensin-converting-enzyme inhibitors, ARB: Angiotensin II receptor 

blockers 
**
Kruskal-Wallis one-way analysis of variance 

ǂ
Two-tailed Chi-Square test. 

4.2.3 Other than target medications 

Most subjects (89% [n = 81]) were also taking other than target medications 

during the study period. Adherers had a median of 4 other medications between 

baseline and follow-up visit, with lower and upper quartile of 3 and 7 drugs. 

Non-adherers had a median of 7 other drugs between visits, with lower and 

upper quartile of 3 and 9 drugs. This difference in the use of other medications 

was statistically significant (p = 0.045). 

Minority of subjects was prescribed a new target drug between the wellness 

visits, but 27 (30%) subjects started a new target drug, after baseline visit. The 

number of new drugs ranged from 1 to 3 drugs. 
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4.3 Target disease groups and medication adherence 

Table 11 summarizes the distribution of subjects by disease group and number 

of diagnoses (disease groups) per subject, by medication adherence. 

The same subject was counted more than once if he had been diagnosed 

with more than one target disease group at baseline. Most subjects had been 

diagnosed with high cholesterol (hyperlipidemia), followed by hypertension, 

diabetes and heart disease as the least prevalent disease group. Table 11 

shows that all disease groups had a mean MPR of around 80%, but the 

distribution of medication adherence was quite even with no statistical 

significance. Most subjects had two and three target diagnoses at baseline. The 

mean MPR (82.6%) was highest for subjects with three target diagnoses. 

Subjects with four target diagnoses were least adherent to their target 

medications, and those with two target diagnoses most adherent, although the 

difference was not statistically significant. 
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Table:  11  Distribution of subjects (n = 91) by disease group and number of diagnoses 
per subject, along with mean medication possession ratio (MPR), number and 
proportion of non-adherers (subjects using at least one target drug with 
MPR<80%). 

 Subjects MPR 
Subjects 

(MPR<80%) 

P 

value∆ 

Target disease 

group 

Ntotal
ǂ 

(%) 

Mean 

(SD) 

Median 

(range) 

P 

value† n (%) 

Adh 

vs. 

Non-

adh** 

Diabetes 29 (32) 
82.4 

(22.7) 

92.1 

(25.7,100) 

0.88 

15 (51.7) 

0.96 

Heart disease 25 (27) 
79.5 

(24.0) 

93.9 

(19.0,100) 
14 (56.0) 

Hypertension 72 (79) 
80.1 

(24.4) 

92.1 

(19.0,100) 
36 (50.0) 

Hyperlipidemia 80 (88) 
79.6 

(25.4) 

91.9 

(10.5,100) 
40 (50.0) 

Number of 

target 

diagnoses per 

subject 

Ntotal
* (%) 

Mean 

(SD) 

Median 

(range) 

P 

value† n (%) 

Adh 

vs. 

Non-

adh** 

1 19 (20.9) 70.0 

(30.2) 

82.7 

(10.5,100) 

0.27 

10 (52.6) 

0.24 

2 36 (39.6) 
79.6 

(26.1) 

92.1 

(21.0,100) 
15 (41.7) 

3 29 (31.9) 
82.6 

(22.0) 

93.3 

(19.0,100) 
15 (51.7) 

4 7 (7.69) 
78.2 

(25.7) 

94.9 

(26.5,100) 
5 (71.4) 

*The percentages do not sum up to 100% due to rounding of the numbers 
ǂ  

The percentages do not sum up to 100%, since subjects can have more than one disease 

**Adh: Adherers, Non-adh: Non-adherers. 
†
Kruskal-Wallis one-way analysis of variance 

∆
Two-tailed Chi-Square test. 
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4.4 Clinical indicators and medication adherence 

Screening results from physicians or wellness visits are shown in Table 12. 

Data were most often available for mandatory screening values (blood glucose 

and lipoprotein analysis).  

Most subjects had abnormal body mass index but they were most likely to 

have normal values for diastolic blood pressure and total cholesterol. The 

distribution of subjects with abnormal values by medication adherence was 

similar for all indicators and no statistically significant difference was observed, 

although it was close for body mass index at follow-up visit (p = 0.053) and 

waist circumference at baseline (p = 0.052), where non-adherers were more 

likely to have abnormal values for these factors. The total number of subjects 

with abnormal values decreased for all factors but three (systolic blood 

pressure, waist circumference and high-density lipoprotein) between baseline 

and follow-up, but this was not statistically significant.  The median and 

interquartile range for all clinical factors can be seen in Appendix E. 
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Table:  12Total number of subjects with available screening results for clinical indicators, along with number and proportion of these 
subjects with abnormal values according to accepted guidelines, by medication adherence and wellness visit. Results from 
statistical tests (P values) are also shown, at baseline and follow-up and between these two wellness visits. 

 Baseline Follow-up Baseline 
vs. 

Follow-
up 

 Total 
with 
value 

Abnormal values Total 

with 

value 

Abnormal values 

Factor* Total 
Non-

adherers 

Adherers vs. 

Non-adherers 
Total 

Non-

adherers 

Adherers vs. 

Non-adherers 

 N N (%) n (%) P value** 
N N (%) n (%) P value** P value** 

BMI 
 

79 
66 

(83.5) 
34 (51.5) 0.11 59 

49 
(83.1) 

29 (59.2) 0.053 1.00 

SBP 
 

80 
54 

(67.5) 
28 (51.9) 0.58 56 

40 
(71.4) 

22 (55.0) 0.96 0.77 

DBP 
 

80 
30 

(37.5) 
16 (53.3) 0.69 56 

15 
(26.8) 

8 (53.3) 1.00 0.26 

WC 
 

68 
35 

(51.5) 
22 (62.9) 0.052 50 

26 
(52.0) 

17 (65.4) 0.16 1.00 

BG 
 

88 
42 

(47.7) 
21 (50.0) 1.00 90 

36 
(40.0) 

20 (55.6) 0.41 0.37 

Total-C 90 
28 

(31.1) 
14 (50.0) 1.00 91 

27 
(29.7) 

14 (51.9) 0.95 0.96 

LDL 86 
52 

(60.5) 
21 (40.4) 0.23 87 

50 
(57.5) 

24 (48.0) 1.00 0.81 

HDL 89 
44 

(49.4) 
20 (45.5) 0.75 89 

46 
(51.7) 

24 (52.2) 0.59 0.88 

TRG 90 
35 

(38.9) 
18 (51.4) 0.87 88 

30 
(34.1) 

16 (53.3) 0.71 0.61 

*BMI: Body mass index, SBP: Systolic blood pressure, DBP: Diastolic blood pressure, WC: Waist circumference, BG: Blood glucose, Total-C: Total 
cholesterol, LDL: Low-density lipoprotein, HDL: High-density lipoprotein, TRG: Triglycerides. 
**Two-tailed Fisher‘s Exact test. 
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4.5 General wellness seeking behavior and medication 
adherence 

All 91 subjects, had visited a physician for some reason during the past three 

years from wellness visits. 

Three cancer screenings (Colonoscopy, Mammogram, and Prostate 

screening), considered preventive against colon, breast and prostate cancers, 

were assessed among study population. Data were available for all 91 subjects, 

at both visits. Subjects‘ attendance to these screenings regard to accepted 

guidelines is summarized in table 13.    

Of the 88 subjects who had reached the age of fifty, 59 (67%) had attended a 

screening for colon cancer (colonoscopy) in the past ten years from the date of 

baseline visit and 65 (74%) subjects at follow-up visit.  About half of these 

subjects were non-adherers (49.2%) to target prescription therapy between 

baseline and follow-up visit, with no statistical significant difference in 

medication adherence and between wellness visits. 

Of the 40 female subjects who were 40 years or older, 34 (85%) had 

attended a screening for breast cancer, or mammogram, in the past five years 

from baseline and follow-up visit. The distribution between adherers and non-

adherers at both visits were quite even, or 58.8% non-adherers. Therefore, no 

statistical significant difference was seen between subjects by medication 

adherence and wellness visit.  

Of the 44 male subjects, who were fifty years or older, 40 (91%) had 

attended a prostate screening in the past two years from baseline visit, but 37 

(84%) at follow-up visit. The decrease between visits was though not statistical 

significant (p>0.05). Adherers were more likely than non-adherers to attend a 

prostate screening according to authorized recommendations, but the difference 

was small and not statistical significant.  
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Table:  13 Number of subjects, who met recommendations for three preventive 
screenings (colonoscopy, mammogram and prostate check), by wellness visit 
and medication adherence.Statistical results (P values) are shown as well. 

Type of screening  Colonoscopy Mammogram  
Prostate 
check  

Baseline 

All subjects  
N 

(%) 
59 (67.0) 34 (85.0) 40 (90.9) 

Non-adherers 
N 

(%) 
29 (49.2) 20 (58.8) 17 (42.5) 

Number of Adherers vs. 
Non-adherers 

P * 1.00 1.00 0.82 

Follow-up 

All subjects 
N 

(%) 
65 (73.9) 34 (85.0) 37 (84.1) 

Non-adherers* 
N 

(%) 
32 (49.2) 20 (58.8) 14 (37.8) 

Number of Adherers vs.  

Non-adherers 
P * 1.00 1.00 0.38 

Baseline vs. Follow-up 

Number of all subjects P * 0.48 1.00 0.48 

Number of non-adherers P * 0.73 1.00 0.60 

*Two-tailed Fisher‘s exact test. 
 

4.6 Lifestyle and medication adherence 

Data on lifestyle factors were available for all or most subjects at both wellness 

visits. Data on exercise were missing for 7 (7.7%) subjects at baseline and 1 

(1.1%) at follow-up visit and data on diet were missing for 21 (23%) subjects at 

baseline and 37 (41%) at follow-up visit.  

Most subjects had well rounded meals, slept 7-8 hours per night and did not 

smoke. About half of all subjects exercised three or more days per week (table 

14). Adherers were slightly more likely to have well rounded meals at baseline, 

exercise three days or more per week and sleep 7-8 hours per night, but the 
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difference was not statistically significant. The percentage of non-adherers 

between baseline and follow-up visits increased for all factors, except for non-

smokers, but one more subject smoked at follow-up visit compared to baseline. 

The difference between visits was not statistical significant for neither adherers 

nor non-adherers (p > 0.05).   

Table:  14 Number and proportion of subjects who adapted four positive lifestyle 
behaviors, by medication adherence and wellness visit. 

Lifestyle  

Well 

rounded 

meals 

Exercise  3 

days a week 

7-8 hour 

sleep 

Non-

smokers 

Baseline 

All subjects  
N 

(%) 
51 (72.9) 43 (51.2) 67 (74.4) 84 (92.3) 

Non-adherers 
N 

(%) 
24 (47.1) 20 (46.1) 30 (44.8) 42 (50.0) 

Adherers vs.  

Non-adherers 
P* 0.59 1.00 0.15 1.00 

Follow-up 

All subjects 
N 

(%) 
44 (81.5) 51 (56.7) 65 (71.4) 83 (91.2) 

Non-adherers 
N 

(%) 
23 (52.3) 24 (47.1) 31 (47.7) 41 (49.4) 

Adherers vs. 

Non-adherers 
P* 0.51 0.85 0.77 1.00 

Baseline vs. Follow-up 

Total subjects P* 0.36 0.57 0.77 1.00 

Non-adherers P* 0.66 0.84 1.00 1.00 
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4.7 Economic outcomes and medication adherence 

Economic information on three cost factors (medical, prescription and total 

healthcare costs) was available for all 91 subjects. Two subjects had some 

prescription cost at baseline but no prescription cost at follow-up visit. 

Table 15 shows that the mean cost increased slightly and non-significantly 

between wellness visits. Non-adherers had higher mean costs and a broader 

range for all three cost types at baseline and medical and higher total health 

care cost at follow-up visit. However, no statistical significance was observed 

between adherers and non-adherers. Non-adherers had more increased costs 

between visits compared to adherers, but the difference between wellness visits 

was though not statistical significant for neither group. 

About half of all subjects, irrespective of adherence and wellness visit, had 

some decrease in costs for all factors between wellness visits, while the other 

half increased their costs to some extent. 
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Table:  15 Mean medical, prescription, and total health care costs for the study 
population (n = 91), according to medication adherence at baseline and follow-
up wellness visits.  

 Medical ($) Prescription ($) Total ($) 

 Baseline visit 

All subjects 
(mean, range) 

5,242 

(42, 60,166) 

3,120 

(15, 24,373) 

8,362 

(413, 62,651) 

Non-adherers 

(mean, range) 

6,132 

(42, 60,166) 

3,306 

(15, 24,373) 

9,438 

(413, 62,651) 

Adherers 

(mean, range) 

4,371 

(223, 54,230) 

2,938 

(59, 22,233) 

7,309 

(650, 56,191) 

Mean cost of adh 
vs. non-adh* (p**) 

0.23 0.91 0.23 

 Follow-up visit 

All subjects 

(mean, range) 

5,960 

(244, 153,375) 

3,331 

(0, 26328) 

9,291 

(354, 154,904) 

Non-adherers 

(mean, range) 

8,075 

(354, 153,375) 

3,320 

(0, 21,273) 

11,395 

(354, 154,904) 

Adherers 

(mean, range) 

3,892 

(244, 37,996) 

3,341 

(56, 26,328) 

7233 

(789, 64,324) 

Mean cost of Adh 
vs. Non-adh* (p**) 

0.64 0.61 0.48 

 Baseline vs. Follow-up (Pǂ) 

All subjects 0.60 0.51 0.59 

Non-adherers 0.50 0.47 0.57 

*Adh: Adherers, Non-adh: Non-adherers  
**Two-tailed t-test for two samples, assuming unequal variances 
ǂ
Two-tailed t-test for paired samples 

 

Table 16 shows that a weak positive correlation with statistical significance 

could be observed between the number of target diagnoses and total cost, for 

all 91 subjects, both at baseline (Rs=0.28) and follow-up (Rs=0.46).  Adherers 

showed slightly more correlated relationship between the two variables than 
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non-adherers, but the tests were only statistical significant at follow-up for these 

two groups. 

Table:  16 Correlation coefficients measuring statistical dependence between the number 
of target diagnoses and total cost within all subjects in the study population 
(n=91), and in relation to medication adherence at baseline and follow-up. 
Statistical significance of the test is shown as a P value. 

 Baseline Follow-up 

Correlation* Total Adherers 
Non-

adherers 
Total Adherers 

Non-

adherers 

Rs 

P-value 

0.28 

0.0066 

0.27 

0.0645 

0.25 

0.0994 

0.46 

<0.0001 

0.50 

0.0004 

0.40 

0.0068 

*Spearman‗s Rank-order correlation 
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5. DISCUSSION 

The project will be discussed here below and compared to other studies when 

possible. Recent studies on medication adherence evaluated different 

populations, diseases, drug classes, and/or used different methods of 

assessing adherence rates, making comparison of results from this project with 

other studies difficult. This heterogeneity is commonly found within the literature 

and has been affecting studies of medication adherence for decades (DiMatteo, 

2004; DiMatteo, Giordani, Lepper, & Croghan, 2002). The project will be 

discussed in relation to the study population and demographics, medication 

adherence and target disease groups, in addition to secondary outcomes in 

relation to medication adherence. Then, strengths and limitations of the study 

will be discussed, followed by ideas of the next steps in further evaluations of 

Wingate‘s university-based wellness clinic. 

5.1 Study population and demographics 

Of the 363 subjects that had both baseline and follow-up visits, about half 

(46.6%) had one or more of the following disease groups at baseline: Diabetes, 

heart disease, hyperlipidemia, and hypertension. This fairly high number 

indicates that these chronic conditions are rather prevalent among employees 

and spouses at Wingate University, but is in line with the prevalence in the U.S. 

population (Centers for Disease Control and Prevention, 2009). Only 91 

(53.8%) subjects met the inclusion criterion, and had at least one target 

medication at the baseline wellness visit. One might think that this percentage 

should be higher, but drug therapies are not always necessary to achieve 

therapeutic goals. The prevalence of pharmacologic treatment in USA in 2005-

2008 was 69.9% for hypertension, 48.1% for high LDL-C, and 84% for diabetes 

(Centers for Disease Control and Prevention, 2011; Gillespie, Kuklina, Briss, 

Blair, & Hong, 2011; Kuklina, Shaw, & Hong, 2011). 

The age distribution of all participants in the wellness program, irrespective of 

health status, was quite even in the year 2010, but most subjects included in 

this study had reached the age of fifty (88% [n = 80]). This is not surprising 
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since chronic conditions are generally of slow progression and long duration 

(World Health Organization, e.d.), and average health gets worse with 

increasing age.  

5.2 Medication adherence and target disease groups 

Only half (49.5%) of the study population had a MPR of 80% or higher. This 

indicates that there is room for improvement in this population with regard to 

medication adherence. This finding is in concordance with previous studies, 

indicating that  patients with chronic conditions have difficulties with medication 

adherence (Briesacher, et al., 2008; P. M. Ho, et al., 2006; Pittman, et al., 2011; 

Wiegand, et al., 2012; Yeaw, et al., 2009; Zhang, et al., 2011).  

Some subjects probably do not feel or understand the importance of 

medication compliance. Limited disease-related knowledge and health literacy 

can in some cases explain low adherence rates within a study population 

(Briesacher, Gurwitz, & Soumerai, 2007; Gellad, et al., 2011), despite many 

highly educated subjects within this study population. 

Females were slightly less adherent than males, and studies on populations 

taking cholesterol lowering drugs have shown a similar gender pattern (Pittman, 

et al., 2011; Wiegand, et al., 2012). Non-adherence was more common among 

subjects in the age range 20 – 49 years old compared to the older population 

(50 years or older). Recent studies have shown similar results, where 

medication compliance has improved with age (Briesacher, et al., 2008; P. M. 

Ho, et al., 2006; Pittman, et al., 2011; Vegter, et al., 2011; Wiegand, et al., 

2012; Yeaw, et al., 2009). However, this comparison is not statistically 

significant since most subjects belonged to the older age group. These data 

suggests that attention should be paid to the medication adherence of females 

and the younger population. 

Most subjects were taking one (n = 41) or two (n = 28) target medications, 

but the remaining 22 subjects had three or more target drugs at baseline. It is 

not unusual that people who have been diagnosed with chronic conditions are 

treated with a combination of drugs, as a recent prospective study showed 

(Corrao, et al., 2011). The impact of poly-pharmacy on medication adherence 
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has been detected in the USA among the elderly population with different 

chronic conditions (Gellad, et al., 2011). The results of this project indicated, 

without statistical significance, that number of non-adherent subjects increased 

with the number of target medications. These non-adherent individuals were 

also using significantly more other medicines, in addition to target drugs, than 

adherent persons. The total number of other drugs was only collected without 

further examination of their characteristics, but there are few possible reasons 

for the difference in adherence.  

Generally, there is a relationship between the number of medications and 

increased prescription costs. Some people cannot afford them all or do not want 

to spend a large amount of money on medications, so they might choose 

between drugs. Some of these medications might be short-term therapy, so 

they are chosen over the target drugs, which most often are long-term or life-

long therapy. Cost-related medication non-adherence was shown to be related 

to poly-pharmacy in heart failure patients (Dunlay, 2011), although this was not 

observed in another study (Briesacher, et al., 2007). Some subjects using other 

medications probably have other medical conditions, in addition to their target 

diseases. This could impact medication adherence with target drugs since 

subjects might feel the efficacy of these medications sooner and have more 

faith in them. They could be the reason they can get to work every day, 

affecting their daily life and present health condition. Conversely, medications 

indicated for the four target conditions are often used for preventive purposes 

and for asymptomatic diseases, so people without an understanding of future 

risks and possible complications might choose not to refill these medications. 

As an example, depression has been associated with lower adherence to oral 

antihypertensive, hypoglycemic, and lipid-lowering agents (Lin et al., 2004).  

Most subjects had been diagnosed with hyperlipidemia (88%) and 

hypertension (79%), followed by diabetes (32%) and heart disease (27%), 

which is in concordance with the distribution of these diseases (Centers for 

Disease Control and Prevention, 2011; Gillespie, et al., 2011; Kuklina, et al., 

2011). Heart disease is a broad term so diagnoses of heart disease can overlap 

with diagnoses of hypertension and/or hyperlipidemia. This overlap in addition 
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to lack of information on drug indications were the reasons medication 

adherence was not evaluated by disease groups. The mean MPR rate and 

number of non-adherent subjects were similar for the four target disease 

groups, showing almost no difference between groups. Similar results were 

found in a study comparing drug adherence among seven different medical 

conditions, e.g. hypertension, hypercholesterolemia, and type 2 diabetes 

mellitus (Briesacher, et al., 2008).  

Four of the eight most commonly used target medications among the study 

population were anti-hyperlipidemic agents, but a majority of subjects (n=71) 

were using medications within this category. One possible reason is the large 

proportion of subjects with a diagnosis of high cholesterol, but it could also be 

explained by the fact that lipid-lowering drugs are part of treatment for more 

than one medical condition and are the primary therapeutic modality for 

reducing the risk of cardiovascular outcomes (National Institutes of Health, 

2002). As an example, it was observed in a large cohort study that more than 

25% of subjects receiving antihypertensive medications, experienced co-

treatments with lipid-lowering drugs (Corrao, et al., 2011). It is also well known 

that diabetes patients have high cholesterol levels and increased frequency of 

hypertension (National Institutes of Health, 2002). That can in part explain the 

fact that most subjects had either two or three target diagnoses.  

The anti-hyperlipidemic agent, simvastatin, was the most commonly used 

agent in the study population. Three of the four most commonly used 

cholesterol lowering agents were HMG CoA reductase inhibitors, or statins. This 

was expected, as this drug class is most effective and practical for reducing 

LDL-cholesterol concentrations and allows attainment of the LDL goal in most 

higher risk patients (National Institutes of Health, 2002). When looking at the 

most commonly used statins (simvastatin, atorvastatin, and rosuvastatin), 

subjects were most adherent to simvastatin, but least adherent to atorvastatin. 

The five subjects using the combination of ezetimibe and simvastatin were all 

non-adherent. One possible reason for greater proportional adherence to 

simvastatin compared to atorvastatin, rosuvastatin, and the combination of 

exetimibe and simvastatin is lower prescription cost. However, studies have 
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shown that they are even more intensive therapies compared to simvastatin, so 

compliance to these drugs is of great importance (Furman, Meier, Malmstrom, 

Lopez, & Schaefer, 2011; Simpson et al., 2009). Rosuvastatin and the 

combination therapy are only available as brand name drugs, which are 

generally more expensive than generic medications.  

Subjects were least adherent to the active ingredient niacin, but all subjects 

using it were prescribed the brand drug Niaspan, which is a proprietary 

extended-release formulation of nicotinic acid. It has been detected before that 

individuals using niacin products were significantly more likely to be non-

adherent than patients receiving other lipid-lowering therapy, such as statins 

(Wiegand, et al., 2012). Niaspan, and other nicotinic acid therapies have been 

accompanied by number of side effects, such as hyperglycemia and a variety of 

gastrointestinal system interactions, but statins are normally well tolerated 

(National Institutes of Health, 2002). These adverse outcomes are probably the 

main reason for noncompliance, as studies have found that patients who 

experience side effects are more likely to be non-adherent to their medications 

(Grant, et al., 2003).  

Since most subjects were treated with lipid-lowering agents it would be 

helpful if a pharmacist informs participants about the importance of medication 

adherence since non-adherence to these agents is well known (Briesacher, et 

al., 2008; Yeaw, et al., 2009; Zhang, et al., 2011). It is also important because 

people often do not feel the effects of the drug since there are no direct 

symptoms from high cholesterol levels (National Institutes of Health, 2002).  

When the most common pharmacologic categories were compared, subjects 

were least adherent to anti-diabetic agents, followed by diuretics, anti-

hyperlipidemics, ACE inhibitors, and ARBs. There was a small non-significant 

difference in the number of non-adherent subjects, indicating almost no 

difference between categories. Even though the researcher was unable to 

obtain subjects‗ drug indications from available data, ACE inhibitors and ARBs 

are well known drug classes for treatment of high blood pressure, and diuretics 

are often recommended as the initial treatment of hypertension (B. V. Patel, 

Remigio-Baker, Thiebaud, Preblick, & Plauschinat, 2008). Greater adherence 
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rates for anti-hypertensive agents compared to anti-diabetic and lipid-lowering 

therapy have also been detected in the literature (Briesacher, et al., 2008; 

Chapman et al., 2005; P. Michael Ho, et al., 2008; Vegter, et al., 2011). Overall, 

adherence tends to be lower for statins relative to anti-hyperglycemic agents in 

most (Briesacher, et al., 2008; Yeaw, et al., 2009; Zhang, et al., 2011), but not 

all cross-sectional, retrospective analyzes (Lau & Nau, 2004). A study found 

that type 2 diabetes patients were less adherent to anti-hyperglycemic drug 

regimens (28.9%), compared to lipid-modifying drugs (26.9%), and 

antihypertensive agents (18.8%) (Lau & Nau, 2004), which is the same pattern 

as was observed in this project.  

The larger proportion of non-adherent subjects using anti-diabetic compared 

to lipid-lowering agents is surprising in the sense that high cholesterol is 

generally asymptomatic (National Institutes of Health, 2002), while type 2 

diabetes is often associated with symptoms such as hypoglycemia and 

hyperglycemia ("Standards of Medical Care in Diabetes—2012," 2012). 

However, the comparison between the most common categories is limited. No 

clear conclusions can be drawn due to unequal distribution in number of users 

and drug agents within each pharmacologic category.  

Only two subjects from the study population were using insulin, which 

indicates that most participants had been diagnosed with type 2 diabetes. Of 

the six anti-diabetic agents subjects were using, about half (9 of 19) were 

receiving Metformin, which is the recommended initial therapy at the time of 

type 2 diabetes diagnosis ("Standards of Medical Care in Diabetes—2012," 

2012). The other half was using agents within other anti-diabetic categories, i.e. 

sulfanylureas, thiazolidinediones, glucagon-like peptide-1 (GLP-1) agonists, and 

dipeptidyl peptidase four (DPP-4) inhibitors. About 33% of subjects receiving 

metformin were non-adherent. Recent studies have found that regimen 

complexity, including more frequent dosing, is related to poorer adherence 

(Claxton, et al., 2001; Ingersoll & Cohen, 2008). This can possibly be the 

reason for inadequate adherence to metformin and some other anti-diabetic 

agents (Donnan, MacDonald, & Morris, 2002) where complex regimens and 

frequent doses are needed to reach glycemic goals in type 2 diabetes (Nathan 
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et al., 2009). The once-daily regimen of lipid-lowering drugs, such as statins 

(National Institutes of Health, 2002), could among other things explain the 

difference in adherence rates between anti-diabetic and anti-hyperlipidemic 

categories in this project.  

Overall, subjects were more adherent to metformin compared to other anti-

diabetic classes. Metformin has been used safely and causes weight stability, or 

moderate weight loss, but most subjects in this project (83.5%) had abnormal 

values for body mass index. Generally, metformin is well tolerated, with minimal 

side effects (Nathan, et al., 2009). Conversely, the other anti-diabetic agents 

used among subjects are new on the market or have been associated with less 

safety, weight gain, or number of side effects (Nathan, et al., 2009). All these 

factors can explain lower adherence rates among these medications but side 

effects are a common problem with medication use among type 2 diabetes 

(Grant, et al., 2003). Self-management is also important in diabetes treatment, 

so a lack of disease knowledge and health literacy can affect these skills 

(Williams Mv, 1998). Lack of conviction on the patient‘s part that the medicines 

are helping either current symptoms or future health has also been seen among 

patients with type 2 diabetes (Grant, et al., 2003), which could possible cause 

medication non-compliance. 

5.3 Secondary outcomes and medication adherence 

Screening results of biometric values from physicians or wellness visits were 

more often available for mandatory screening values (blood glucose and 

lipoprotein analysis), compared to other clinical indicators. This means that data 

were not available for all 91 subjects, but that size of a study population is 

already limited for statistical testing. The varying number of subjects with 

available data for the nine measures makes comparison difficult. 

Lifestyle modifications are important in treatment and management of the 

chronic diseases studied in this project, either alone as an initial treatment or in 

combination with drug therapy. Low fat and well-rounded diet, weight loss, 

adequate physical activity, and smoking cessation are all part of the program 

(National Institutes of Health, 2002, 2004; "Standards of Medical Care in 
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Diabetes—2012," 2012). Therefore, it was interesting to examine whether an 

association existed between lifestyle and medication adherence among 

subjects. Missing data on exercise and diet reduced the ability to do so. Data on 

diet were more often not available, since they were not recorded if subjects 

opted for no wellness visits due to documentation from a physician‘s visit to 

fulfill all requirements.  

Most subjects had adapted a healthier lifestyle, but an increase in exercise 

frequency would be beneficial for participants since only half of the study 

population exercised three or more days per week. Small or no difference was 

seen between adherent and non- adherent subjects, but adherent subjects were 

slightly more likely to have well rounded meals at baseline and adequate sleep 

at nights. Overall, non-adherent subjects improved their lifestyle behavior 

between wellness visits, but the difference was rather small and non-significant.  

Subjects with abnormal values for body mass index comprised 83.5% of the 

study population, and an improvement between visits was negligible.  Weight 

loss is recommended to prevent further complications and improve health for all 

overweight and obese individuals with diagnosis of diabetes, hyperlipidemia, 

and hypertension (He, Whelton, Appel, Charleston, & Klag, 2000; National 

Institutes of Health, 2002; "Standards of Medical Care in Diabetes—2012," 

2012). Therefore, it would be beneficial for subjects‘ health to reduce their 

weight. 

Non-adherent subjects were more likely than adherent individuals to have 

abnormal body mass index and waist circumference, but without statistical 

significance. Inadequate health literacy has been related to deficient medication 

compliance and fewer important lifestyle modifications.  This has been detected 

among the elderly (Gellad, et al., 2011), and subjects with chronic conditions 

(Williams Mv, 1998). There is a possibility that these subjects have not been 

well informed by their physicians or other healthcare professionals about the 

importance of weight reduction and other lifestyle modifications.  

Total number of subjects with abnormal biometric values decreased non-

significantly for all factors but three (high-density lipoprotein, systolic blood 

pressure, and waist circumference). Other pharmacist-directed intervention and 
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wellness programs (B. M. Bluml, et al., 2000; Bunting, et al., 2003; Bunting, et 

al., 2008; Morgado, et al., 2011; Villeneuve, et al., 2010) have also detected 

improvements for these clinical outcomes during follow-up visits, but no or 

limited improvement in high-density lipoprotein has been seen before (Aldana, 

et al., 2002; Bunting, et al., 2008). This suggests that participants in Wingate‘s 

wellness program achieved clinical improvements between two wellness visits. 

Despite of non-significant improvement between baseline and follow-up visits, 

the program should put more emphasis on the three factors, which did not 

improve between visits.  

When subjects were asked about frequency of physician visits, all 91 

individuals had an appointment sometime in the past three years from wellness 

visits. These data are rather reliable and valid since subjects‘ self-report was 

most often confirmed by medical claims. This time period, three years, is rather 

long but could not be truncated to one year due to unavailable data. The 

physician-patient relationship is important to make sure of optimal medication 

adherence. Regular physician visits have shown to decrease the risk of non-

adherence among patients in the USA receiving antihypertensive and lipid-

lowering therapy (Chapman, Petrilla, Benner, Schwartz, & Tang, 2008; 

Wiegand, et al., 2012), but no assumptions can be made of possible association 

between physician visits and medication adherence since all subjects had at 

least one appointment.  

Certain types of cancer can be detected early through screenings but 

attendance to them is under the patients‘ control. Physicians‘ recommendations 

to attend these screenings are probably a determining factor in patients‘ 

decisions. Participants in the wellness program at Wingate University were 

asked if they had been to breast, colon, and prostate cancer screenings. 

Recommendation were made when appropriate, which could encourage 

participants. Subjects‘ attendance to recommended breast, colon, and prostate 

cancer screenings were in concordance or slightly higher than has been seen 

among the U.S. population (Andriole, et al., 2005; Centers for Disease Control 

and Prevention, 2012). A likely reason is the study population‘s optimal visit rate 

to physicians and pharmacist‘s intervention in the wellness program. Present 
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chronic conditions might influence people‘s decisions, since they might not want 

to risk their health condition any further. No association between attendance to 

the three cancer screenings and adherence to target medications could be seen 

among the study population, except slightly increased probability that adherent 

subjects would attend prostate cancer screening.  

The economic evaluation in this study was a simple calculation of costs. Data 

were reported by the insurance company serving Wingate University so no 

primary data collection done. Reliable and valid data were used to obtain 

financial information, but there was a great possibility of overlapping since data 

could not be collected exactly twelve months prior to wellness visits. That 

means that costs for some subjects covered less or more than a year, which 

can both over-and underestimate costs.  

As expected, the financial data was not normally distributed and the standard 

deviation of the mean was very high. That can be explained by the fact that 

some subjects had extremely high costs and therefore skewed the picture. Log-

transformation on the data resulted in approximately normal distribution. Studies 

have found decrease in medical and total healthcare costs, despite an increase 

in prescription costs, among populations as a consequence of a pharmacist´s 

interventions (Bunting, et al., 2003; Bunting, et al., 2008).  However, this project 

suggested rising costs for all factors between wellness visits. Overall, non-

adherent subjects had higher mean costs and broader range that adherent 

subjects. They also had greater increased costs between wellness visits, even if 

the difference was not significant.  

5.4 Strengths and limitations of the study 

Originally, the primary objective of this project was to compare already 

evaluated medication adherence to prescription therapy between baseline and 

follow-up wellness visits with the pharmacist, looking one year back from each 

visit. It turned out when work started that required data were unfortunately not 

available. Therefore, medication adherence was assessed from prescription 

refills in order to get a snapshot of the medication adherence among 

participants with certain chronic diseases in the wellness program. However, 
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this decision prevented an evaluation of pharmacist‘s impact in Wingate‘s 

wellness clinic and possible causal relationships. It gave instead a description of 

the study population regarding to medication adherence, which was then 

examined in relation to secondary outcomes. Due to limited time and resources 

in this project a pilot study was conducted to build some foundation for further 

evaluations of the University-based Wellness Program.  

Most previous studies, using pharmacy claims, have focused on one disease 

or drug class, by using variety of methods for adherence assessment. 

Therefore, additional studies are needed to compare medication adherence 

among different medical conditions and drug classes within similar or the same 

population. Two recent studies compared medication adherence among few 

diseases or medication classes (Briesacher, et al., 2008; Yeaw, et al., 2009). 

The limitations of these studies were partly dealt with in this project by 

evaluating clinical, economic, and health behavior related correlates with non-

adherence, which have rarely been assessed in relation to medication 

compliance. A standardized approach was applied to measure adherence and 

to identify the sample by using the same criteria.  

The researcher spent three mornings a week, from February 15th to March 

16th, shadowing the pharmacist in the wellness clinic and participating in the 

screening process. Therefore, she developed a basic understanding of the 

overall process in addition to the knowledge obtained from the literature.  

Descriptive studies are important to record and transfer ideas, but the 

number of available subjects and a weak study design prevented firm 

recommendations to administrators at Wingate University to assess the health 

and impact on costs of the wellness program. A complete list was of all 

participants in Wingate University‘s self-insured medical plan was used in this 

project. The benefit of this method is that all available subjects meeting the 

inclusion criteria were included in the study, preventing the risk of selection 

bias. It also decreased bias that all subjects were within the same health plan, 

but at the same time the external validity is negatively affected. Therefore, it is 

difficult to generalize the results to other populations, places, and times. The 

effort of maintaining data privacy in this study was an advantage. 
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Information bias was minimized in the data collection. Same methods were 

used in collecting data for subjects despite of their adherence to prescription 

therapy, since data for secondary outcomes were collected before the 

evaluation of medication adherence. Same data sources were used at baseline 

and follow-up visit. Some variables had undergone changes between years in 

this study, but this only affected how data on diet and physician visits was 

collected in this study.  

The study period was rather short, or about a year. However, it could not 

have been extended due to limited available data before the start of the 

mandatory wellness program in the year 2009 and the short time between the 

last follow-up visit in the year 2011 and the onset of this study. Many previous 

retrospective studies evaluating medication adherence and/or clinical and 

economic outcomes do not extend over longer periods than twelve months 

(Dunlay, 2011; P. M. Ho, et al., 2006; Pittman, et al., 2011; Wiegand, et al., 

2012). Less than six months or more than eighteen months between wellness 

visits could possibly cause bias. Subjects did not have the opportunity to show 

some improvement for measured factors in just a few months, but those who 

had more time between wellness visits had more chance to show 

improvements. These subjects made up 30% of the study population, but were 

not excluded from the study due to limited sample size. 

The research is also limited due to its design. This secondary data analysis is 

limited to existing data and their availability, reliability, and validity. Results from 

retrospective analyses can be problematic. The relationship between covariates 

and non-adherence cannot be interpreted as causal, as the association may be 

confounded by latent or unmeasured variables. The study design and limited 

sample size prevented an approach to adjusting for possible confounding 

factors. The One-Group Pretest-Posttest design is a weak study design 

(Shadish, Cook, & Campell, 2002). Since the baseline visit takes place before 

the follow-up visit, improvements found between visits might have occurred for 

many reasons. Confounding factors could possibly have threatened the internal 

validity of the results.  
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Only one difference between adherent and non-adherent subjects emerged 

to be statistically significant. Statistical conclusion validity was reduced by low 

sample size and consequent low power. The size of the study probably 

influenced the magnitude of the P value and the likelihood that almost all 

observed differences attained statistical significance. In addition, almost all data 

were skewed. 

Pharmacy claims records are relatively efficient data for evaluation of 

medication adherence and persistence in large populations if data are deemed 

complete (Andrade, et al., 2006). The dispensing data used in this project were 

a reliable and valid source of prescription refills, and the medication possession 

ratio is an accepted standard for evaluation of medication adherence, using 

retrospective data (Halpern, et al., 2006). The small sample size impacted this 

evaluation as well, making it harder to make assumptions of overall medication 

adherence from rather few prescription refills. Although, by using automated 

dispensing data, the medication adherence could be assessed accurately for 

each subject, independent of varying lengths of study periods.  

The use of pharmacy records has its limitations. Certain factors could have 

confounded the estimation of adherence rate to some extent. It is possible that 

patients acquired prescription medications from sources other than the 

pharmacies included in the database, which could have led to underestimation 

of medication adherence. Drug acquisition was assessed rather than drug 

exposure. Therefore, it is possible that subjects switched between drugs within 

the same pharmacologic category or discontinued therapy from a physician‘s 

advice sometime within the study period. In that case they would have been 

evaluated as non-adherers even though they were actually adherers, resulting 

in underestimation of the overall medication adherence. On the other hand, the 

adherence could have been overestimated as well since it is unknown if 

subjects consumed their medications at all, occasionally, or at the right time. 

The validity and reliability of data sources varied in this project. Subjects‘ self-

report probably caused some information bias, but data obtained from the 

electronic database, Healthgram, was reliable and valid. If a subject opted for 

documentation from a physician‗s visit to fulfill the wellness program‘s 



  

69 

requirement, no intervention and consultation could be made. That resulted in 

no available self-reported data from the Wellness Screening Forms, affecting 

the measurement of some variables and outcomes. If subjects opted for a 

physician visit, different equipment and persons performed measurements on 

clinical indicators, reducing the reliability of available data. The Wellness 

Screening Forms were handwritten, and sometimes it was difficult to 

understand the writing, which might have resulted in errors in data recording. All 

these factors might have compromised the internal validity of the study. 

The primary objective, to describe medication adherence to prescription 

therapy for participants in Wingate University‘s wellness program, was obtained. 

Secondary objectives, to assess changes in various outcomes between 

wellness visits and in relation to medication adherence, were obtained as well. 

On the other hand, the overall evaluation was a pilot study and had its 

limitations.  

5.5 Suggestions of further evaluation of the wellness program 

It was hard to make any recommendations base on the results of this study due 

to its limitations. Interventions to improve medication adherence and overall 

health among participants with chronic conditions would be useful addition to 

the program. Results from this pilot study would be a good basis for an 

extended study, but with improvements.  

An extended study period is recommended, but a study, which observed the 

impact of a wellness program, indicated that it takes time to see changes in 

health outcomes and costs (Loeppke, et al., 2010).  A retrospective cohort study 

is one possibility to overcome barriers and improve the study design of this 

project. 

If the same population would be evaluated in a retrospective study, an 

extension of the follow-up period is necessary.  Therefore, a few years‘ wait is 

needed before next assessment of the wellness program, and this would allow 

for calculating the basis of person time in the project. A retrospective cohort 

study for evaluation on medication adherence from pharmacy claims would be 

useful, giving the opportunity of few years of follow-up, which would greatly 
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increase the internal validity of the study to a great extent. Personal factors 

such as peoples‘ belief in medications, health literacy, disease knowledge, and 

complications with drugs are all factors believed to interfere with non-adherence 

among this study population. Therefore, qualitative interviews would be an 

important addition to further study to get insight into subjects‘ life and their 

experiences. This would strengthen the study design and build a better 

foundation for hypothesis making. This study only focused on direct medical 

cost, but it would be interesting to evaluate indirect, and intangible costs as well. 

More extensive economic evaluation would be beneficial to get more valid 

results for administrators as basis for decisions about the wellness program.  

Descriptive studies are useful for the formulation of hypothesis that can 

subsequently be tested, using an analytic design. It would be interesting to 

evaluate the impact of pharmacist‘s interventions in the wellness clinic 

prospectively for a longer time than a year.  
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6. CONCLUSIONS 

Evaluations of worksite wellness programs are few, especially within the 

university area. According to covered literature, this study is among the first to 

assess medication adherence among more than one chronic disease in relation 

to several outcomes. Possible suggestions of clinical, economic, and health 

behavior related effect on medication adherence also emerged.  

Currently, the wellness program at Wingate University only includes primary 

and secondary prevention care performed by a pharmacist, but the results of 

this study suggested interventions to increase participants‘ health 

consciousness. The results also supported need for improvement in medication 

adherence among employees and spouses participating in Wingate University‘s 

wellness program. A specially trained and experienced healthcare professional, 

e.g. pharmacist, would be a suitable provider, but the impact of pharmacist 

interventions on medication adherence has been detected. 

One idea is to implement a disease management program, which focus on 

individuals at great risk for chronic conditions. Since subjects were least 

adherent to anti-diabetic agents, a certified diabetes educator would be an 

appropriate option, which is the specialty of the pharmacist who directed the 

wellness clinic at the time of this project. Adding tertiary prevention care would 

not only be beneficial for increased medication adherence, since the results 

showed that lifestyle factors, and biometric measures needed much 

improvement.  

This project provided an idea of the situation among individuals in the 

wellness program that had been diagnosed with diabetes, heart disease, 

hypertension and/or hyperlipidemia. However, further and more extensive 

evaluation of factors measured in this study is a worthy project, but a stronger 

study design is recommended. It is also important to assess the foundation for a 

disease management program as an addition to current wellness program. 
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APPENDIX 



 

APPENDIX A 

Study approval: 

 The application and approval from Wingate University’s Research Review 

Board 

 E-mailed response from the Research Review Board at the time of approval 



 
 

Wingate University 
RESEARCH REVIEW BOARD APPLICATION 

 
Date:  8/15/11 

Investigator Name: Sabrina Cole, PharmD, 
BCPS 

Phone:  704-233-8974 Email: s.cole@wingate.edu 

Names of other investigators: Angela Pegram, PharmD, CDE and Hrefna Sif Bragadottir 

Type of Review Requested  exempt  expedited  renewal 

Project Title: Evaluation of a Pharmacist’s Impact in a University-based Wellness Clinic 

General Purpose of the Research: To evaluate the impact of a pharmacist’s intervention and counseling session on patient adherence with 

prescription therapy 

Data will be obtained by: 
 mail  observation   questionnaire/survey  interview/telephone 
 experiment  secondary source  other (explain) retrospective chart review/managed care 

organization data and statistics 
Attach Project Description Containing At Least The Following: 
a. An overview of the proposed research (including risks, benefits, methodologies, and analytics) 

b. Specific aims of the project 

c. A listing of personnel and their qualifications for participation in the research 
d. Pertinent recent research impacting the proposed investigation 
e. Consent forms 

f. Surveys or interview questions 
g. Test forms 
h. Subject screening forms 

i. Recruitment materials (posters, phone scripts, etc.) 
j. Letters of agreement, or other supporting documentation to assure the RRB that appropriate coordination has been done with outside 

organizations or institutions (clearances to perform research or distribute surveys, etc., at any facility or institution where the research will be 
conducted) 

k. Data collection form 
Will any subjects be less than 18 years old?  yes   no If Yes, also complete the Investigator Checklist for Research Involving Children 

How many subjects will 
participate?  _~300   

Are subjects students at Wingate 
University?   yes   no 

Are any subjects incarcerated, 
institutionalized, pregnant, or wards of 
the state?   yes   no 

Will the proposed research involve 
deception of the subjects? 
  yes   no 

How will subjects be selected? 
All participants who entered the Wingate University Wellness Screening Program during the 2009-2010 academic year and completed a screening 
appointment in 2011 will be included in data collection.  Therefore, participants undergoing screening during the voluntary program prior to 2009 will 
be excluded from data collection. 
How will subjects be informed of procedures, intent of the study, and potential risks to them?   n/a, this is a retrospective chart review 

What steps will be taken to allow subjects to withdraw at any time without prejudice?   n/a, this is a retrospective chart review 

How will subjects’ privacy be maintained and confidentiality guaranteed?   Patient records will be de-identified and data will be collected based on 
chart number, which has been randomly assigned.  Data will be entered into a password-protected electronic spreadsheet for analysis and paper 
data collection forms will be stored in the investigator’s office in a locked cabinet. 
In making this application, I certify that I have read and understand the Wingate University Guidelines for Research Projects Involving 
Human and Animal Subjects and I intend to comply with the letter and spirit of the university policy. I agree that significant changes in the 
protocol will be submitted to the RRB for written approval prior to changes being put into practice, that adverse outcomes, unexpected events, or 
research subject complaints will be reported immediately to the RRB, and that informed consent records of subjects will be kept for at least 3 years 
after completion, closure, or cancellation of the research. 
Signature (Principal Investigator): 
Sabrina W. Cole 
This application has been 
reviewed by the Wingate 
University Research Review 

Board: 

 Full Review X  Exempt  Expedited  

This project has been: X  Approved  Deferred  Disapproved  

Reasons for disapproval: 
 

 

Signature of RRB Chair: 
 



Following is the e-mail which explains the Research Review Board’s decision of 

approval: 

 

“Thanks for sending the information over.  Here are some points about conducting a 

retrospective chart review from the RRB standpoint: 

 

A retrospective chart review does not constitute research if the data are collected for 

quality assurance or other purposes. If the chart review falls under the definition of 

research, it may be exempt from RRB review if the information is recorded by the 

investigator in such manner that subjects cannot be identified, directly or through 

identifiers linked to the subjects [45CFR46.101(b)(4)].   

 

However, if the chart review is done for research purposes and the information is 

recorded with identifiers (e.g., name, medical record number, date of birth, social 

security number, or initials), RRB review and approval is required. 

 

Thus -  two items for question: 

 

Can this be classified as a QA project?  It could still be published with grouped data. 

 

Also, is DOB actually needed for this study, or is there a way that you could band the 

ages:  20-29, 30-34, 35-39, 40-44, 45-49, 50-54, etc. so that there is sufficient ambiguity 

involved to direct the reader away from identifying the person conclusively?“ 

 

 

 

 

 



 

APPENDIX B 

Data collection: 

 The final version of the data collection form 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 





 



 





APPENDIX C 

Data sources: 

 Health risk assessment (HRA) application 

 Wellness Screening Form for 2009 to 2010 (baseline wellness visit) 

 Wellness Screening Form for 2011 (Follow-up wellness visit) 

 National Preferred Formulary: Express Scripts for the United States 2009 

 National Preferred Formulary: Express Scripts for the United States 2010 

 National Preferred Formulary: Express Scripts for the United States 2011 

 A list of applicable medications from 2009, 2010, and 2011 National 

Preferred Formulary: Express Scripts 

 

 

 

 

 

 

 

 

 

 



 



 



 





 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 



 



 



APPENDIX D 

Methods: 

 An example of calculations on Medication Possession Ratio (MPR) for one 

subject (table 1 and 2) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 1: Prescription refills of Simvastatin for one subject between baseline and follow-up visit. 

Drug Quantity Days of supply Date filled 

Simvastatin 20 mg tablet 30 30 02.10.2011 

Simvastatin 20 mg tablet 30 30 03.09.2011 

Simvastatin 20 mg tablet 30 30 03.08.2011 

Simvastatin 20 mg tablet 30 30 05.07.2011 

Simvastatin 20 mg tablet 30 30 07.06.2011 

Simvastatin 20 mg tablet 30 30 28.04.2011 

Simvastatin 20 mg tablet 30 30 07.04.2011 

Simvastatin 20 mg tablet 30 30 25.02.2011 

Simvastatin 20 mg tablet 30 30 18.01.2011 

Simvastatin 20 mg tablet 30 30 07.12.2010 

Simvastatin 20 mg tablet 30 30 29.10.2010 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 2: Medication Possession Ratio (MPR) calculations for the subject referred to in table 1. 

Date of last refill before baseline 24.09.2010 

Days of supply for last refill before baseline 30 

Baseline date 25.10.2010 

Number of days from last refill before baseline and 
baseline visit 

31 

Days of supply from last refill before baseline, belonging 
to the study period 

0 

Sum of days of supply for all refills occurring within study 
period, minus days of supply for the last refill. 

(30*11) – 30 = 300 

Date of last refill in study period 02.10.2011 

Days of supply for last refill in study period 30 

Date of follow-up visit 14.10.2011 

Number of days between last refill in study period and 
follow-up visit 

12 

Days of supply from last refill, belonging to study period 12 

Days between baseline and follow-up visit 349 

MPR (%) 
4.89100*

349

120300



 

 

 

 

 

 

 

 

 



APPENDIX E 

Figures and tables which were left out from the results chapter: 

 All medications used at baseline visit (table 3) 

 Median,  interquartile range (IQR), and P values for clinical indicators (table 4) 

 Histograms of costs (medical, prescription, and total) after logarithmic 

transformation, in relation to medication adherence at baseline and follow-up 

wellness visits (figure 1-12) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 3: List of all target medications (active inredients) by pharmacologic category, number of 

agents within each category, mean Medication Possession Ratio (MPR) for each category, number 

of total users, and number and proportion of non-adherers (MPR<80%) for all medications. 

Active ingredient 

(N = total users) 

MPR<80% 

n (%) 

Active ingredient 

(N = total users) 

MPR<80% 

n (%) 

Anti-hyperlipidemic agents (n = 12) 

Mean MPR (%): 76.5 (10.5,100) 

ARBs (n = 5) 

Mean MPR (%): 81.1 (36.4,100) 

Atorvastatin (11) 

Ezetimibe (5) 

Ezetimibe+Simvastatin (5) 

Fenofibrate (3) 

Fluvastatin (1) 

Gemfibrozil (1) 

Lovastatin (2) 

Niacin (9) 

Niacin + Simvastatin (1) 

Pravastatin (4) 

Rosuvastatin (9) 

Simvastatin (20) 

4 (36.4) 

2 (40) 

5 (100) 

1 (33.3) 

0 (0) 

0 (0) 

2 (100) 

5 (55.6) 

1 (100) 

1 (25) 

3 (33.3) 

3 (15) 

Irbesartan (1) 

Losartan (2) 

Olmesartan (2) 

Telmisartan (1) 

Valsartan (1) 

0 (0) 

1 (50) 

0 (0) 

1 (100) 

0 (0) 

Antiplatelet agents (n = 1) 

MPR (%): 99.5 

Clopidogrel (1) 0 (0) 

Alpha 1 Blocker (n = 1) 

Mean MPR (%): 99.9 (99.8,100) 

Terazosin (2) 0 (0) 

Beta Blocker (n = 2) 

Mean MPR (%): 70.1 (51.9,96.0) 

Carvedilol (3) 

Nebivolol (2) 

1 (33.3) 

2 (100) 

Antianginal; Cardiovascular (n = 1) 

MPR (%): 65.5 

CCBs (n = 1) 

MPR (%): 96.7 

Ranolazine (1) 1 (100) Felodipine (1) 0 (0) 

ACE inhibitors (n = 5) 

Mean MPR (%): 81.4 (21.0, 100) 

Diuretics (n = 5) 

Mean MPR (%): 74.8 (23.7,100) 



Benazepril (3) 

Enalapril (1) 

Lisinopril (14) 

Quinapril (1) 

Trandolapril (2) 

2 (66.7) 

1 (100) 

4 (28.6) 

0 (0) 

0 (0) 

Bumetanide (1) 

Furosemide (4) 

HCTZ (6) 

Indapamide (1) 

Triamterene + HCTZ (3) 

1 (100) 

2 (50) 

1 (16.7) 

1 (100) 

1 (33.3) 

Antiarrhytmic agents (n = 2) 

Mean MPR (%): 88.5 (74.0,100) 

ARB + Diuretic (n = 2) 

Mean MPR (%): 96.2 (88.5,100) 

Digoxin (2) 

Propafenone (1) 

1 (50) 

0 (0) 

Losartan + HCTZ (2) 

Valsartan + HCTZ (1) 

0 (0) 

0 (0) 

ACE + Diuretic (n = 1) 

Mean MPR (%): 80.5 (21.3,100) 

Antianginal; 

antiarrhytmic;Beta Blocker (n = 1) 

MPR (%): 100 

Lisinopril + HCTZ (5) 1 (20) Propranol (1) 0 (0) 

Beta Blocker + Diuretic (n = 1) 

Mean MPR (%): 83.0 (51.4,100) 

Antianginal;CCB (n = 1) 

Mean MPR (%): 85.0 (23.7,100) 

Bisoprolol + HCTZ (4) 1 (25) Amlodipine (6) 1 (16.7) 

CCB + ACE (n = 1) 

Mean MPR (%): 87.1 (45.9,100) 

Antidiabetics (n = 6) 

Mean MPR (%): 74.7 (26.5,100) 

Amlodipine + benazepril (5) 1 (20) Ezenatide (2) 

Glipizide (2) 

Metformin (9) 

Pioglitazone (4) 

Pioglitazone + Metformin (1) 

Saxagliptin (1) 

1 (50) 

0 (0) 

3 (33.3) 

2 (50) 

1 (100) 

1 (100) 

Antianginal; antiarrhytmic;CCB (n = 2) 

Mean MPR (%): 87.2 (66.9,100) 

Diltiazem (3) 

Verapamil (2) 

2 (66.7) 

0 (0) 

Antianginal;Beta Blocker (n = 3) 

Mean MPR (%): 84.1 (32.3,100) 



Atenolol (5) 

Metoprolol (10) 

Nadolol (1) 

1 (20) 

3 (30) 

0 (0) 

*ARBs: Angiotensin II receptor blockers  

 ACE inhibitors: Angiotensin-converting-enzyme inhibitors,  
 CCBs: Calcium Channel Blockers 
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Figure 1: Histogram showing the distribution in medical cost of adherent subjects at baseline 

visit, after  transformation of observations were made. 

 

Figure 2: Histogram showing the distribution in medical cost of adherent subjects at follow-up 

visit , after  transformation of observations were made. 

 

 

 

 



 

Figure 3: Histogram showing the distribution in medical cost of non-adherent subjects at baseline 

visit, after  transformation of observations were made. 

 

Figure 4: Histogram showing the distribution in medical cost of non-adherent subjects at follow-

up visit, after  transformation of observations were made. 

 

 

 



 

Figure 5: Histogram showing the distribution in prescription cost of adherent subjects at baseline 

visit, after  transformation of observations were made. 

 

Figure 6: Histogram showing the distribution in prescription cost of adherent subjects at follow-

up visit, after  transformation of observations were made. 

 

 

 

 



 

Figure 7: Histogram showing the distribution in prescription cost of non-adherent subjects at 

baseline visit, after  transformation of observations were made. 

 

Figure 8: Histogram showing the distribution in prescription cost of non-adherent subjects at 

follow-up visit, after  transformation of observations were made. 

 

 

 

 



 

Figure 9: Histogram showing the distribution in total healthcare cost of adherent subjects at 

baseline visit, after  transformation of observations were made. 

 

Figure 10: Histogram showing the distribution in total healthcare cost of adherent subjects at 

follow-up visit, after  transformation of observations were made. 

 

 

 

 



 

 

Figure 11: Histogram showing the distribution in total healthcare cost of non-adherent subjects at 

baseline visit, after  transformation of observations were made. 

 

Figure 12: Histogram showing the distribution in total healthcare cost of non-adherent subjects at 

follow-up visit, after  transformation of observations were made. 

 

 




