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Abstract 

Medication Therapy Management (MTM) is an innovative pharmacist-led and delivered 

pharmacy service that aims to resolve drug therapy problems, improve patient education 

and increase medication adherence. This dissertation sought to evaluate the impact of 

receiving MTM services on clinical, economic and behavioral outcomes. The first 

manuscript showed that diabetes patients exposed to MTM were more likely to meet the 

glycosylated hemoglobin clinically defined goal compared to a control group of diabetes 

patients. The second manuscript showed that diabetes patients who took insulin or had 

diabetes complications were more likely to receive a higher number of MTM visits. The 

third manuscript showed that patients who took four or more chronic medications had a 

significant cost reduction seven months after the first MTM encounter compared to a 

matched cohort of patients who were never exposed to MTM services. Similar results 

were observed in the fourth manuscript which examined the economic outcomes in 

diabetes patients who were taking insulin. The last manuscript showed that MTM 

services resulted in improvement in medication adherence (measured by proportion of 

days covered (PDC)) across five different classes of chronic disease medications. Taken 

together, this body of work shows that MTM services is a potential tool that could be 

used by policy makers and health plan administrators to improve patient outcomes across 

multiple dimensions of care.  
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Chapter 1: Background 

 

Introduction 

 

Pharmacy, as a professional practice, has witnessed enormous change and maturation 

over the last 70 years, progressively evolving into a more patient oriented practice. Early 

on following WWII, questions were raised in the pharmacy community about pharmacy’s 

professional role, its educational system, the way pharmacists were viewed by society 

and the value they offered to the public as health services providers.
1,2

 Following that, the 

need for a theoretical base to unify the conceptualization and practice of pharmacy was 

pinpointed.
3
 This need was highlighted by Donald Brodie-a renowned pharmacy 

theoretician- who attempted to develop such a conceptual basis for pharmacy practice by 

proposing definitions and components of health services that pharmacists should be 

offering. Brodie’s proposed components included both patient-focused and product-

focused services.
3
  

 

As a part of the transformation and maturation process, pharmacists started moving 

towards patient oriented clinical services as an integral part of their profession by the end 

of the 1960s. By that time, a handful of the newly designed Doctor of Pharmacy 

(PharmD) programs had inaugurated. Initially, the PharmD program was comprised of 

two additional years of clinical training beyond the Bachelor of Pharmacy degree and 

was directed at pharmacists who desired to expand their clinical knowledge. The PharmD 
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degree continued to evolve and gain recognition and in the early 2000s became the 

required entry level pharmacy degree in the United States.
4
 

 

In addition to the growing adoption of the PharmD programs, the early 1970s also saw 

the development of numerous clinical residency programs and board certified specialties 

focused on developing clinical skills for future pharmacy practitioners.
5,6

 This resulted in 

a new wave of clinically-oriented pharmacists whose main practice sites were hospitals. 

Those pharmacists were responsible for adjusting doses, monitoring laboratory 

determined drug levels and minimizing drug adverse events through participation in 

patient rotations and working hand in hand with attending physicians.
7
 Those pharmacy-

pioneers spearheaded the long yearned for clinical role that pharmacists envisioned for 

themselves and added a crucial dimension to the spectrum of health services offered by 

pharmacists. 

 

Building on their clinical skill set, the expansion of pharmacists’ professional roles 

beyond drug dispensing and clinical monitoring continued to progress to include 

provision of drug toxicology information, immunization services, medication reviews, 

care delivery coordination, and follow-up/monitoring of patients’ drug regimens. 

However, such clinical roles were mainly confined to the institutional settings despite the 

fact that most patients who required medication assistance would present in the 

community/outpatient clinics settings.
8
 This realization, the need for an expanded clinical 

role for pharmacists across the continuum of care delivery settings including the 
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ambulatory setting, coupled with the striking statistics that showed the mortality and 

morbidity associated with drug therapy problems,
9
 were among the major motives behind 

the search for a new paradigm of pharmacy practice that could be applied at the 

community level to address drug therapy problems for ambulatory patients. In a landmark 

article, Hepler and Strand coined the new concept of pharmaceutical care, which they 

defined as “the responsible provision of drug therapy for the purpose of achieving 

definite outcomes that improve a patient’s quality of life. These outcomes are (i) cure of 

disease, (ii) elimination or reduction of a patient’s symptomatology, (iii) arresting or 

slowing of a disease process, or (iv) prevention of a disease or symptomatology.”
10

 This 

represented a revolutionary re-definition of the role of pharmacists, shifting the focus 

from the product to the end recipient of all pharmaceutical services-the patient. 

 

The philosophy of pharmacy practice introduced by pharmaceutical care was met with 

enthusiasm from pharmacy leaders.
11

  Pharmaceutical care would enable pharmacists to 

expand their professional services into new horizons to meet the demands of a rapidly 

changing complex health care system and to formalize the transformation of pharmacy 

into a fully clinical profession. Studies documented that community pharmacists spent 

most of their time performing product-related activities likes drug counting and 

dispensing and that they would prefer to spend more time on patient care services.
12

 

Thus, pharmaceutical care would also be a useful means to increase pharmacists’ 

involvement in patient care together with raising their sense of professionalism and job-

satisfaction.   
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Numerous projects and pilot trials providing pharmaceutical care-inspired services to 

their enrollees began to generate reports of those programs’ outcomes. Examples 

included programs run for Medicaid patients in Iowa,
13

 seniors with limited incomes in 

North Carolina,
14

 Minnesota Blue Cross Blue Shield enrollees, 
15

 North Carolina 

Asheville project patients, 
16-18

 patients with hyperlipidemia who participated in project  

IMPACT (Improve Persistence and Compliance with Therapy), 
19,20

 and the impact of 

Managed Pharmaceutical Care on Resource Utilization and Outcomes in Veterans Affairs 

Medical Centers (IMPROVE) study.
21,22

 

 

Appreciating the potential benefits of involving pharmacists in day-to-day encounters 

with patients, and encouraged by promising reports of early pharmaceutical care 

programs outcomes, legislation was pushed forward in Washington DC. The efforts 

culminated in the official recognition of pharmaceutical care services, named as 

Medication Therapy Management (MTM) moving forward, in the Medicare Prescription 

Drug, Improvement and Modernization Act (MMA) approved by the US Congress in 

2003 [Pub. L. No. 108-173, 117 Stat. 2066]. The MMA added a prescription drug benefit, 

via Medicare Part D, administered by insurers.
23

 MMA also required the provision of 

MTM as a quality improvement program administered to a defined subset of beneficiaries 

(patients with multiple chronic diseases, multiple Part D drugs, and high annual 

prescription drug costs) with the goal of optimizing therapeutic outcomes by improving 

medication use and reducing adverse drug events.
24

 Oversight for these programs was left 

to the CMS, with each MTM program requiring approval prior to implementation. The 
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approval process is based on cost and effectiveness reports of each MTM program.
25

 

Pharmacists were the only healthcare professional explicitly recognized by the Centers of 

Medicare and Medicaid (CMS) as MTM providers; however, other healthcare 

professionals can provide these services. Because MTM programs went into effect only 

in 2006, reports of MTM effects in the Part D population are only starting to appear in 

published literature. 
24,26-28

 Most of the results have been encouraging and supportive of 

the positive outcomes of the early pharmaceutical care programs.   

 

What is MTM? 

 

MTM “is a distinct service or group of services that optimize therapeutic outcomes for 

individual patients”. 
29

 In other words, MTM is the patient-centered pharmaceutical care-

inspired bundle of cognitive services offered by the pharmacist with the aim of 

optimizing therapeutic outcomes through efficient drug management that was recognized 

by Congress in the MMA. Figure 1 outlines the core elements of MTM services and how 

MTM integrates with other health care providers and the final recipient of the care 

process—the patient.
29
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 Figure 1: Care components of MTM services and their integration within health care delivery 

(adapted with permission from Hussein and Brown 
30

)  

 

MTM Core Elements 

 

Medication Therapy Review (MTR) 

 

The medication therapy review (MTR) involves systematic collection of the patient’s 

drug therapies information to identify drug related problems (DRP) and inappropriate 

medication utilization patterns. In addition, MTR involves determining DRPs and 

patterns that should be targeted for intervention together with developing a care plan to 

address them.  
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Personal Medication Record (PMR) 

 

This is the patient-specific record of all the patient’s current prescription and non-

prescription drugs that is created by the MTM pharmacist through interaction effective 

communication with the patient. 

Medication Related Action Plan (MAPs) 

 

This is a patient-specific document that identifies the series of actions that should be 

taken by the MTM pharmacist in order to resolve DRPs via interventions and to track the 

status of each DRP’s resolution.  

Intervention/Referral 

 

In this stage, the MTM pharmacist provides recommendations for enhancing therapeutic 

care and preventing DRPs. In practice settings where pharmacist-physician collaborative 

agreements are in effect, an MTM pharmacist can use his/her clinical training to directly 

intervene by changing a drug, adjusting the dose of a drug, removing a drug from the 

medication list.  If the pharmacist feels that the intervention needed is beyond his/her 

capacities, he/she can refer the patient to other healthcare professionals for further 

evaluation and intervention as well. 

Follow-up/Documentation 

 

This represents an integral and ongoing step of MTM services where the medication 

action plans (MAPs) and their targeted outcomes are consistently documented for regular 

follow-up visits with the patient. 
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Thus, unlike the traditional roles in pharmacy, the pharmacist, through MTM, is offering 

a new set of services including: “(i) provision of education and counseling to improve 

enrollees' understanding of their medications; (ii) coordination of health care team efforts 

to improve medication adherence; and (iii) detection of adverse drug reactions and 

patterns of improper prescription medication use” on an ongoing basis.
25

 As explained 

above, a more comprehensive evaluation of the medication related needs of patients is 

adopted through MTM services. This evaluation includes a thorough review of drug 

related needs at each MTM encounter to identify drug related problems and classify them 

as pertaining to indication, effectiveness, safety or compliance; a detailed care plan based 

on clinical needs is developed; follow-up until the drug related concern is resolved; and 

regular monitoring of improvement together with documentation of outcomes. By virtue 

of those concerted patient-focused activities, MTM drives the pharmacist’s role and 

involvement in the patient care process into new dimensions. 

 

MTM in the pharmacy field 

 

Pharmacists’ involvement in expanded patient-focused clinical roles such as MTM 

services has been a subject of debate within the US health care system.
31

 The official 

policies and structures for reimbursement for MTM services vary widely from one health 

plan to the other for Medicare patients and are not yet fully established for non-Medicare 

beneficiaries. In addition, the eligibility criteria for MTM services for Medicare 

beneficiaries have been constantly changing since MTM’s approval to include more 

disease conditions for coverage and lowering the expected annual Part D drug costs 
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thresholds over time. As of 2013, MTM is approved for provision to Medicare Part D 

enrollees who have multiple chronic conditions (with a maximum of three plan selected 

chronic conditions being the lower limit), are taking multiple Part D drugs, and are likely 

to incur annual drug costs that exceed $3,144. All Medicare beneficiaries who meet the 

above criteria as defined by each plan are automatically eligible to receive MTM services 

unless they voluntarily opt-out.
32

 On the other hand, the provision of MTM services to 

non-Medicare enrollees by commercial health plans is less defined. Each plan has the 

liberty to devise different eligibility requirements together with different MTM service 

component which makes cross-program comparisons in such a heterogonous 

environment quite difficult. Supporters of MTM (professional pharmacy societies, policy 

experts, etc.) would like to show health decision makers that tracking and evaluating 

MTM services outputs using Current Procedural Terminology (CPT) codes (approved as 

Category I codes in 2008) that MTM services result in better health outcomes, cost-

savings and positive return on investment in patients that need better medication 

management.
31

 Research is still underway and the evidence-base is still being established 

on the cost-effectiveness of MTM services, their impact on health outcomes, and feasible 

models for MTM implementation at the community level.  

 

Challenges to wider adoption of MTM 

 

One of the long standing problems in the pharmacy profession is the traditional view of 

pharmacists as drug dispensers whose major duty is to count and dispense medications to 

patients according to a prescription. This stereotypical view of pharmacists has posed 
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challenges in the efforts to transform pharmacy into a fully clinical profession.  Among 

the documented challenges to wider application of clinically-oriented MTM services at 

the community/retail level are the need for additional staff, poor access to medical 

information and non-standardized/lack of reimbursement schemes.
33,34

   

 

Since MTM services represent a more involved form of patient care, adequate time 

should be allocated to providing this service. Rather than counting the pills, providing 

instructions on usage and dispensing the drug, MTM engages the pharmacist in a wider 

set of activities that include: education and counseling about disease and medications, 

detection and prevention of adverse drug reactions/drug related problems (DRPs) and 

patterns of improper prescription medication use and active participation efforts in 

improving medication adherence.
25

 The provision of MTM requires time to prepare for 

the encounter, time for the face-to-face encounter, as well as time needed after the 

encounter to document the services, plan a follow-up and communicate the results with 

other health care team members.
35

 Thus, the provision of MTM would require additional 

staff dedicated to MTM provision without affecting the pharmacy’s traditional flow of 

cash through dispensing medications. 

 

Inadequate access to medical information represents another important barrier to MTM 

services delivery. Since comprehensive medication reviews represents an integral 

component of MTM services, access to patients’ medical records becomes imperative. 

Knowledge of all the patient’s present and past medical conditions, past and medical 
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conditions as well history of hospitalizations and other related health services utilizations 

would enable the pharmacist to craft an optimum medication action plan that takes into 

all account all of the relevant information. Obviously, the lack of access to such 

information could detract from optimum delivery of MTM. 

 

At the ambulatory level, pharmacists have been traditionally reimbursed for the cost of 

the drug and a professional dispensing fee. However, with the advent of MTM, 

pharmacists are engaged in multiple patient-focused activities as explained above. At the 

policy level, it is imperative to show that MTM services generate positive clinical and 

economic outcomes using rigorously designed and analyzed research studies in order to 

secure reimbursement for the new MTM services. Such evidence is needed by health plan 

administrators and policy makers to continue their support for MTM services 

establishment, coverage and sustainability.
36,37

 Generating robust evidence-based 

justification for the economic and clinical benefits of MTM is the role that this 

dissertation aims to fill. 

 

One of the basic tenets that should be embraced when evaluating MTM is that it should 

be held to the same standard of evidence as any new health technology. Multiple 

standards exist among which National Institute of Health and Clinical Excellence (NICE) 

is the most famous. That said, such guidelines for regular health technology assessment 

should be the framework for the evaluation process. Although many MTM programs, 

nationwide, have generated favorable results regarding the clinical and economic 
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effectiveness of MTM implementation, the majority of those reports could not follow 

such standardized guidelines for evaluation of health services strictly as noted in multiple 

reports.
25,38

 

 

As noted earlier, the collective evidence has shown that pharmacists’ involvement in 

managing drug therapy for patients with prevalent chronic diseases like diabetes,
18

 

hypertension,
18

 heart failure 
39,40

and hypercholesterolemia
15

 results in better clinical and 

economic outcomes. Despite the presence of this significant body of research regarding 

the favorable outcomes of MTM services, there still exist methodological issues with the 

evaluation procedures carried out that put their reproducibility and generalizability in 

question.  

 

One of the main methodological challenges is the design of these studies. Most of the 

published work was non-randomized studies although some endeavors that used 

randomized controlled trials (RCT) have also been reported.
26,41,42

 Despite being the gold 

standard of clinical research, RCTs seem to be less than ideal as a research design for 

assessing MTM outcomes. Assessment of MTM services would be best done based on 

real world observational data that reflect the practice patterns. Given that, further 

attention should be given to methods of analyzing currently available naturalistic 

observational retrospective/prospective data. It is unfortunate to note that many MTM 

studies had poor designs and did not include a control group to compare the results in the 

intervention group to! 
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One other issue that requires further emphasis is the assessment of the economic 

outcomes of MTM services. Methods used for cost estimation have been criticized from 

different aspects. Numerous studies assessing MTM economic outcomes reports the 

projected cost savings (which estimates costs saved due to the pharmacist intervention) 

rather than using actual paid amounts. This approach has several limitations that will be 

discussed in details in the following chapter. One related area which needs to be 

addressed as well is the method by which monetary values are assigned to the projected 

cost avoidance of a drug therapy problem.
43

 The current method used overestimates the 

cost of avoidance per adverse event which inflates the return on investment calculations 

for MTM programs. Finally, statistical methods that have been used for assessing 

economic outcomes of MTM had some limitations as well. Inadvertent use of statistical 

tests that do not take into account the special statistical characteristics of cost data could 

lead to biased estimates.
44

 

 

Thus, despite the currently available evidence on MTM outcomes, the clinical as well as 

the economic benefit of medication therapy management services, especially for patients 

with diabetes, is poorly understood. Poor design and analytic techniques have contributed 

to this phenomenon. With regards to MTM administration, there is still a gap in the 

literature about factors that make patients see MTM pharmacists frequently and whether 

such frequency would affect the outcomes. In addition, there is limited research utilizing 

real world data quantifying the improvement of medication adherence and the associated 

cost savings that could be achieved due to MTM services especially for MTM services 
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provided through commercial health plans rather than Medicare beneficiaries only. 

Finally, research on the impact of MTM on patients taking multiple medications has been 

focused to a great extent on Medicare populations with lesser emphasis on commercial 

health plan members.
27,45

 

 

Study Objectives 

 

This work has three main objectives that aim to address the current gaps in the evidence 

regarding MTM effectiveness. The objectives are: 

1) Evaluate the relationship between MTM services and the following dimensions of 

care and outcomes for patients with diabetes: 

a) Define and quantify the association between MTM services and optimal 

management of assessed by standards of Minnesota community measurement 

(MNCM) for optimal diabetes care; 

b) Define the relationship between the frequency of receiving MTM services and 

attaining optimal diabetes management goals; 

c) Evaluate the clinical predictors of the number of MTM visits received; 

d) Evaluate the impact of receiving MTM services on the total, medical and 

pharmacy costs of diabetes patients as compared to a control group; and 

e) Evaluate the impact of receiving MTM services on the total, medical and 

pharmacy costs of diabetes patients taking insulin as compared to a control 

group. 
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2) Examine the influence that MTM has on total costs, medical costs and pharmacy 

costs for patients taking multiple chronic medications (poly-pharmacy) 

a) Estimate the treatment effect of MTM on patients taking 4 or more chronic 

medications as compared to matched control group; and 

b) Estimate the heterogeneous treatment effect of MTM across subgroups of patients 

taking 4 or more chronic medications that have different likelihoods for receiving 

MTM services based on their clinical and economic burden profiles. 

3) Estimate the impact of receiving MTM on patients’ adherence to chronic medications 

for diabetes and cardiovascular disorders (insulin, oral hypoglycemic, statins, beta 

blockers, angiotensin converting Enzyme inhibitors (ACEI)/angiotensin receptor 

blockers (ARBs) using the Pharmacy Quality Alliance (PQA) endorsed metric 

proportion of days covered (PDC) 

a) Evaluate the impact of receiving MTM services on the absolute increase in PDC 

units as compared to control patients; and  

b) Estimate the effect of receiving MTM services on the probability of achieving the 

most commonly reported cut point of optimum adherence defined as 80% PDC 

or higher. 

 

Underlying Frameworks 

 

Behavioral Model of Health Services Utilization 

Andersen Health Services Utilization Model was used as a conceptual framework to 

guide the inclusion of variables that moderate the relationship between MTM services 

and utilization of health care services among chronic patients. This model offered 
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theoretical support for our empirical evaluation of the behavioral and economic outcomes 

of MTM. Andersen’s behavioral model of health services utilization is one of the most 

theoretically robust and empirically tested models for determining factors that affect 

health services utilization. The Behavioral Model of Health Care Utilization (Figure 2) 

was originally proposed by Ronald Andersen in 1968 to explain access of families to 

health care.
46

 Since then, it has provided a defining research agenda for the study of 

health care utilization. 
47

 Andersen’s framework models individuals’ utilization of health 

services as a function of their predisposition to use services, factors that enable or prevent 

their use, and their need for care. Predictors of health care spending can be identified by 

identifying factors that influence health care services utilization, because people who use 

more health care services tend to incur more health care costs. Therefore, covariates 

associated with health care utilization which in turn reflects expenditure can be 

constructed by Andersen’s Behavioral Model of Health Services Utilization. The use of 

health care services is predicted by predisposing characteristics, enabling factors, and the 

need for prescription drugs.  
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Figure 2 The Behavioral Model of Health Services Utilization 
46

 

 

Significance of the Study 

 

This study will be providing an in-depth evaluation of the impact of MTM services 

provided face-to-face on optimal clinical management, adherence to prescribed regimens, 

and health care utilization in terms of medical and pharmacy costs.  This research would 

provide insights about MTM that are relevant to many stakeholders interested in 

evaluating MTM services. For instance, CMS is currently conducting evaluations of 

MTMP that were endorsed by the MMA act.
25

 This study comes at a time when there is 

growing emphasis on improving the quality of healthcare delivery in the US. Given the 

advancing role of pharmacy and the current focus on quality improvement, establishing 

the role that pharmacists’ MTM services can play in aligning therapy goals to overall 

patient management quality measures is crucial to the advancement of the pharmacy 

profession. A demonstration that MTM services leads to an increase in optimal care 

performance rates provides evidence that pharmacists’ contributions to patient care has a 

measurable impact on improving our healthcare system.  
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Estimating the impact that MTM has on patients’ adherence to their medication regimens 

using the proportion of days covered (PDC) metric recognizes that non- adherence is a 

major health problem in the US. Estimates suggest that 25% of the US population 

currently taking prescription medications is non-adherent.
48

 Non-adherence has negative 

clinical outcomes; medical reports have shown that chronically-ill patients must be 

adherent to their medication therapy in order to achieve anticipated therapy benefits.
48,49

 

This has been reported for various diseases, among them diabetes and cardiovascular 

diseases.
49

  Medication non-adherence also represents a serious economic burden to the 

healthcare system, estimated to amount to $290 billion dollars annually due to increased 

hospitalizations, emergency room services and other medical resources consumption.
50

 

The contribution of MTM services to the reduction of non-adherence and its associated 

costs would solidify the evidence base for the positive impact of pharmacists’ expanding 

roles in the healthcare system.  

 

The potential economic benefit that MTM has on health care costs for patients taking 

multiple chronic medications (poly-pharmacy) is the focus of the third aim. In 2009, 

health care spending in the US represented 17.6% of the gross domestic product (GDP) 

and is expected to rise.
51

 All possible efforts to curb costs and improve quality of care are 

being encouraged by the federal government to counteract this phenomenon. MTM may 

prove to be an effective, long-term management strategy in achieving better quality at 

reduced costs for patients taking multiple medications. Assuming a heterogeneous 

treatment effect (MTM will have different treatment effects across patient subgroups), 
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stratifying the analysis based on disease burden and medication regimen complexities 

would shed light on patients subgroups with the highest expected clinical and economic 

gains from MTM services. This should aid with further refinement of eligibility and 

access criteria to this unique service. 

 

Lastly, given the fact that Fairview Health Services has always been providing MTM 

through face-to-face encounters -deeply rooted in the pharmaceutical care philosophy- 

with the patients, our studies utilizing Fairview-specific data would be a valuable tool in 

assessing this form of providing MTM by comparing it to results reported in the literature 

for telephone based services.
24

 This should provide some answers to one of the major 

questions being asked to AHRQ regarding the optimal design for MTM delivery 

process.
52

 

 

In summary, this study will provide practitioners and insurers with timely information 

about expected improvements in health outcomes and potential cost savings associated 

with receiving MTM, aid in optimizing designs for drug management programs for 

patients with chronic conditions, and provide health policy-relevant information about 

possible benefits of implementing medication therapy management programs for chronic 

diseases. 

 

What must be kept in mind is that evaluation of MTM programs is still at its infancy. 

Results of this dissertation research would be a valuable addition to literature that would 
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cover this gap in knowledge. The results will provide clinicians and insurers with 

projected clinical and economic benefits of MTM services and aid in recognizing 

pharmacists’ contribution to patient care, make their involvement with patients’ 

management a common practice and standardize reimbursement for their services. 
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Chapter 2: Literature Review and Critical Analyses 

 

Chapter 2 is divided into two parts. Part One briefly reviews what is known about the 

impact of MTM services on economic, clinical and humanistic outcomes. This evaluation 

will be made within the framework of the economic, clinical and humanistic outcomes 

(ECHO) model for outcomes research. Part Two is a critique of the design and analytic 

methodologies employed in the MTM evaluation literature. 

 

What is known about MTM from published literature? 

 

Conceptual Framework 

 

The ECHO comprehensive model of health outcomes research provided the framework 

for the evaluation of MTM literature.  The ECHO model (Figure 3) was first described by 

Kozma et al. in 1993 to aid researchers interested in assessing outcomes of 

pharmaceutical interventions across multiple dimensions.
53

 The ECHO model represents 

a significant improvement over the traditional clinical decision-making model, which 

evaluated interventions based on their clinical outcomes and physiological measures 

only. The ECHO model extends this traditional model by incorporating economic (e.g., 

direct and indirect costs of treatment) and humanistic (e.g., quality-of-life) components in 

addition to the clinical outcomes routinely collected in accordance with the medical 

decision-making model. This model served as a framework for guiding the collection of 
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published studies that reported the potential benefits of medication therapy management 

services for chronically ill patients. 

 

Figure 3 is an adaptation of the ECHO model applied to chronic diseases given the 

availability of MTM as a potential intervention. The model illustrates the comparison of 

the study treatment options (i.e., exposure to MTM services versus usual pharmacy care) 

and pinpoints the potential health outcomes that could be measured when evaluating 

MTM services. By studying medication therapy management with the ECHO model as a 

guiding framework, research gaps about MTM outcomes become more evident. For 

instance, the medical and pharmacy literature is replete with studies assessing 

improvement in clinical parameters and economic outcomes due to implementing MTM. 

However, information on other critical outcomes like optimal clinical management 

indices and medication adherence is not as emphasized. 

 

Due to the wide spectrum of outcomes that the ECHO model incorporates, Kozma and 

colleagues pointed out that it would be unlikely that one study could successfully capture 

information on all the potential outcomes of one pharmaceutical intervention.
53

 Instead, 

the benefits of MTM would need to be established based on a multitude of studies that 

include different populations and assess various outcomes. Consequently, the body of 

work presented in this dissertation would contribute to the existing evidence on the value 

of medication therapy management by emphasizing not only the clinical benefits, but 

economic and behavioral outcomes as well. 
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Figure 3: Application of the ECHO model components to the MTM services (adapted from Kozma et 

al. 
53

) 

 

Clinical Outcomes  

 

Clinical outcomes were the first to receive attention in the early evaluations of MTM 

services in the health systems settings. This was due, in part, to the strong clinical focus 

on pharmacist activities in these settings. Although there are a number of published 

studies on the clinical outcomes of MTM, this review focuses mainly on the most 

frequently cited articles (total number of citations as determined by Google Scholar) in 

the MTM field in detail. This includes the Iowa Pharmaceutical Case Management 
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Program, the Asheville series of studies and the Minnesota Blue Cross Blue Shield 

report. Other research reports will be reviewed briefly following that. 

Iowa Pharmaceutical Case Management program 

 

One of the earliest MTM evaluations was conducted for the Iowa Pharmaceutical Case 

Management Program. The Iowa program had similar components to a nowadays MTM 

program but did not use the name.
13

 This program was administered to Iowa Medicaid 

enrollees who were taking four or more chronic medications. Pharmaceutical care was 

delivered by 117 pharmacists who completed drug-related problems assessments, made 

recommendations to collaborating physicians about plans of action to address those 

problems and followed-up with the patients and physicians until the problems were 

resolved. Participation in the program resulted in a significant improvement in 

medication appropriateness as evidenced by the reduction in the medication 

appropriateness index from 9.4 to 8.3 (lower scores indicating more appropriate drug 

regimens). Also, a significant reduction in the number of high risk medications used 

(identified using the Beer’s list) when compared to a cohort of Medicaid patients who did 

not receive the intervention over a follow-up period of nine months was observed in 

patients who participated in the pharmaceutical case program (43.4% to 32.6%  vs. 

35.8% to 34.4%). The authors used a pre-post design with a concurrent control group for 

evaluating both outcomes. 
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 Asheville study 

 

 The most frequently cited MTM demonstration project in the literature, the Asheville 

Study, reported on the impact of receiving a comprehensive set of clinically oriented 

MTM services for patients with hypertension, hyperlipidemia, diabetes and asthma.  The 

design was a pre-post, longitudinal, repeated-observations study. The Asheville model 

consisted of community-based, long term MTM services offered to patients with chronic 

diseases insured through two employers located in Asheville, North Carolina, by 

community and hospital pharmacists.  For patients with hypertension, those enrolled in 

the MTM program were reported to have a continuously significant reduction in their 

mean systolic pressure over the course of a longitudinal follow-up reaching an 11 units of 

mm Hg reduction by the end of the 6-years follow up period (137.3 to 126.3 mm Hg).
16

 

Similar trends were observed for the reductions of the mean diastolic blood pressure 

which showed an absolute significant decrease of 4.8 mm Hg units (82.6 to 77.8 mm Hg) 

as well as the proportion of patients who were meeting their predefined blood pressure 

goal which significantly increased (40.2% to 67.4%) by the end of a 6 years of follow-up. 

For patients with hyperlipidemia, mean low-density lipoprotein (LDL) significantly  

decreased as well (127.2 to 108.3 mg/dl).
16

 A similar pattern was observed for the mean 

total cholesterol, which was significantly reduced over the course of receiving MTM 

services (211.4 to 184.3 mg/dl). The proportion of patients meeting their predefined LDL 

goal was also significantly increased (49.9% to 74.6%). The study also reported an 

approximate reduction of 50% in the rate of cardiovascular events.  
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In diabetes patients, the Asheville program participants experienced reductions in their 

glycosylated hemoglobin levels (HbA1c) at all the follow-up visits over the 5-year study 

period (7.9 to 6.8 HbA1c%). The proportion of patients meeting the optimal HbA1c 

levels also increased at each visit (38.2% to 63.6%). 

 

Similarly for asthma program, 55% of 207 asthma patients exposed to MTM services 

through the Asheville project experienced improvement in their asthma severity 

classification.
17

 Moreover, among the 84 patients who had at least one follow-up visit 

after the baseline year, a 9% increase in forced expiratory volume (FEV1) measurements 

(81% to 90%) was noted. Finally, emergency room visits decreased from 9.9% to 3.3% 

after program implementation and hospitalizations decreased from an annual rate of 4% 

to 1.9%.  

 

To summarize, the Asheville project showed that MTM services were successful in 

improving the clinical outcomes of patients across multiple chronic disease areas.  The 

Asheville project was instrumental in bringing attention to the potential benefits of MTM 

services in patients with chronic diseases like diabetes, hypertension, hyperlipidemia and 

asthma. Due to its wide spread success, the Asheville project was later used as a role 

model in what became known as the Diabetes Ten Cities Challenge that evaluated MTM 

outcomes in the community settings in 10 different cities across the US.
54,55

 Nonetheless, 

an obvious shortcoming of the Asheville project’s clinical results is using a pre-post 
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analysis with no employment of a concurrent control group. This limitation, and others, 

will be discussed in details in the critical analyses portion of the chapter. 

 

Minnesota Blue Cross Blue Shield (BCBS) study 

 

Being a leader in the conceptualization and application of the pharmaceutical care 

philosophy through MTM services, one of the most influential and highly cited articles 

that evaluated the clinical and economic outcomes of MTM services came out from 

Minnesota. Issetts and colleagues compared the clinical outcomes of MTM for patients 

who received care at a large, integrated health system’s outpatient clinics staffed with 

MTM pharmacists to a control group of patients who received care at the health system’s 

clinics that did not offer MTM.
15

 The study sample included patients with hypertension 

and hyperlipidemia for comparison. The study’s comparative clinical outcomes were 

proportion of patients meeting their therapeutic goals and the status on meeting HEDIS 

(Healthcare Effectiveness Data and Information Set) 2001 goals.
56

 The analysis showed 

that the proportion of MTM patients meeting goals of therapy increased from 76% at 

baseline to 90% after exposure to MTM. Compared to the control group, 71% of the 

MTM patients with hypertension met HEDIS goals, whereas 59% met the goals in the 

control group (p-value=0.03). For hyperlipidemia patients, similar results were observed; 

52% of the MTM group met HEDIS goals versus 30% only for the Non-MTM group (p-

value=0.001).The study also reported a reduction in the number of drug therapy problems 

for the MTM group. Thus, the Minnesota BCBS experience with MTM services was 

successful overall. 
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 Other studies 

 

Pindolia et al. conducted one of the earliest evaluations of an MTM program’s clinical 

outcomes delivered to Medicare population in the post MMA era.
57

 Among the clinical 

outcomes measured in the patients who received MTM service, patients with arthritis had 

a significant reduction in gastrointestinal bleeds as compared to eligible patients who 

declined participation in the MTM program (p = 0.001). Moreover, there was a 60% 

relative reduction in the rate of gastrointestinal bleeds for arthritis patients in the six 

months that followed enrollment in the MTM program as compared to the six months 

preceding enrollment (p = 0.007). 

 

Also, Fox et al. evaluated the impact of MTM services on meeting LDL-cholesterol 

HEDIS goals among Florida Medicare patients with diabetes who received the MTM 

service as compared to 2 non-equivalent control groups.
58

 The authors found that patients 

who received MTM had a significantly higher proportion of patients meeting the LDL 

goal of <100 mg/dl (69% in MTM group vs. 50% and 54% in the two control groups, 

p<0.001) together with a lower average LDL values as compared to the control groups 

(83.4 mg/dl    vs.90.8 and 93.6mg/dl, p<0.001). 

 

 Other studies include one report evaluating the outcomes of a pharmaceutical care 

program for patients with hypertension administered through a chain of community 

pharmacies. The reported result was a significant reduction in systolic blood pressure.
59

 

Among patients receiving pharmaceutical care who were not adequately controlled at 
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baseline, 50% were controlled at follow-up as compared to 22% of patients who had the 

usual care. Moreover, pharmaceutical care patients had a mean reduction of 9.9 mmHg in 

their systolic blood pressure as compared to a reduction of 2.8 mmHg only in the usual 

care patients (p-value <0.05).  

 

Finally, Welch et al. evaluated the impact of an MTM program administered to 459 

Medicare home-based beneficiaries served by a health maintenance organization (HMO) 

in the Denver/Boulder metropolitan area who opted in for the service as compared to 336 

beneficiaries who opted out. Multivariate analyses showed that enrollees who were 

exposed to MTM were less likely to die using an all-cause mortality as the outcome (odds 

ratio=0.5, p-value<0.05) but they were more likely to have a hospitalization (odds ratio 

=1.4, p-value<0.05).
28

 

 

In summary, the most frequently cited studies assessing the impact of MTM services on 

clinical outcomes reported significant improvement upon interaction with an MTM 

pharmacist despite using different study designs, employing different analytic techniques 

and evaluating MTM programs that might differed in their care components. 

 

Economic outcomes 

 

In a health care economy striving for optimal patient outcomes despite constrained 

resources, economic evaluations of novel health services become a must. Since the 

inception of the MTM concept, health plan and pharmacy benefits administrators and 

MTM advocates have been alert to the abovementioned need. This is why there had been 
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a focus on economic evaluative activities of MTM services that went hand in hand with 

the clinical outcomes evaluation being carried out. The economic outcomes of MTM 

reported in the literature, however, differ depending on the setting and the components of 

the program under evaluation.  

Iowa Pharmaceutical Case Management program 

 

The Iowa Medicaid pharmaceutical case management program, described previously, did 

not find significant differences in health care utilization or charges between 524 MTM 

and 1,687 non-MTM patients during a 9-month follow-up period.
13

 Despite the non-

significant findings with regards to differences in emergency room, inpatient, outpatient 

number of visits and charges between MTM and non-MTM groups, the study was among 

the earliest economic evaluations reported for MTM.  Thus, those results were 

understandable given that MTM delivery process was still maturing.  

Asheville study 

 

The Asheville project reported consistent cost savings across the four diseases for which 

MTM services were implemented. For the 620 patients enrolled in the hypertension and 

hyperlipidemia program, the mean reduction in the cardiovascular related medical costs 

was 46.5% whereas the cardiovascular-related drug costs increased by 290%.
16

 In 

addition, the mean cost per cardiovascular event decreased from $14,343 at baseline to 

$9,931 upon intervention. In the diabetes program, the mean medical cost per member 

per year decreased in all the five follow up years compared to the baseline year, whereas 

the drug costs decreased in all the five follow up years.
18

 This resulted in an overall 
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reduction in the total health care costs. The indirect costs also decreased with a reduction 

in the annual number of sick days and an expected cost savings of $18,000 per year. For 

the asthma cohort, the total annual cost savings were estimated to be $1,955 per patient 

with $725 savings in direct costs and $1,230 in indirect costs due to reducing missing 

workdays from 10.8 days/year to 2.6 days/year.
17

 

Minnesota Blue Cross Blue Shield (BCBS) study 

 

In the Minnesota BCBS MTM program, the 186 patients who had continuous health plan 

enrollment (out of 286 patients enrolled initially) had a reduction of 31.5% in the average 

expenditure per person ($11,965 to $8,197) but the drug costs rose by 19.5% in a pre-post 

analysis.
15

 When the costs of providing MTM services to the patients were taken into 

account, together with the reduction in the medical costs attributable to MTM, the authors 

reported an impressive 12:1 return on investment ratio. 

The Minnesota clinic-based MTM program 

 

One of the earliest providers of MTM services is a mid-western integrated healthcare 

system made up of “a network of hospitals, primary care clinics, specialty clinics, and 

retail pharmacies that serves throughout greater Minnesota and the Upper Midwest”.
43

 

This healthcare system has been providing MTM services to outpatient clinics’ patients 

since 1998.
43

 De Oliveira et al. retrospectively analyzed data from electronic medical 

records on MTM services provided to 9,068 patients receiving care at 48 outpatient 

clinics within that healthcare system over a 10-years period (1998-2008). Using 

pharmacists’ estimated cost avoidances/savings calculation, MTM services saved a total 
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of $2,913,850 which translated into a savings of $86 per MTM encounter. Assuming the 

total cost of providing MTM services was $67 per encounter, the authors calculated an 

estimated return of investment of $1.29 for each $1 spent on MTM services. 

 

Other studies  

 

Other studies also reported economic outcomes of MTM programs, among which was an 

MTM long term care poly-pharmacy initiative that provided MTM services in North 

Carolina. Although the pharmacist interventions were variable (retrospective 

interventions, prospective interventions together with review only, recommendation or 

drug change intervention types), they collectively resulted in estimated cost savings of 

$21.63 per member per month (PMPM) across multiple cohorts of patients.
60

  

 

Ward et al. compared the total health costs of 432 patients enrolled in a Medicare 

Advantage Prescription Drug plan who received MTM via phone to a control matched 

cohort.
27

  Their analyses revealed that patients exposed to telephonic MTM had $3,680 

less total costs on average in the 9-months period that followed the intervention 

compared to an increase of $393 in total costs for the control group. Multivariate 

difference-in-differences analyses showed that the MTM group had a 24% average 

reduction in their total health care costs in the post-intervention period as compared to the  

control group, with the reduction in medical costs being the main cost reduction driver. 

Finally, an MTM program administered to 459 Medicare home-based beneficiaries who 

opted in for MTM services showed that enrollees who were exposed to MTM had a 



 

 33 

higher odds ratio (odds ratio=1.4, p-value<0.05) for incurring higher drug costs as 

compared to 336 patients who opted out.
28

 

 

In summary, most studies that evaluated the economic outcomes of MTM services 

reported cost reductions following the interaction with an MTM pharmacist. However, 

design and analytic shortcomings detected in those reports warrant caution when those 

results are to be utilized. 

 

Humanistic/Behavioral outcomes 

 

The literature review indicated that studying humanistic/behavioral outcomes of MTM 

services like quality of life and adherence/persistence was not emphasized to the same 

extent as clinical and economic outcomes.  

Iowa Pharmaceutical Case Management program 

 

The authors of the study reported the SF-36 physical and mental composite scores for the 

two comparison groups. Despite being lower than the national averages, the 2 groups’ 

differences were not statistically significant from each other. The authors did not assess 

any improvement/deterioration in the quality of life dimensions in the study participants 

in the follow-up period.
13

  

Asheville Project 

 

The Asheville project for diabetes,
18

 hypertension and hyperlipidemia patients
16

 did not 

report any quality of life results. However, the asthma project reported the difference in 
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patient responses to the Asthma Outcomes Monitoring System (AOMS) Questionnaire, 

which assessed asthma severity and how it affected five different dimensions (troubling 

by shortness of breath, troubling by wheezing attacks, restricted walking uphill, limiting 

performance at work and feeling that asthma controls one’s life) of asthma patients’ 

quality of life using a 1-4 items format series (a higher score indicated more severe 

symptoms).
17

 Pre-post analysis showed a significant improvement (score reduction) in all 

the five dimensions (troubling by shortness of breath dropped from 2.6 to 1.9, troubling 

by wheezing attacks dropped from 2.1 to 1.5, restricted walking uphill dropped from 2.5 

to 2, limiting performance at work dropped from 2.0 to 1.7 and feeling that asthma 

controls one’s life dropped from 1.8 to 1.4) upon exposure to MTM. 

Minnesota Blue Cross Blue Shield (BCBS) 

 

One of the main strengths of Minnesota BCBS study was the assessment of all the 

outcomes dimensions of MTM services. For the humanistic outcomes, the authors used 

the short form health survey version 2 (SF-12v2) to assess changes in quality of life 

domains resulting from exposure to MTM. They reported a significant improvement in 

physical role, social functioning and physical component summary scale six months after 

the initial MTM visit (P-values=0.01, 0.014 and 0.024 respectively). Moreover, this study 

used CAHPS (the Consumer Assessment of Health Plans) questionnaire to assess 

patients’ perceptions of care. Using CAHPS, the authors reported a trend for higher 

ratings of “patients’ personal doctor/nurse and doctors’ communication” in the MTM 

group.
61

 



 

 35 

Other studies 

 

One of the earliest-and most robust-evaluations of the impact of pharmacy services on the 

health-related quality of life/patient satisfaction were conducted by Malone et al. who 

evaluated the effect of ambulatory pharmacists’ services on quality of life as measured by 

SF-36 for veterans who had a high risk for medication related problems.
62

 The study used 

a randomized controlled design which was carried out in nine Veterans medical centers. 

The authors reported that patients who had pharmacists’ interventions had a smaller rate 

of decline in their bodily pain as well as their rating of the change in health status at 12 

months post intervention (P-value <0.004). However, those changes were deemed 

insignificant clinically.
62

  

 

Another evaluation of quality of life/patient satisfaction was carried out by Moczygemba 

et al. who assessed patient satisfaction with telephonic MTM program administered to a 

Texas-Medicare Part D health plan enrollees via a 15-item mailed questionnaire. Among 

the different questions asked, the respondents were most satisfied with ease of contacting 

the MTM pharmacist, adequacy of answers provided by MTM pharmacists to the 

patients’ questions and an overall satisfaction with receiving MTM services via the 

telephone.
63

  

 

With regards to behavioral outcomes, Nietert et al. examined the impact of two forms of 

pharmacists’ intervention namely: contact with the patient and contact with the patient’s 

prescribing physician on the time to refill prescriptions (a measure of medication 
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persistence) for chronic diseases using a controlled randomized trial design.
 20 

The trial 

was carried out in nine pharmacies situated in a grocery store chain in South Carolina. 

When the time to refill prescriptions in the two pharmacists’ intervention arms were 

compared to the usual care arm within a multivariate cox proportional hazards model, no 

significant differences were observed between the three study groups.
64

 

 

Hirsch et al. examined the impact of an MTM program administered to HIV patients 

enrolled in Medi-Cal (California Medicaid) plans on medication adherence as well.
65,66

 

Multivariate analysis showed that HIV patients who filled more than 50% of their 

antiretroviral medications (ART) at community pharmacies that offered MTM services 

were more likely to be adherent to their ART therapy using the proportion of days 

covered as the metric (PDC) (odds ratio= 2.74, p-value <0.01). 

 

 In a different study, Zillich et al. reported on the experiences of 1,007 Medicaid patients 

who participated in an MTM program combined with specialized medication packaging. 

The proportion of patients exposed to MTM had a higher likelihood of being adherent 

across 10 different therapeutic classes using the medication possession ratio (MPR) as the 

metric (odds ratio=7.8, p-value<0.001).
67

 On the other hand, Moczygemba et al found 

that telephone-based MTM services did not improve adherence (measured by MPR) in a 

sample of Medicare part D patients.
24
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Finally, Shimp et al. examined medication adherence (measured by MPR) in 128 

University of Michigan health promotion enrollees taking seven or more prescription 

medications who received MTM services as compared to a group of control patients in 

randomized controlled setting. The study reported no improvement in medication 

adherence (measured by MPR) for MTM interventions as compared to a control group.
68

 

 

In summary, the impact of MTM services on improving the quality of life dimensions 

and behavioral outcomes like medication adherence is ambiguous. Many studies failed to 

show any improvement in those two relevant outcomes upon exposure to MTM services. 

 

 A critical analysis of research designs and analytic methods in MTM literature 

 

 

Despite the fact that MTM services have been implemented and evaluated in the health 

care field for a period that exceeds 10 years as of 2012 and that there are more than 50 

articles that reference MTM, significant methodological shortcomings exist.
69,70

 These 

concerns are evident in some of the most widely cited studies that have evaluated MTM 

programs. If pharmacy practitioners and scholars are to assess outcomes of MTM 

programs—clinical, economic and humanistic—rigorously, these concerns need to be 

addressed and remediated. In reviewing the MTM literature, it was noteworthy to observe 

that the studies considered to be the landmark studies alerting the pharmacy community 

and the public to the potential benefits of MTM services have used some of the weakest 

study designs. Because of this, the reported results, estimated cost savings and 
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conclusions may not be considered strong enough to compel financial remuneration for 

the MTM services provided. 

 

 It is important to state here my firm belief in the beneficial outcomes that MTM services 

can contribute to patient care. However, in a quantitative research field like health 

services research, strong quantitative evidence generated through robust and sound 

methodologies is the only accepted language. The remainder of this chapter will address 

these concerns together with suggestions for improving the rigor and quality of MTM 

evaluation efforts.  

Design Concerns 

 

 

It has been long established that randomized controlled trials (RCTs) are the gold 

standard of clinical research as they provide the highest level of internal validity and 

avoid bias associated with imbalance in confounding variables.
71

 However, RCTs suffer 

from several limitations (most notably low external validity and high costs of 

implementation) that have given rise to concerns about their practicality and 

generalizability to the practice setting.
72

 Given the nature of MTM services and the 

complexity of care delivery processes inherent to the U.S. health care system, RCTs seem 

to be less than ideal as a research design for drawing causal inferences that show the 

evidence-based outcome of a population health program like MTM.
73

 Assessment of 

MTM services would be better executed utilizing real world data that reflect currently 

existing practice patterns. RCTs, in contrast, are usually carried out in artificially 
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controlled environments that may not provide a picture of actual experience. RCTs 

usually provide evidence of efficacy rather than effectiveness where the latter is always 

the estimate of interest for policy and decision makers.
73

 Nonetheless, some endeavors 

that used randomized controlled trials (RCT) to evaluate MTM programs have been 

reported in the literature.
26,41,42

 

 

A main source of data for evaluating MTM programs is observational data obtained 

under non-experimentally controlled conditions. In general, observational study designs 

have low internal validity due to the non-random assignment mechanisms of the design.
74

  

Even within the realm of observational data, the quality of study designs vary with 

respect to rigor and validity for drawing causal inferences and conclusions. The field of 

MTM evaluation is, unfortunately, replete with observational studies of less than optimal 

design. For instance, the Asheville study-one of the most prominent studies in the field of 

MTM evaluation- used a pre-post design with no control group.
16-18

 Absence of control 

groups limits the ability to draw causal inference about the relationship between exposure 

and outcomes. Any observed changes in the outcome after receiving the treatment could 

easily be attributed to a multitude of factors not related to the treatment like history or 

maturation.
74

 Even under the assumption of the absence of such factors, patients who 

participated in the study and were used as their own controls could have improved simply 

due to the fact that they were more willing to act on the MTM pharmacist’s advice. This 

problem of dependence on historical controls rather than using external control group 

patients has likely affected the clinical and economic outcomes reported by the Asheville 
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study authors. This same issue applies to the often-cited Blue Cross/Blue Shield study of 

Minnesota.
15

 Although this specific study used a control group for the clinical analysis, 

their economic analysis used the same group of patients’ historical data as a control. This 

could have been one of the reasons behind the dramatic 12:1 return on investment (ROI) 

value that was reported by this study; an ROI at that level has not been replicated in any 

other published MTM evaluation that followed. 

 

Inclusion of a control group would help remediate the threats to validity that are present 

in several MTM studies published to date. Yet the use of a control group remains the 

single greatest shortcoming present in the published literature.  For instance, the study 

that reported a return on investment of $1.29 per each $1 spent on MTM services at the 

Minnesota clinic-based MTM program did not employ a control group.
43

 A control group 

was also not included in a study that assessed the outcomes of PHARMAssist program 

delivered to seniors with limited outcomes in North Carolina,
14

 and the CMS 

demonstration project carried out in Connecticut to evaluate the impact of MTM services 

delivered to Medicaid patients. This is why I believe that the latter study’s findings that 

MTM resulted in an estimated annual saving of $1,123 per patient on drug costs and $472 

on medical costs should be interpreted with caution.
75

 

 

 It should be highlighted, however, that the mere inclusion of a control group does not 

entirely address the design concern. The attributes of the control group used in a 

comparative analysis also requires careful consideration. A control group is usually used 
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to predict the counterfactual outcome that would have been observed in the intervention 

group-patients who received MTM- if they had not received the intervention.
76

 

Accordingly, sufficient care should be given to the choice of members who comprise the 

control group to make them as similar as possible to the intervention group.
76

 Such 

similarity would enable using simple bivariate testing like t- and Chi-Square testing for 

comparing outcomes between the study groups. If such similarity is not achieved through 

design, analytic techniques like multivariate modeling and propensity score modeling
77,78

 

should be employed.  A salient example of the inadequacy of the mere inclusion of a 

control group was the Minnesota BCBS study. Despite the commendable effort to include 

a control group in that study, the description of the control group characteristics was not 

adequate to establish its usefulness. The authors describe the control group as “similar to 

intervention group patients in terms of age, gender, and presence of study medical 

conditions,” but did not include comparisons on how the two groups might differ on other 

potential confounders like number of comorbidities, measures of disease severity, 

prescription drug use profiles and history of hospitalizations. In addition, the authors did 

not test statistically for any differences between the intervention and the control group 

with regards to the aforementioned variables: age, sex and number of study conditions. A 

similar flaw was also observed in a research report that evaluated the effect of a team-

based MTM program implemented in Minnesota on reducing median costs and meeting 

optimal performance benchmarks between clinics that implemented the MTM program 

and clinics that did not.
79

  Although the authors reported a reduction in overall health care 

spending and a higher proportion of patients meeting optimal diabetes goals compared to 
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state wide performance among patients seen at the MTM clinics, there was no indication 

of how the patients who were seen in the two types of clinics (MTM vs. non-MTM) 

differed in terms of the chronic conditions distribution, severity of clinical presentation 

and relevant clinical confounders that could affect the estimated treatment effect of 

MTM. In addition, the authors used the median to report the differences in costs rather 

than the mean.  Mean values are the preferred measures for reporting estimates that 

inform policy decision and public health interventions; only the mean statistic could be 

multiplied by the total number of population of interest to arrive at a total expected 

cost/benefit.
80

 

 

One last concern to address regarding study design is the ability to attribute the outcomes 

to MTM intervention when other co-occuring interventions exist. A frequent co-existing 

intervention is incentivizing patients’ participation in MTM programs through copayment 

waiver or other benefits. One salient example is the design of the Asheville study, where 

enrollment in the MTM program was incentivized through reduction of the drug 

copayments.
16

  In such setting, future increase or decrease in utilization and subsequent 

impacts on costs could not be attributed solely to MTM. The copayment reduction is very 

likely to have affected the healthcare costs and utilizations, a phenomenon consistently 

demonstrated for numerous disease areas starting from the Rand Health Insurance 

experiment.
81

 This methodological concern, where an outcome cannot be solely attributed 

to a study intervention, is commonly referred to as the identification problem.
76

 A similar 

problem was noted in the evaluation of Medicaid patients’ outcomes who participated in 
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an MTM program combined with specialized medication packaging service.
67

 Although 

the study demonstrated that the proportion of patients who were exposed to MTM had a 

higher likelihood of being adherent across multiple drug classes, the fact that specialized 

medication packaging was coupled with the MTM intervention makes attribution of the 

improved adherence to MTM only questionable and the evaluation of the pure impact of 

MTM on medication adherence quite challenging. 

Measurement and Analytic Concerns 

 

 

The estimation of the economic benefits of MTM represents a major focus for the MTM 

literature. In 2009, health care spending in the US represented 17.6% of the gross 

domestic product (GDP).
51

 MTM is a very promising tool that can address one of the 

long standing economically burdensome problems in the US healthcare system, namely 

drug-related adverse events. This is of crucial importance because research reports have 

shown that adverse drug events resulting from drug therapy problems burden the health 

care system with more than $170 billion annually from both mortality and morbidity.
9
 

Thus, the following section is dedicated to methodological concerns with measuring and 

analyzing economic benefits of MTM services. 

 

From the measurement standpoint, methods used for cost estimation have been evaluated 

from several aspects. Numerous studies assessing MTM report cost savings attributed to 

the MTM pharmacist intervention using the projected cost avoidance methodology. This 

has been shown to result in estimates higher than the actual costs.
82

 One other limitation 



 

 44 

of the projected cost avoidance that needs to be highlighted is the method by which 

monetary values are assigned to the projected cost avoided by resolving a drug therapy 

problem. For example, if a pharmacist changes a medication regimen because the dose 

was too low or because it was unnecessary, the cost saving that is usually recorded with 

this action would be the cost of treating the potential adverse event that could have 

resulted because of this therapy problem or the cost of an emergency room admission or 

office visit that was avoided. This implies that the probability that this negative outcome 

will happen or that the patient will go to the physician or emergency room is assumed to 

be unity. This assumption is an exaggeration of the actual realistic probability because 

patients can have such drug therapy problems and still not need medical assistance, let 

alone the fact that the patients might not even experience the negative outcome that 

requires medical attention at all. Thus, statistically speaking, assigning a probability of 

one to the occurrence of an adverse event and accordingly needing medical services 

inflates the cost savings. This point is illustrated in the following example 
43

 

 



 

 45 

 

 

Figure 4 A simple decision tree showing alternative paths for a patient experiencing a medication 

related problem 

 

The flaw in the estimated costs arises because the projected cost avoidance method 

assumes that the probability (P) that the patient would need an ER visit in the above 

scenario is always equal to 1, which is inaccurate. This example could be easily extended 

to other drug related problems like the need to decrease the dose, add a new therapy or 

remove an unneeded medication from the regimen. In addition, this method of estimating 

the avoided cost does not take into account the cost of new therapy that could have been 

added as an intervention from the MTM pharmacist. Unfortunately, the method of 

estimated cost avoidance that assumes (P=1) has been used in many studies that 

evaluated MTM like the Minnesota clinic-based MTM program
43

 and Barnett et al. seven 

years of evaluation of MTM programs implemented in community pharmacies.
83
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Finally, the statistical methods that have been used for assessing economic outcomes of 

MTM have limitations as well. Inadvertent use of statistical tests like t-tests that do not 

take into account the special nature of cost data (non-linearity, skewness, significant 

proportion of zero observations and heteroskedasticity) could lead to biased conclusions 

derived from unadjusted estimates.
44

 T-tests were used extensively in MTM literature to 

measure the change in medical and pharmacy expenditures, notably in the Asheville 

series of studies and Minnesota Blue Cross Blue Shield program.  

 

Moreover, the health care cost as an outcome is a complex variable that is affected by a 

multitude of confounding factors. Thus, multivariate models are more suited for teasing 

out the treatment effects of MTM on health care costs in the presence of other 

covariates/confounders.
44

 Reliance on bivariate comparisons of costs for drawing-or 

aiming to draw- causal links between exposure to MTM and reduced health care costs 

should be altogether abandoned. 

 

In summary, the review of the MTM evaluation literature identified considerable gaps 

with regards to the outcomes studied and the rigor of the methods utilized to assess those 

outcomes.  

 

Addressing Methodological and Analytic Concerns 

Design Concerns 

 

One of the potential solutions to the major threats to validity in MTM evaluation studies 

would be to include a control group with clinical/economic profiles similar to the 
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intervention group. A control group helps researchers determine the counterfactual 

outcome that would have been observed in the intervention group had the treatment not 

been administered to them. Given the prevalence of observational/retrospective designs 

where random assignment of study subjects to treatment arms is missing, in evaluating 

programs like MTM services, propensity score matching
77,78

 would be a very useful 

technique for forming such similar/exchangeable groups. Briefly, propensity score 

models match treated patients (patients who received MTM) to control group patients 

who have a very similar probability of being treated.
78,84

 This probability is usually 

derived from logistic regression models that estimate the probability of being exposed to 

the treatment (MTM) based on baseline patient characteristics. Using propensity scores 

helps balance patients on observed covariates and minimizes biases that could result from 

unequally-distributed baseline characteristics of the treatment and control groups.
77,78

 If 

using propensity scores is not amenable, however, due to limited control patients’ pool, 

analytic techniques like multivariate modeling that control for potential confounders 

would be another potential solution.  

 

Another source of bias could result from imbalance between the two study groups with 

regards to unobserved covariates. Econometric literature provides multiple solutions for 

addressing this threat to valid causal inferences. The instrumental variable (IV) approach 

is considered the most theoretically robust estimator that minimizes biases due to 

unobserved covariates.
85,86

 An instrument is a variable that directly affects the treatment 

assignment mechanism while having no association with the expected outcome except 
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through operating on the treatment assignment pathway. Despite its theoretical 

advantages, finding variables that satisfy the IV assumptions in real practice is quite 

challenging. In addition, research has shown that using weak instruments (i.e., ones that 

do not satisfy the IV assumptions adequately) could introduce more bias than it 

resolves.
85,87

 

 

An alternative econometric approach for addressing biases resulting from unmeasured 

covariates is the difference-in-differences (DID) approach.
88,89

 This modeling approach is 

suitable when both treatment and control groups are observed pre and post treatment and 

the trend in their outcomes could be assumed to be parallel over time.
90

 The DID 

approach has the advantage of cancelling out the unobservable covariates since each 

person acts as his/her own control in this model setting. Under the assumption that 

baseline covariates are time-invariant, the DID estimator could provide valid causally 

interpretable inferences about the treatment effects. When randomization to treatment 

arms is not feasible, Using DID estimation has been suggested as the next strongest 

analytic approach for analyzing MTM outcomes in a report prepared for the Centers for 

Medicare and Medicaid Services (CMS).
91

 

 

Measurement and Analytic Concerns 

 

From the measurement standpoint, methods used for cost estimation could be improved 

along multiple dimensions. Studies assessing the economic impact of MTM should 

refrain-whenever possible- from using projected cost savings methods based on 
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pharmacist estimation. The projected cost savings method accuracy has never been 

validated in the literature. 
91

The limitations of this method have been explained earlier in 

this chapter. A more robust estimate could be derived from using medical and pharmacy 

claims. Healthcare claims have been used for more than a decade for exploring trends in 

healthcare utilization and costs. Claims data have the advantage of reflecting the real-

world picture of the impact of MTM on costs and outcomes rather than the dependence 

on cost models based on assumptions of avoidances that could not be verified 

empirically. 

 

With regards to modeling healthcare costs in multivariate regression frameworks, 

analytic approaches that take into account the statistical characteristics of cost data should 

be utilized. Health care cost data are usually characterized by frequency distributions for 

which standard statistical modeling techniques are inadequate.
92

 Cost data have skewed 

distributions, heteroskedasticity, and are likely to have a significant proportion of 

observations at zero. There has been a wider adoption of generalized linear models with 

log link functions as a powerful class of models for analyzing health care cost data in the 

health outcomes evaluation field in the recent years. One useful variant of those models is 

generalized linear model that employ logarithmic link functions to account for skewed 

cost distributions while correcting for heteroskedasticity through flexible relationships 

between the mean and variance of the costs.
92,44

 Other models that could prove to be 

useful for modeling healthcare cost data would be two-part models suited for modeling 

cost distributions with significant proportions of zero observations.
44
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What follows will be a series of manuscripts that aim to evaluate MTM program 

outcomes not previously assessed, delivered in multiple settings, using different patient 

populations and employing analytic strategies selected to provide a deeper understanding 

of MTM services. Each of the manuscripts (presented as their final published format or in 

the submitted version format) addresses one or more of the research objectives identified 

in Chapter 1. 
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Chapter 3: Optimal Diabetes Care Outcomes Following Face-to-Face Medication 

Therapy Management (MTM) Services. 

 

 Brummel AR, Soliman AM*, Carlson AM, Oliveira DR. Optimal Diabetes Care 

Outcomes Following Face-to-Face Medication Therapy Management (MTM) Services. 

Population Health Management, 2013 Feb;16(1):28-34. 

 

*With copyright permission 
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Abstract 

 

Pharmacists play an integral role in influencing resolution of drug related problems. Little 

attention has been given to the pharmacist’s potential for aligning medication therapy 

goals to meeting overall patient management quality measures. This study examines the 

relationship between a pharmacist-led and delivered medication therapy management 

(MTM) program and achievement of Optimal Diabetes Care benchmarks.  Data within a 

large healthcare system was used to identify a group of patients with diabetes who had 

received MTM services during a 2007 demonstration project (n= 121) and a control 

group who were invited to receive MTM services but opted out (n= 103). Baseline 

characteristics were compared between the two groups. Rates of achieving optimal 

diabetes clinical management for both groups were compared using the D5 diabetes 

measure for years 2006, 2007 and 2008. This includes five-components of optimal 

diabetes care and a composite “all-or-none” measure.  The five components are:  HbA1c 

(<7%); LDL (<100mg/dl); blood pressure (<140/90 mmHg); tobacco free and daily 

aspirin use. Multivariate Differences in difference (DID) estimation was used to 

determine the impact of 1-year of MTM services on each component independently. 

Patients who opted in for MTM had higher Charlson scores, more complex medication 

regimens and a higher percentage of diabetes with complications (p-value <0.05). In 

2007, the percent of diabetes patients optimally managed (meeting all 5 measure 

components) was significantly higher for MTM patients compared to their rates in 2006 
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(21.49% vs. 45.45%, p-value<0.01). Non-Linear DID models showed that MTM patients 

were more likely to meet the HbA1c criterion in 2007 (OR: 2.48, 95% CI: 1.04-5.85, 

p=0.038). Linear DID models for HbA1c showed a mean reduction of 0.54% (95% CI: 

0.091%-0.98%, p=0.018) for MTM patients. An MTM program contributed to improved 

optimal diabetes management in a population of patients with complex diabetes clinical 

profiles. 

Background 

Pharmacy, as a professional practice, has witnessed enormous change over the last 40 

years, becoming increasingly involved in patient care and evolving to a more patient 

oriented practice. This evolution has been accompanied by greater recognition of clinical 

services as an integral part of professional practice. Striking statistics showing the 

relationship between mortality and morbidity and improper drug therapy
9
 called for a 

new paradigm of pharmacy practice placing drug therapy optimization at its core. That 

was the motive behind coining the term “pharmaceutical care”. 

 

 Pharmaceutical care has been defined as “the responsible provision of drug therapy for 

the purpose of achieving definite outcomes that improve a patient’s quality of life”.
10

 

These outcomes can include cure of disease, elimination or reduction of a patient’s 

symptoms, slowing of a disease’s progression or disease prevention.
10

 The proponents of 

pharmaceutical care stressed the need for this practice in the community setting where 

most patients normally acquired their medications. The philosophy was embraced by 

pharmacists and pharmacy organizations and culminated in the official recognition of 
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pharmaceutical care practices in the Prescription Drug, Improvement and Modernization 

Act (MMA) approved by Congress in 2003. The MMA added a prescription drug benefit 

via Medicare Part D that is administered by insurers.
23

 

 

Small projects and pilot trials have generated evidence of economic, clinical and 

humanistic (quality of life) benefits of pharmacist’s provision of patient-centered 

medication management to populations with chronic diseases. Examples include 

programs in Iowa,
13

 Minnesota
15

 and North Carolina’s “Asheville project”.
17

 With the 

passage of Medicare Part D, cognitive services offered by a pharmacist with the goal of 

optimizing medications use became officially recognized as medication therapy 

management (MTM) services. With the passage of the MMA legislation, insurers are 

required to offer medication therapy management (MTM) as a quality improvement 

program to a defined subset of beneficiaries with the goal of optimizing therapeutic 

outcomes by improving medication use and reducing adverse drug events.
93

 This subset 

of patients usually is expected to be more complex, either in terms of disease state, co-

morbidities or medication regimens. Evidence has shown that pharmacists’ involvement 

in managing therapeutic regimens for populations of patients with complex chronic 

diseases like diabetes,
18

 hypertension,
18

 heart failure 
39,40

 and hypercholesterolemia 
15

 

results in better clinical outcomes. However, less attention has been given to the 

pharmacist’s potential for aligning medication therapy goals to overall patient 

management and the role this may play in achieving quality measurement benchmarks for 

population health management. 
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The current emphasis on MTM services comes at a time when quality improvement and 

pay-for-performance initiatives have also increased in prominence. In Minnesota, an 

independent, non-profit community organization, Minnesota Community Measurement 

(MNCM),
94

 has been publicly reporting medical group performance measures since 2004.  

Included in these measures is a comprehensive, all-or-none, five-component optimal 

diabetes care measure (D5).  The five components are:  HbA1c (<7%); LDL 

(<100mg/dl); blood pressure (<140/90 mmHg); tobacco free; daily aspirin use as 

appropriate. The purpose of this study is to examine the relationship between MTM and 

achievement of Optimal Diabetes Care components.   

 

Methods 

Setting 

The MTM program evaluated in the present study is a service of Fairview Pharmacy 

Services, a subsidiary of Fairview Health Services, a Minnesota nonprofit corporation 

and one of the largest health care provider organizations in the state. Fairview Health 

Services consists of a “network of 7 hospitals, 48 primary care clinics, 55 specialty 

clinics, and 28 retail pharmacies that serves Minneapolis-St. Paul, as well as communities 

throughout greater Minnesota and the Upper Midwest”.
43

 A standardized patient care 

process is used by all MTM pharmacists within the system.
43

 The MTM program enrolls 

patients in an “opt-in” procedure through direct referral, mailed letters and telephonic 

outreach. Patients with diabetes who attended one of the Fairview Health System clinics 

staffed with MTM pharmacists were eligible for the study and invited to visit with an 
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MTM pharmacist about their therapeutic regimens. Patients who scheduled a visit and 

completed an MTM visit were considered to have opted-in to the program. 

 

MTM is provided primarily to patients through face-to-face consultations. A validated 

standardized process designed to identify and resolve drug therapy problems and promote 

optimal patient outcomes is followed in each patient’s visit. MTM pharmacists’ 

responsibilities include assessing the patient’s medications, identification of patient’s 

drug-related needs, resolution and prevention of drug-related problems, determining 

appropriate follow-up measures and documentation of the intervention outcomes. 

Collaborative practice agreements that allow the MTM pharmacist to initiate, modify, or 

discontinue drug therapy, and order laboratory tests related to diabetes, hypertension, and 

hyperlipidemia are in effect.
43

 All MTM activities are documented using a commercially 

available software package.  

 

Sample definition, data collection and data analysis plan 

Patients with diabetes (n=127) who participated in an MTM demonstration project and 

had MTM visits to any Fairview clinic offering MTM services between January 1, 2007, 

and December 31, 2007 were identified from the Fairview electronic medical record 

system. A random selection of 121 patients with diabetes eligible for the demonstration 

project who did not actively participate in MTM services served as the control group. The 

final analysis included data on patients for which all information on medications was 

available at baseline and all the D5 quality measure components were available for 2006, 
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2007 and 2008 (121 cases in the MTM group and 103 cases in the Non-MTM group). 

Additional baseline variables including age, sex, percent of patients having diabetes 

complications and co-morbidities to calculate a Charlson’s score index
95

 were extracted 

from the electronic medical records. Rates of achieving the optimal management 

benchmark (satisfying the 5 criteria simultaneously or not) and the individual rates for the 

5 components (satisfying an individual component benchmark or not) were available 

from files prepared for submission to MNCM for the year preceding the demonstration 

project (2006), the year of MTM services (2007) and the year following the end of the 

project (2008). 

 

Additional control variables were constructed from electronic medical records to reflect 

varying levels of medication regimen complexity. These included a binary measure of 

insulin status (whether the patient had insulin in addition to other oral hypoglycemic or 

not) a 3-level categorical measure defining hypertensive medication complexity (whether 

the patient had ACE/ARBs in addition to other hypertensive medications, had one 

hypertensive medication only or did not have any hypertensive medication), and a 3-level 

categorical measure defining hypercholesterol medication complexity (whether the 

patient had statins in addition to other hypercholesterolemia medications, had one 

hypercholesterolemia medication only or did not have any medication from that 

therapeutic class). A 2-level categorical variable, intensity of MTM visits, was also 

defined to reflect varying MTM services exposure levels among the treatment group 

patients (Intensity 1=1-4 visits, Intensity 2=4 visits and more).  
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 For the baseline variables, pair-wise comparisons were carried out between the two 

groups using t-tests for continuous variables and the Chi-square test for categorical 

variables. The change in rate of individual components and the composite optimal 

management rate were tracked and compared for the MTM group separately over time 

using McNemar’s test for correlated proportions and in comparison to the control group 

using the Chi-square test for differences in proportions. 

 

To assess the effects of MTM on the 5 components of the D5 measure, difference in 

differences (DID) estimation in both linear and non-linear regression frameworks was 

used while controlling for baseline clinical characteristics of the patients’ groups. 
88,89,89,90

 

The Karaca-Mandic notation was followed to specify DID model in both linear and non-

linear frameworks.
90

 For the linear framework, the DID model utilizes a standard linear 

regression equation form.  “Y” is a continuous outcome variable (either HbA1c or LDL 

levels) with a set of time-independent covariates (X) that includes age, Charlson’s score 

index, a binary measure of diabetes status (diabetes with complications or not), diabetes 

medication regimen complexity, cholesterol medication regimen complexity and 

hypertensive medication regimen complexity.  If the observation was from the MTM 

group, a “Trt” variable was coded as 1; if the observation was from the Non-MTM group, 

the “Trt” variable was coded as 0. For denoting time of observation, the variable “After” 

that is equal to 1 if the observation is from the post-treatment period (2007) and 0 if from 

the pre-treatment period (2006) was constructed.  In addition, the model included an 
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interaction effect of “Trt” and “After” variables which represents the difference-in-

differences measure of the treatment effect-primary coefficient of interest. 

 

The non-linear logistic DID framework was used to assess the impact of MTM on each of 

the 5 components separately where the dependent variable “Y” was coded 1 if the patient 

met the optimal criteria for the specific component and 0 if not. The non-linear DID 

model was set as follows:
90

 

0 1 2 3 4Pr( 1) ( ( ))i i i i iy F X Trt After Trt After          

 

Where Pr(y=1) represents the probability of meeting the diabetes care component 

benchmark. This probability is represented as a function (F) of time independent 

explanatory variables (X), the “Trt” variable, the “After” variable and their interaction as 

explained previously. The cumulative logistic function (F) was used to model the non-

linear relationship between the binary dependent variables and the explanatory 

covariates.  

 

 The difference-in-differences interaction coefficient is still a measure of the treatment 

effect but is interpreted as a likelihood of meeting the diabetes care component 

benchmark criteria in the MTM group after being exposed to MTM in 2007 as compared 

to the pre-MTM period 2006 and as compared to the Non-MTM group in 2007 (ratio of 

an odds ratio). Generalized Estimating Equations (GEE) were used to account for 

repeated measurements of the same patient over the 2 years. Statistical analysis was 
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performed using SAS 9.2 (SAS Institute Inc., Cary, NC). Lastly, we examined the effect 

of intensity level of MTM visits on meeting optimal diabetes care goals by running the 

difference-in-differences model comparing each intensity level outcomes to the Non-

MTM group separately. 

 

Results 

Comparison of baseline data for participants and non-participants 

The percent of patients with diabetes complications in 2006 was significantly higher in 

the MTM group (p-value<0.001). At baseline, the proportion of patients using insulin (an 

indicator of diabetes medication complexity) as a part of their regimen or using additional 

drugs in addition to statins for their hypercholesterolemia (an indicator of 

hypercholesterolemia medication complexity) was significantly higher in the MTM group 

as well(p-value<0.05). Finally, patients in the MTM group had significantly higher 

Charlson’s scores reflecting higher co-existing co-morbid conditions in this group of 

patients.   (See Table 1) 

 

Composite Score Changes over time 

Comparing the change in the optimal composite score shows that there was a statistically 

significant improvement in achieving the optimal level for the MTM group between 2006 

(pre MTM) and 2007 (post MTM) (21.49% to 45.45%, p-value <0.001). Upon 

discontinuation of MTM at the end of 2007, there was a statistically significant drop in 

the optimal rate for the MTM group observed at the end of 2008 (45.45% to 25.62%, p-



 

 61 

value =0.0002). For the Non-MTM group, a significant improvement also was noticed 

between 2006 and 2007 (24.27% to 39.81%, p-value =0.0002) but the decline from 2007 

to 2008 was not statistically significant (39.81% to 30.10%, p-value=0.077).  

 

The change in achievement of each individual component of D5 was examined for the 

MTM group. By the end of 2007, achievement of the optimal levels of LDL, tobacco 

abstinence and HbA1c% were significantly improved among MTM participants relative 

to the pre-MTM period (2006). Upon discontinuation of MTM visits, the optimal rates 

declined significantly for the HbA1c level only. Other components were not significantly 

changed. (See Table 2) 

 

Comparison of participants and non-participants 

Results from the MTM patients were compared to the control group (Non-MTM) 

patients. Univariate analysis showed that rates of achievement of optimal management 

were not significantly different between the two groups in 2006 (21.49% for MTM 

patients versus 24.47% for Non-MTM patients) even though the optimal management 

rate was higher in the Non-MTM group. By the end of 2007, however, the MTM group 

achieved a higher, though not statistically significant, rate of optimal management 

compared to Non-MTM (45.45% vs. 39.81%). 

 

After discontinuation of MTM services, an assessment of the optimal rate at the end of 

2008 showed the Non-MTM group had higher rates of achieving optimal management 
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compared to the MTM group (30.1% for Non-MTM vs. 25.62% for MTM) though not 

statistically significant. (See Table 3) 

 

Component scores change over time 

Analysis of the 5 individual components of the D5 showed that the rate of meeting the 

HbA1c% goal -HbA1c <7%- was significantly higher in the Non-MTM group compared 

to the MTM group (63.1% vs. 43.8%, p-value <0.01) prior to receiving MTM services in 

2006. As for the remaining 4 components, there were no significant differences between 

the 2 groups of patients. One year after receiving MTM services, difference between the 

2 groups in the HbA1c vanished. The MTM group also had a significantly higher rate of 

achieving tobacco abstinence (91.74% vs. 81.55%, p-value=0.02) and meeting the LDL 

component goal-<100 mg/dl- (83.47% vs. 73.79%, p-value=0.07).  

 

One year after stopping the service, the rate of achieving the HbA1c goal for MTM 

patients became significantly lower than that of the Non-MTM (59.22% vs. 42.15%, p-

value=0.01). The percent of tobacco free patients was significantly higher in the MTM 

group (91.74% vs. 82.52%, p-value=0.03). (See Table 2) To control for potential 

confounders simultaneously, a multivariate difference-in-difference analysis was carried 

out. Table 4 shows the MTM treatment effects from the analysis with the five optimal 

score components as dependent variables while controlling for possible confounders. 

Exposure to MTM services had the most significant impact on the levels of HbA1c. Odds 

of achieving the criteria goal for patients in the MTM group on the HbA1c (<7%) were 
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2.48 times higher in 2007 compared to 2006 (95% CI: 1.04-5.85, p=0.038). Treating 

HbA1c as a continuous variable in the model showed that patients in the MTM group had 

a significant reduction of 0.54% in HbA1c levels in 2007 (95% CI: 0.091%-0.98%, 

p=0.018). There was also a higher trend for MTM patients to achieve the therapeutic goal 

for the LDL component (<100 mg/dl) but the results were not statistically significant. All 

other components of the D5 measure (blood pressure, smoking and aspirin intake) were 

not statistically significant between the MTM and the Non-MTM group. (See Table 4) 

 

Examining the outcomes in the patients who were exposed to 4 or less MTM visits per 

year (Intensity=1) as compared to the Non-MTM group within the non-linear framework 

showed that MTM patients at this visit intensity had a higher likelihood of meeting the 

HBA1c and LDL goals but the results were not statistically different from the Non-MTM 

group. The linear difference in differences model treating HbA1c and LDL as continuous 

measures showed that patients exposed to 4 or less MTM visits annually had a mean 

reduction of 0.42% in their HbA1c levels as compared to the Non-MTM group (p-

value<0.05).  

 

Patients who were exposed to 5 or more MTM visits annually (Intensity=2) were 5.11 

times more likely to meet the HbA1c goal in 2007 (p-value<0.05) than they were in 2006 

and also 5.11 times more likely than the Non-MTM group to meet the HbA1c goal in 

2007. Patients exposed to 5 or more MTM visits annually were also 7.4 times more likely 

to meet the LDL goals in 2007—either compared to their 2006 performance or compared 
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to the Non-MTM group in 2007.  When comparing the outcomes on the continuous level, 

the MTM group with 5 or more visits annually had a mean reduction of 0.76% in their 

HbA1c levels between 2007 and 2006 as compared to the Non-MTM group. In addition, 

the MTM group had a trend to have a mean reduction of 28.97 mg/dl in their LDL levels 

as compared to the Non-MTM group (p-value=0.053). (See Table 5) 

 

Discussion 

This study adds to the growing literature exploring the potential benefits of MTM 

services in achieving clinical goals of therapy for patient populations with chronic 

diseases. It is among the first research endeavors that explore the ability of MTM to meet 

composite measures of optimal care for diabetes. Most previously published work 

focused on improvement of individual clinical components of care like HbA1c for 

patients with diabetes and blood pressure and LDL levels for patients with vascular 

diseases.
96,97

 This study has the advantage of showing the pharmacist role in coordinating 

multiple dimensions of care for diabetes through MTM services.  

 

In an attempt to overcome less rigorous inference associated with pre-post designs and 

analyses for patients who received MTM services only (treatment groups), a design that 

has been extensively  used for evaluation in this setting, we used a comparator group. The 

addition of this comparison group highlights the need to examine factors associated with 

motivation to opt in for receiving MTM services. This was a demonstration project that 

provided MTM services free of charge to the participants and therefore cost did not 
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contribute to the opt-in decision. However, the findings related to differences between the 

two groups at baseline would suggest that patients who did opt-in for MTM services had 

a higher perceived need for assistance with their medication regimens. The differences 

between the two groups identified at baseline (age, sex, Charlson’s score index, diabetes 

status, diabetes medication regimen complexity, cholesterol mediation regimen 

complexity and hypertensive medication regimen complexity) were controlled for in the 

multivariate differences-in-difference analysis. 

 

 We found that MTM services provided to patients with diabetes had positive impact on 

the key quality measures of diabetes control. MTM pharmacists succeeded in bringing 

the more complex patients into a level of blood glucose control that was similar to the 

less complex Non-MTM patients. Patients in the MTM group had higher rates of optimal 

diabetes management while they had face-to-face encounters with MTM pharmacists. 

However, when MTM services were discontinued, patients in this group returned to rates 

that were not significantly different from their baseline measures. Patients with chronic 

diseases like diabetes may achieve better outcomes from regular follow-up with an MTM 

pharmacist to sustain the beneficial effect. 

 

Data from this study showed that MTM services were delivered to a distinct population 

of patients with diabetes. Patients who received MTM services were patients with higher 

co-morbid conditions and more complex medication regimens for diabetes. This finding 

suggests that a patient channeling effect is taking place in MTM provision. Patients with 
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more challenging diabetes problems are more likely to be referred to and to participate in 

MTM programs. Differences in baseline characteristics of participants and non-

participants need to be controlled carefully in evaluations of MTM program. Thus, 

multivariate statistical models that control for baselines differences between participants 

and non-participants and account for both baseline and post treatment values of the 

clinical outcomes were used for evaluating the impact of being exposed to MTM. Our 

study design had the unique advantage of recording the patients’ outcomes before 

exposure to MTM started, after exposure and finally, one year after the exposure had 

ended. This constitutes a huge improvement that enabled a more defensible robust 

estimation of the treatment effects. Among the individual components of the MNCM 

optimal diabetes measure (D5), difference in difference multivariate models showed that 

MTM services received over a period of 1-year resulted in significant reduction of 

HbA1c levels compared to the year prior to receiving MTM (2006). Lowering HbA1c 

levels to meet a goal of (<7%) is a recommended target for all patients with diabetes. It is 

important to note, however, that HbA1c achievement seem to be very sensitive to 

receiving MTM service.  

 

Assessment of the proportion of patients achieving optimal HbA1c levels one year after 

discontinuing MTM in 2008 resulted in a significant drop to nearly the baseline values of 

2006. The pharmacist role in managing and optimizing the medications in terms of 

appropriateness and doses can lead to this sensitivity phenomena. This finding highlights 
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the need to receive MTM services on a regular basis in order to maintain the beneficial 

clinical control of hyperglycemia.  

 

In addition, analyses stratified on number of MTM visits showed that patients who had 5 

or more visits annually had significant improvements in the main two care components: 

HbA1c and LDL in 2007, both on the linear and non-linear scales. The magnitude of 

improvement in patients who had 5 visits or more was significantly higher than the 

patients who had 4 visits or less. This strengthens the importance of establishing an 

adequate number of MTM encounters for patients with complex chronic diseases like 

diabetes to meet optimal clinical goals of therapy. 

 

An interesting observation was that the rate of tobacco abstinence in the MTM group was 

higher than the Non-MTM group 1 year after the discontinuation of the service. This 

might allude to a sustained effect of the pharmacist education on that part of the of the 

patient’s life style management.98 Smoking is known to be a risk factor for many diabetes 

and vascular diseases complications.99-101 Thus, the ability of the pharmacist to modify 

that part positively underlines the importance of pharmacist involvement in the lifestyle 

management recommendations of chronic disease patients.  

 

One last point of note is that the rate of smoking abstinence within the MTM group 

persisted from 2007 to 2008 after discontinuing MTM services. This is a very powerful 

result that is in contrast to high rates of smoking recidivism within one year that has been 
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reported in the literature. 
102

 Thus, pharmacists’ efforts related to smoking cessation seem 

to results in longer term abstinence from tobacco. MTM programs may be a viable option 

for smoking cessation efforts led by pharmacists. 

 

An unexplored but potentially important aspect of MTM services that is closely related to 

glycemic control is medication adherence. With increasing complexity of therapeutic 

regimens in terms of numbers of drugs and dosing schedules, patients may face 

difficulties in adhering to the therapies as prescribed. Pharmacist involvement in 

educating the patients about the importance of adherence and following up with the 

patients in regular MTM consultations has the potential to better control HbA1c levels.
103

 

Previous studies have reported an association between improvement in medication 

adherence and enrollment in MTM programs. 

 

Limitations 

Given the nature of the observational data and lack of randomization in our design, there 

is a chance for residual confounding by unmeasured variables. This could have been 

manifested in the unmeasured patients’ characteristics that possibly made them more 

likely to opt-in for MTM services and be more responsive to the MTM pharmacists’ 

recommendations. Moreover, we cannot simply rule out the possible role that physician 

and nurse education could have played in helping the patient achieving the goals of 

therapy. Not only would the physician and nurse’s education have this beneficial effect 

but also exposure to non-MTM pharmacists in normal community pharmacies’ visits 
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could have the same impact. Pharmacists are required by law to provide medication 

information and education to patients when dispensing medications on a regular basis. 

Thus, a possible spill-over effect in the control group could not be completely ruled out.  

 

We also assumed that the medications regimens were time invariant in the multivariate 

difference in difference models. That assumption is based on the short period of 

observation and the unlikeliness of a major change in the classes of medication 

prescribed for persistently ill patients represented in our analysis sample. Finally, the 

number of patients included in our study was relatively small. Budget and resources 

constraints were main considerations in the a priori determination of sample size. 

Nonetheless, this relatively small sample size did show statistically significant 

improvement in the HbA1c levels in MTM patients. A larger sample size could have had 

the potential to elucidate additional significant relationships between exposure to MTM 

services and the remaining optimal diabetes care components. 

 

Conclusion 

In summary, this study suggests that a pharmacist-led and delivered MTM program has 

the potential for improving optimal diabetes management rates in a population of 

complex diabetes patients. Therefore, policies at the federal and local levels should be 

designed to increase patient access to MTM services.   
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Table 1: Baseline characteristics of the whole study cohort 

 

Characteristic MTM group NON-MTM group p-value 

No of patients 121 103 NA 

Age 58.44 58.19 NS 

% Women 52.07% 51.46% NS 

% with Diabetic 

complications 

95.04% 15.53% <0.001 

% with Insulin therapy 53.33% 34.95% 0.005 

Charlson score Index* 3.7 2.72 <0.001 

%Medicare 12.73% 20.59%  

%Medicaid 5.45% 1.96%  

%on statins +others 36.36% 23.3% 0.03 

%on  ACEI/ARB+others 56.20% 58.25% NS 

 

Charlson Score Index: A measure of the level of co-morbidity where each medical 

condition (17 different conditions) is assigned a score of depending on the risk of 

mortality from that specific condition. For this study, the mimimum value assigned to any 

patient was 1 since all patients had to have diabetes 

 

ACEI: Angiotensin-Converting Enzyme Inhibitors 

ARB: Angiotensin-Receptor Blockers 
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Table 2: Proportions of patients meeting diabetes care components defined goals (MTM group, 

n=121) 

 

Component 2006 2007 P-values 

HbA1c 43.80% 73.55% <0.001 

LDL 63.64% 83.47% 0.0002 

BP 66.12% 71.07% 0.33 

Tobacco 85.95% 91.74% 0.01 

Aspirin 97.52% 100% NS 

    

 2007 2008  

HbA1c 73.55% 42.15% <0.001 

LDL 83.47% 79.34% 0.35 

BP 71.07% 76.03% 0.37 

Tobacco 91.74% 91.74% NS 

Aspirin 100% 99.17% NS 
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Table 3: Proportions of patients meeting diabetes care components defined goals in study groups 

(MTM vs. Non-MTM) 

 

Component 

(%pass) 

 

MTM group 

(n=121) 

Non-MTM group 

(n=103) 

 

p-value 

  2006 

 

 

Optimal Score 2006 21.49% 24.27% 0.62 

HbA1c 43.80% 63.11% 0.003 

LDL 63.64% 65.05% 0.82 

BP 66.12% 61.17% 0.44 

Tobacco 85.95% 79.61% 0.20 

Aspirin 97.52% 93.29% 0.11 

  2007 

 

 

Optimal Score 2007 45.45% 39.81% 0.39 

HbA1c 73.55% 72.82% 0.9 

LDL 83.47% 73.79% 0.07 

BP 71.07% 72.82% 0.77 

Tobacco 91.74% 81.55% 0.02 

Aspirin 100% 98.06% 0.12 

  2008 

 

 

Optimal Score 2008 25.62% 30.10% 0.45 

HbA1c 42.15% 59.22% 0.01 

LDL 79.34% 73.79% 0.32 

BP 76.03% 69.9% 0.3 

Tobacco 91.74% 82.52% 0.03 

Aspirin 99.17% 99.03% 0.9 
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Table 4: Difference-in-differences models results (Whole sample, n=224) 

 

Outcome Variable Difference in Difference 

Estimator (C.I) 

P-Value 

Non-Linear Models 

HbA1c (binary) 

 

2.48 (1.04,5.85) 

*GEE estimate: 2.44 (1.22,4.86) 

0.038** 

0.01** 

LDL (binary) 1.95 (0.81,4.84) 0.13 

BP (binary) 0.73 (0.32,1.65) 0.45 

Tobacco (binary) 1.62 (0.54,4.84) 0.38 

Aspirin (binary) 2.32  (0.08,65) 0.62 

Linear Models 

HbA1c (continuous) 

 

-0.54 (-0.98, -0.091) 

*GEE estimate: -0.54 (-0.22, -

0.86)   

0.018**  

0.0009** 

LDL (continuous) -11.12 (-45.36,23.12) 0.52 

*Results shown represent coefficient estimates from models that did not account for 

repeated observations of the same individual (Non-GEE models); GEE estimates are only 

shown for models where the coefficient on the interaction term was statistically 

significant 

 

**Significant at p-value<0.05 
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Table 5: Difference-in-differences models results (stratified by intensity levels) 

 

Outcome Variable Difference in Difference 

Estimates using GEE 

estimation (C.I.) 

P-Value 

Non-Linear Models 

Intensity=1 (4 MTM visits or less annually) vs. Non-MTM group 

(n=183) 

HbA1c (binary) 1.79 (0.84,3.84) 0.12 

LDL (binary) 1.29 (0.54,3.08) 0.56 

Intensity=2 (5 or more MTM visits annually) vs. Non-MTM group 

(n=144) 

HbA1c (binary) 5.11 (1.78,14.68) 0.0025* 

LDL (binary) 7.4 (1.67,33.18) 0.0085* 

Linear Models 

Intensity=1 (4 MTM visits or less annually) vs. Non-MTM group 

(n=183) 

HbA1c (continuous) -0.42 (-0.07, -0.78) 0.01*  

LDL (continuous) -2.41 (-37.79, 42.62) 0.90 

Intensity=2 (5 or more MTM visits annually) vs. Non-MTM group 

(n=144) 

HbA1c (continuous) -0.76 (-0.26, -1.27) 0.0026* 

LDL (continuous) -28.97 (0.48, -58.43) 0.053 

*Significant at p-value<0.05 
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Chapter 4: Patient characteristics predicting the frequency of medication therapy 

management visits for diabetes patients 

 

 Soliman AM, Carlson AM, MacLehose RF, Brummel AR, Schommer JC. Patient 

characteristics predicting the frequency of medication therapy management visits for 

diabetes patients. Clinical Therapeutics, 2013;35(4):534-540.  

 

*With copyright permission 
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Abstract 

Background: Patient characteristics associated with a higher exposure to MTM and the 

relationship between frequency of MTM visits and meeting clinically-defined goals of 

therapy have not been documented. 

 

Objectives: To evaluate factors predicting frequency of MTM visits for diabetes patients 

and their impact on diabetes clinical outcomes. 

 

Methods: All patients with diabetes participating in a 2007 MTM demonstration project 

(n= 121) were included in analysis. A negative binomial regression controlling for age, 

sex, presence of diabetes complications, taking insulin, Charlson score and hypertension 

and cholesterol medication regimens compositions was used to assess predictors of the 

number of MTM visits. Optimal diabetes management differences between two groups 

defined by median number of MTM visits (low frequency ≤4; high frequency >4) was 

compared using Wilcoxon rank sum and chi-square tests.  

 

Results: Having diabetes complications (relative risk=2.83[95% CI:1.3-6.17], p-

value=0.0088) and taking insulin (relative risk=1.43[95% CI:1.12-1.83], p-value=0.0038) 

were associated with higher number of MTM visits. At baseline, the high frequency 

group had significantly higher proportion with insulin therapy (p<0.01); higher 

proportion with diabetes complications (p=0.07); and higher mean Charlson score 

(p=0.08).  The rate of optimal diabetes care was significantly lower in the high frequency 
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group prior to MTM (p = 0.02) but not statistically different from the low frequency 

group during and one-year following the demonstration project. 

 

Conclusions 

Patients with diabetes complications and using regimens that include insulin received 

more frequent MTM visits. MTM services delivered to a diabetes population with more 

complex disease or taking insulin have a positive impact on optimal diabetes care. 
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Introduction 

Medication Therapy Management (MTM) is a pharmacist led professional service aimed 

at reducing drug associated adverse events, improving patient medication adherence and 

increasing patient understanding of their diseases and prescribed drugs. During an MTM 

visit, the pharmacist assesses the patient’s drug related needs to ensure proper indication 

and optimum effectiveness, safety and convenience. A patient-specific care plan is 

developed together with scheduled follow-ups. MTM was officially recognized in the 

Medicare Drug, Improvement and Modernization Act of 2003 [Pub. L. No. 108-173, 117 

Stat. 2066] (MMA) approved by Congress. The MMA act added a prescription drug 

benefit via Medicare Part D that is administered by insurers.
23

  Insurers are required to 

offer medication therapy management (MTM) to a defined subset of beneficiaries who 

are expected to be more complex, in terms of disease state severity, co-morbidities or 

medication regimens and therefore more likely to require assistance with their 

medications. 

 

Even before official recognition, various studies had evaluated the clinical and economic 

outcomes that resulted from a patient-centered medication therapy management program 

to populations with chronic diseases. Over the years, evidence showed that pharmacists’ 

involvement in managing therapeutic regimens for such populations with chronic 

diseases like diabetes,
18

 hypertension,
41

 heart failure
39,40

  and hypercholesterolemia
16

  

resulted in improved clinical outcomes.  
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However, patient characteristics associated with a higher MTM visit frequency and the 

relationship between frequency of MTM visits and meeting clinically-defined goals of 

therapy have not been documented.  The first purpose of this study is to examine the 

relationship between patient, drug- and disease- related characteristics and the rate of 

receiving MTM services. In addition, the dose-response relationship between MTM visits 

and diabetes clinical outcomes has not been examined even though published research on 

similar programs (i.e. disease management programs) have shown improved clinical 

outcomes and reduced hospital admission upon exposure to more frequent encounters 

with health care providers.
104

 Thus, the second objective was to investigate whether 

optimal diabetes management differed between patients exposed to varying frequencies 

of MTM services.  

 

Methods 

The MTM program evaluated in the present study is a service of a large, Midwestern, 

integrated healthcare system. The MTM program has used a standardized patient care 

process since its inception. The program invited patients with diabetes who attended one 

of the healthcare system outpatient clinics staffed with MTM pharmacists to participate in 

the program by scheduling an appointment with an MTM pharmacist. MTM was 

provided to patients through face-to-face consultations using a process designed to 

identify and resolve drug therapy problems that has been described in-depth elsewhere.
43

 

MTM pharmacists’ responsibilities included assessing the patients’ medications, 

identifying drug-related needs, resolving and preventing drug-related problems, 
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determining appropriate follow-up measures and documenting intervention outcomes. 

Collaborative practice agreements between the healthcare system’s physicians and MTM 

pharmacists allowed the MTM pharmacists to initiate, modify, or discontinue drug 

therapy, and order laboratory tests related to diabetes, hypertension, and 

hyperlipidemia.
43

 All MTM activities were documented using a commercially available 

software program (Assurance®) (Medication Management Systems Inc., Minneapolis, 

MN).  

 

The number of MTM visits were obtained from Assurance® records and used both as a 

continuous and a dichotomous variable in analyses. Dichotomization required 

establishment of a cut point at the median number of visits of the underlying population. 

Baseline variables including age, sex, proportion of patients having diabetes 

complications and the presence of comorbidities using the Charlson score index
95

 were 

identified from electronic medical records. 

 

To reflect differences in  medication regimens, three additional variables were 

constructed from the medical records:  for diabetes medications, a binary variable was 

constructed to indicate whether insulin was part of the diabetes medication regimen; for 

hypertension, a three-level categorical variable (whether the patient had ACE/ARBs in 

addition to other hypertensive medications, had one hypertensive medication only or did 

not have any hypertensive medication) was constructed; for hypercholesterolemia,  a 

three-level categorical variable (whether the patient had statins in addition to other 
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hypercholesterolemia medications, had one hypercholesterolemia medication only or did 

not have any medication from that therapeutic class) was constructed.  The primary 

analysis evaluated the predictors of number of annual MTM visits as a continuous count 

variable using a negative binomial multivariate regression to account for over-

dispersion.
105

 The model controlled for age, sex, Charlson scores, using insulin as part of 

the diabetic medication regimen and hypercholesterolemia and hypertension medication 

regimen composition.  

 

The diabetes-related clinical outcomes monitored at the time of the demonstration project 

were HbA1c (<7%); LDL (<100mg/dl); blood pressure (<130/80 mmHg); being tobacco 

free; daily aspirin use as appropriate using the most current recorded value during the 

measurement year. Clinics in Minnesota are required to report these five components and 

an optimal care all-or-none composite measure (locally identified as the D5) to a 

statewide quality improvement organization. The measure is based on guidelines 

published by the Institute for Clinical Systems Improvement (ICSI) and has been 

reviewed and endorsed by the National Quality Forum (NQF), and the individual 

components are periodically reviewed for agreement with updated guidelines by a 

clinical expert panel of Minnesota Community Measurement (MNCM).
94

 The five 

individual diabetes outcomes and the D5 status for the year preceding the demonstration 

project (2006), the year of MTM services (2007) and the year following the end of the 

project (2008) were also abstracted.  
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Comparisons of clinical outcomes were carried out between the two defined visit groups 

(high frequency and low frequency MTM visits) as a secondary analysis. Pair-wise 

comparisons of baseline variables were carried out between these two groups using t-tests 

for continuous variables and Chi-square tests for categorical variables. Finally, Chi- 

square test was also used to compare the proportion of patients meeting the composite D5 

goal and each individual component between the two groups. Wilcoxon Mann-Whitney 

test was used to compare the differences in HbA1c% and LDL when treated as 

continuous variables. All statistical analyses were carried out using SAS 9.2 (SAS 

Institute Inc., Cary, NC). This study was classified as exempt by the University of 

Minnesota IRB committee. 

 

Results 

 The analyses included 121 patients with diabetes who participated in an MTM 

demonstration project and had MTM visits to outpatient clinics offering MTM services 

between January 1, 2007, and December 31, 2007.  At baseline, the mean age was 58.44 

years, mean Charlson score was 3.7, 95% had diabetes with complications and 53.3% of 

the patients were taking insulin.  

 

 Negative binomial regression indicated that having diabetes complications and taking 

insulin were both associated with a significant increase in the expected number of MTM 

visits. Compared to diabetes patients with no complication, patients with complications 

had a 2.83 times as many visits over follow-up (relative risk=2.83[95% CI:1.3-6.17], p-
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value=0.0088) whereas patients taking insulin had a 1.43 times the rate of MTM visits 

(relative risk=1.43[95% CI:1.12-1.83], p-value=0.0038) compared to non-insulin 

patients. (See Table 6)  

 

A dichotomous variable, intensity of MTM visits, was used to reflect two levels of 

exposure to MTM services among the patients. The median number of annual MTM 

visits for the whole sample was determined; patients who had visit frequencies less than 

or equal to the median (4 visits) were assigned to the low frequency group and patients 

with visit frequencies higher than the median value were assigned to the high frequency 

group. At baseline, age was not significantly different between the two groups (57.3 years 

vs. 59.0 years, p-value=0.43). Patients in the high frequency group had marginally higher 

but not statistically significant mean Charlson scores (3.97 vs. 3.56; p-value=0.08) and 

diabetes complications rates (100% vs. 92.5%; p-value=0.07). The high frequency group, 

however, had a significantly higher proportion of patients taking insulin (70% vs. 45%; 

p-value<0.01). (See Table 7)  

 

As for the optimal diabetes care measure, the proportion of high frequency group patients 

at optimal management was significantly lower than the low frequency group at baseline 

in 2006 (9.76% vs. 27.5%; p-value=0.024). However, after exposure to MTM, no 

statistically significant differences were detected between the two groups by the end of 

2007 (43.9% vs. 43.2%; p-value=0.80). Patients in the high frequency group were not 

statistically different from the low frequency group in 2006 on the individual D5 
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components with the exception of the HbA1c measure. For HbA1c, patients in the high 

frequency group had a statistically smaller proportion of patients meeting the optimal 

goal (24.39% vs. 53.75%; p-value <0.01). Similar to the trend of improvement observed 

in the overall D5 measure, the HbA1c differences that existed between the two groups in 

2006 were statistically non-significant in 2007 (68.29% vs. 76.25%; p-value=0.35). In 

2008, the two groups were not significantly different from each other for all the 

components except for the blood pressure components where the MTM group had a 

significantly higher proportion of patients meeting their blood pressure goal (87.8% vs. 

70%, p-value=0.029). The HbA1c dropped for both groups but the decrease in the 

proportion of patients meeting the HbA1c goal for the high frequency group was 

numerically higher (p-value=0.09). (See Table 8) 

 

Discussion 

To date, this study is among the first to examine factors predictive of a greater number of 

MTM visits, conditional on the fact that patients are already exposed to MTM services. 

Only one study that evaluated predictors of being exposed to MTM services among 

elderly patients was identified.
106

 The present analysis focuses on the patient population 

that has been exposed to MTM services without setting restrictions on the age of the 

study population. This study shows that, for patients with diabetes, complex comorbidity 

profiles and taking insulin were associated with a significant increase in the mean number 

of annual MTM visits. One of the main goals of MTM services is to resolve drug related 
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problems (DRPs).   Complex medication regimens that require continuous follow-up and 

change like those involving insulin increase the likelihood that adverse events can occur.   

In addition, this study explored the potential impact of frequency of MTM visits on 

diabetes clinical outcomes. MTM services provided at higher intensity to patients with 

complex diabetes had noticeably positive impact on two quality components of diabetes 

care: LDL and HbA1c. The results demonstrated that HbA1c were highly associated with 

MTM intervention evidenced by the reduction in the mean HbA1c values in 2007 

compared to 2006 at both levels of visit intensity/frequency. This relationship was not 

observed with mean LDL levels, which increased for the low frequency group but 

decreased for the high frequency group after being exposed to MTM in 2007 compared to 

2006 values.  These results are in line with published work that compared diabetes 

clinical outcomes of patients exposed to MTM to patients not receiving MTM. In that 

study, the highest clinical benefits were observed for the HbA1c component of the D5 

optimal diabetes care measure which was sustained at both low and high MTM visits’ 

frequency.
107

 Improved clinical control of HbA1c has economic implications beyond its 

pure clinical value. Previous economic analyses have shown that sustained glycemic 

levels control results in significant cost savings within 1 to 2 years of glycemic control 

improvements.
108

  

 

Additionally, this study suggests that more frequent MTM visits may result in a larger 

increase in the proportion of patients meeting their composite optimal care benchmark. 

Despite the fact that patients in the high frequency group were more complex (had more 
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diabetes complications, took insulin as a part of diabetes regimen and had more co-

morbidities), the absolute change in the proportion meeting D5 after exposure to MTM 

was noticeably larger compared to the low frequency group (9.8% to 43.9%; 27.5% to 

46.2%).  

 

These findings highlight the need to match the patient’s drug related needs, determined 

from prior knowledge of the patient’s underlying history of medication regimens and 

existing co-morbidities, to the intensity of MTM exposure. This should increase the 

efficiency of MTM program management by offering high intensity services to patients 

who most need them. As a result, economic outcomes for MTM services will be 

optimized by avoiding unnecessary consumption of resources in unneeded visits where 

significant clinical benefit is less likely and direct them to needy patients where increased 

frequency in visits is expected to result in a positive return on investment.  

 

Finally, this study suggests that the proportion of patients reaching the benchmark goal 

for HbA1c levels rose during the MTM demonstration period but declined when MTM 

services ceased to be offered (the year following the demonstration period). This would 

also be an important consideration when evaluating an MTM benefit, such as Medicare 

Part D. Currently, many plans require or allow one comprehensive medication review 

(CMR) per year, rather than more regular contact with an MTM provider. Restriction to 

one comprehensive visit would be insufficient to sustain MTM beneficial effects based 

on the study findings. 
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Limitations 

As with any other observational study, the study results are prone to chances of bias as a 

result of residual confounding from unmeasured covariates like patients’ income, 

education levels, cognitive capabilities, other prescribed medications and health beliefs. 

The information used to build the medication composition variables was obtained from 

the electronic medical records whose accuracy was not verified. Thus, there exists a 

chance that those medications were never dispensed to or acquired by the patient. 

Pharmacy claims are superior to electronic medical records in reflecting accurate 

acquisition of patients’ prescribed drug regimens. Additionally, the value recorded for 

any single D5 component was the most current that existed in the medical record but the 

exact date on which the component was measured was not recorded. Although it is 

possible that one or more of the D5 components were recorded in 2007 prior to the first 

MTM visit, the fact that most of the patients in the study were complex enough to 

warrant multiple visits to the clinic extending till the end of the measurement year makes 

this unlikely. 

 

Furthermore, the inability to calculate drug claims-based medication adherence could be 

another potential source of bias. Improved medication adherence might be a mediating 

factor for the betterment of clinical outcomes that was observed in the two study groups. 

Whether other unmeasured confounding variables like socioeconomic status and income 

levels, which were not available for this specific study, could be contributing to this 

treatment effect mediation remains to be determined in future studies of MTM service. 
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Conclusion 

In summary, patients with more complex diabetes presentation or using insulin are more 

likely to have frequent exposures to a pharmacist-led and delivered MTM program. There 

is a direct relationship between the frequency of visits and the resulting improvements in 

clinical outcomes.  Continuity of MTM delivery is linked to sustained accrued clinical 

benefits of MTM. MTM program administrators and payers should take these findings 

into consideration when defining eligibility criteria and determining MTM visit 

requirements for enrolled patient populations. 
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Table 6: Results of Negative Binomial Regression predicting number of MTM visits 

 

Covariates 
Relative 

Risk 

95% Confidence 

Intervals 
P-value 

 

Age 
0.99 0.98 1.00 

 

0.2007 

Gender 

(Female vs. 

Male) 

0.93 0.83 1.04 0.2054 

 

Diabetes with 

complications 

vs. No 

complications 

2.83 1.30 6.17 0.0088 

Taking Insulin 1.43 1.12 1.83 0.0038 

Cholesterol 

complexity 

level 1 

0.58 0.35 0.94 0.0263 

Cholesterol 

complexity 

level 2 

0.55 0.33 0.92 0.0223 

Hypertensive 

complexity 

level 1 

0.73 0.49 1.09 

 

 

 

0.1238 

Hypertensive 

complexity 

level 2 

0.90 0.60 1.35 0.6127 

Charlson Score 0.99 0.89 1.10 0.8859 
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Table 7: Comparison of patient characteristics in the low and high frequency groups 

 

Characteristic High 

Frequency 

Group  

Low Frequency 

Group 

p-value 

No of patients 41 80 N/A 

Age(years) 57.34 59.01 0.43 

% Women 53.66% 51.25% .080 

% with Diabetic complications 100% 92.5% 0.072 

% with Insulin therapy 70% 45% <0.01 

Charlson score Index 3.97 3.56 0.075 

%on statins +others 30.56% 43.42% 0.19 

%on  ACE/ARB+others 69.70% 62.50% 0.45 

Number of MTM visits  

(Mean, range) 

8.3 (5-16) 2.6 (1-4) N/A 

 

High Frequency: >4 MTM visits, Low Frequency: <=4 MTM visits 

 

Charlson Score Index: A measure of the level of co-morbidity where each medical 

condition (17 different conditions) is assigned a score of depending on the risk of 

mortality from that specific condition.  
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Table 8: D5 Care components over time 

 

Care 

Component 

High Frequency 

Group 

Low Frequency 

Group 

P-value 

2006 (Prior to MTM) 

Optimal 

Composite Score 

9.8% 27.5% 0.0245* 

HbA1c% 24.4% 

7.9 mmol/mol 

53.8% 

7.4 mmol/mol 

0.0021* 

0.073** 

LDL  61% 

89.3 mg/dl 

65% 

92 mg/dl 

0.66* 

0.87** 

BP 70.7% 63.8% 0.44* 

Tobacco 80.5% 88.8% 0.21* 

Aspirin 100% 96.3% 0.55*** 

2007 (MTM demonstration project) 

Optimal 

Composite Score 

43.9% 46.3% 0.82* 

HbA1c% 68.3% 

6.7 mmol/mol 

76.3% 

6.5 mmol/mol 

0.35* 

0.53** 

LDL  92.7% 

79 mg/dl 

78.8% 

107.1 mg/dl 

0.069*** 

0.080** 

BP 73.2% 70% 0.71* 

Tobacco 90.2% 92.6 0.67* 

Aspirin 100% 100% N/A 

2008 (1 year post demonstration) 

Optimal 

Composite Score 

24.4% 26.3% 0.82* 

HbA1c% 31.7% 47.5% 0.09* 

LDL  82.9% 77.5% 0.48* 

BP 87.8% 70% 0.029* 

Tobacco 92.7% 91.3% 0.99*** 

Aspirin 100% 98.8% 0.99*** 

*Chi-square test based p-values 

 

**Wilcoxon Mann-Whitney test based p-values 

 

***Fisher Exact test based p-values 
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Supplementary Results  

  

As a secondary analysis, we estimate the association between patient characteristics in 

2006 and being in high frequency MTM using logistic regression models, adjusting for 

age, gender, Charlson scores Index, diabetes complexity and medication regimen 

complexities. This analysis was carried out to test the robustness of our results to 

alternative modeling specifications. However, sparse data made estimation of such 

associations within a frequentist logistic regression framework difficult. For example, all 

patients in the high frequency group had diabetes complications. To help counteract the 

imprecise and extreme results encountered due to sparse data problems, we fit a Bayesian 

logistic regression model with a weakly informative prior (normal distribution with 

mean=zero and variance=1.38) to assess the probability of having annual number of 

MTM visits above average while controlling for baseline covariates.
109

 Bayesian logistic 

regression in this setting is a well-established method for reducing the mean squared 

errors of parameter estimates by shrinking their values toward the null.
110

 Using a Gibbs 

sampler, a Bayesian model was run for 100,000 iterations with a burn-in of 1,000 

iterations. The Gelman-Rubin diagnostic was used to assess the model 

convergence. Since our primary outcome of interest-being in the high frequency group- is 

not a rare outcome (prevalent in 33% of the sample) and in order to avoid the difficulty of 

interpreting the odds ratios that are routinely used to express logistic regression models 

outputs, we used the predicted values from the logistic model to determine the risk ratios 

of being a member of the high MTM frequency group using the method of recycled 

predictions. We calculated the risk ratios for different levels of potential confounders of 
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interest (diabetes complications, diabetes, hypertension and hypercholesterolemia 

medication regimens). For example, in the instance where we estimate the RR of high 

frequency MTM for insulin vs. non-insulin users, this method proceeds as follows: 

 1) We estimate the predicted probability of the outcomes from the regression model at 

the observed level of the potential confounder assuming that everyone in the sample was 

an insulin user. 2) We then generate predicted probabilities for each individual assuming 

that they were non-users of insulin. 3) The ratio of the average probabilities from step 2 

and 3 is an estimate of our RR of interest. 4) To generate a distribution for the RR, we 

repeat steps 1-3 over for all the MCMC iterations. All statistical analyses were carried out 

using SAS 9.2 (SAS Institute Inc., Cary, NC). 

 

Results 

 

Bayesian multivariable logistic models suggested that taking insulin was a significant 

predictor of being in the high frequency group (relative risk = 2.23; CI: 1.18-4.34) while 

having diabetic complications was associated with being in the high frequency group 

(relative risk = 4.63; CI: 0.98-16.82) at baseline.  Complexity of hypercholesterolemia 

and hypertensive medication regimens were not significant predictors of intensity of 

MTM visits (relative risk <1 and p-value >0.05 for categories involving one or more 

drugs for hypercholesterolemia and hypertension as compared to the reference category  

of not using any drugs for those 2 illnesses). (See Table 9) 
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Discussion 

These results is in line with the negative binomial model earlier results in that having 

diabetes complications and taking insulin were significantly associated with receiving a 

higher number of MTM visits. The inferences were robust to the models’ specification in 

both a linear and non-linear contexts which adds further credibility to the proposed 

relationships. 
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Table 9: Results of Bayesian logistic regression with a weakly informative prior  

for predicting high frequency group membership 

 

Predictors Relative Risk 

(RR) 

Estimates 

Lower 95% 

Credible 

Intervals 

Upper 95% 

Credible 

Intervals 

Diabetes with 

complications vs. No 

complications 

 

 
4.63 0.98 16.8 

Cholesterol 

complexity level 1 
 

0.68 0.28 1.28 
Cholesterol 

complexity level 2 
 

0.55 0.20 1.08 
Hypertensive 

complexity level 1 
 

0.62 0.24 1.17 
Hypertensive 

complexity level 2 
 

0.80 0.35 1.53 
Taking Insulin 2.23 1.18 4.34 

 

Gender (Female vs. 

Male) 

 

 

1.0 0.73 1.31 
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Chapter 5: Impact of Medication Therapy Management (MTM) services on 

economic outcomes in diabetes patients: A retrospective matched claims analysis 

 

Soliman AM, Carlson AM, Dowd BE. Impact of Medication Therapy Management 

(MTM) services on economic outcomes in diabetes patients: A retrospective matched 

claims analysis (Submitted) 
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Abstract 

Background 

Various studies have examined the association between MTM services and economic 

outcomes in diabetes patients, but only a few have taken into account the multitude of 

factors that could moderate the relationship between MTM services and diabetes 

economic outcomes. Furthermore, exploration of subgroups of diabetes patients that 

would benefit the most from MTM encounters has not been carried out. 

 

Objectives 

To estimate the impact of MTM services on economic outcomes in patients diagnosed 

with diabetes and investigate potential differential effects of MTM on patients’ subgroups 

using insulin therapy. 

 

Methods 

Truven Analytics MarketScan data was used to select: adults >18 years between January 

1, 2007 and December 31, 2010, identified with face-to-face MTM (CPT codes 99605, 

99606, 99607), and diabetes (having two or more diabetes specific CPT code (250.xx). 

The date of the first MTM encounter was the index date. An age, gender-matched 

diabetes control group was formed; the index date was that of the matched MTM patient. 

Nearest-neighbor propensity score matching (1:1) without replacement within a caliper 

was run to form two exchangeable study groups (n=401) controlling for demographic, 

drug-related, clinical status- related and health services utilization-related covariates. A 
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difference-in-differences (DID) model with gamma distribution and log link accounting 

for three times points (period 0: 6 months pre, periods 1 and 2: 6 and 12 months post 

index date respectively) was run for total costs and medical costs as outcomes. Subgroup 

analysis was run for patients with identified insulin claims in the baseline period. 

 

Results 

DID models for matched diabetes patients showed that MTM patients were not 

significantly different from the control group at both Periods 1 and 2 (p-values >0.5). 

Insulin DID models, on the other hand, showed that, in period 1, the MTM group had a 

non-significant increase of 25% in the total health care costs (p=0.52). In period 2, 

however, the MTM group had a significant reduction of 45% in the total health care costs 

as compared to the non-MTM (p-value=0.048).  

Conclusion 

Exposure to face-to-face MTM services did not result in significant reduction of total 

health care costs in diabetes patients as compared to a control group. Favorable economic 

outcomes were, however, detected beginning 7 months after initial MTM exposure in 

diabetes patients who were taking insulin. MTM can play a crucial role in reducing 

overall health care costs for diabetes patients with complex medication regimens. 
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Introduction 

Approximately 8.3% of the US population is diagnosed with diabetes, making it one of 

the most prevalent chronic diseases in the US.
111

 Such high prevalence comes with a 

costly clinical and economic burden estimated at more than $218 billion dollars.
112

 

Health care costs are usually higher for diabetes patients with greater comorbidity 

burden
113

 or on complex medication regimens that include insulin.
114

 Insulin usually is 

used for patients with Type 1 diabetes where the patient is insulin-dependent (can no 

longer depend on endogenous insulin production by the pancreas) or for Type 2 diabetes 

conditions not adequately controlled with oral medications due to disease progression and 

deteriorating production of insulin by the pancreas.
115

  In addition, insulin regimens 

usually are highly individualized according to patient-specific characteristics with dosing 

regimens’ changes that occur frequently over the course of treatment.
116

 This increases 

the complexity of diabetes medication regimens, which is a well-known predictor of poor 

medication adherence and worse clinical course of the disease.
115,117,118

  

 

Pharmacists play important roles in patient education and medication drug review for 

patients with diabetes through patient-centered, clinically-oriented services.
18,54,55

 In 

2003, the Medicare Prescription Drug Improvement and Modernization Act (MMA) 

[Pub. L. No. 108-173, 117 Stat. 2066 (January 7, 2003)] approved a pharmacist-delivered 

set of patient-centered of services named Medication Therapy Management (MTM) 

based on promising outcomes from early MTM pilot projects.
19,21,22, 23

 MTM programs 

expand the scope of services offered by pharmacists to include direct patient care while 
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assuming full clinical responsibility for patients’ drug therapy outcomes.
25

 Interest in 

MTM programs comes at a time when there is an urgent need for health services that 

enhance the quality of care while simultaneously reducing health care costs. This need 

becomes more demanding in patients taking multiple medications (poly-pharmacy) or 

who follow more challenging drug regimens like diabetes patients using insulin.  

 

Our previous work with MTM services offered to diabetes patients showed that patients 

who took insulin were more likely to receive MTM services
107

 and among those who 

received MTM, taking insulin was a significant predictor of an increased frequency of 

MTM visits.
119

 While some studies have reported favorable cost savings for MTM 

diabetes patients,
18,54,55

 design shortcomings have made causal inference and 

generalizability of their study findings to other diabetes populations challenging,
74

 with 

limited ability to extend them to a more complex subgroup of diabetes patients.  

 

Objectives 

The objectives of this study are 1) to estimate the impact of MTM services on economic 

outcomes in patients diagnosed with diabetes robustly within a multivariate framework; 

and 2) to investigate potential differential effects of MTM on diabetes patients using 

insulin therapy. 
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Methods 

Data Source 

The data source for this study was the Truven Health Analytics MarketScan® 

Commercial Claims and Encounters database (MarketScan Database; Truven, Ann 

Arbor, MI) for the period 2007-2011. The database contains adjudicated medical 

(inpatient and outpatient) and prescription drug claims for all billed services received by 

several million privately insured patients in the US. All claims data were de-identified to 

comply with the Health Insurance Portability and Accountability Act (HIPAA) 

regulations. The Institutional Review Board (IRB) committee at the University of 

Minnesota determined that the study was exempt from review. 

 

Patient Selection and final study sample preparation 

We used a multistage process to form the final analytic sample. Firstly, we constructed a 

group of MTM patients comprised of patients older than 18 years of age who were 

exposed to MTM visits, identified using the unique MTM Current Procedural 

Terminology, Version 4, (CPT-4) codes 99605, 99606, and 99607 in the outpatient 

claims files. MTM patients’ index date was defined as the date of the first MTM visit 

occuring between January 1, 2008 and December 31, 2010.  A control group was formed 

for comparison through selecting 100 age and sex matched, non-MTM patients per MTM 

patient. Control group patients had no MTM-specific CPT codes in the period 2008-2011 

and were assigned the index date of their matched MTM patient. 
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To be eligible for inclusion, all patients had to have continuous enrollment in their health 

plan for six months before and 12 months after their designated index date. In the next 

stage, patients diagnosed with diabetes identified through the presence of diabetes 

specific International Classification of Diseases, Ninth Revision, Clinical Modification 

diagnosis codes (ICD-9) codes (250.xx) on two distinct dates of service between January 

1, 2007 and December 31, 2010 were selected. The date of the first diabetes-specific 

ICD-9 code was required to occur on or before the patient’s index date. At the third stage, 

propensity score models were used to form two exchangeable study groups (MTM vs. 

non-MTM) for evaluating impact of MTM on economic outcomes.  

 

Propensity scores (probabilities) were computed using a logistic regression model that 

estimated the probability of exposure to MTM services as a function of patient 

characteristics in the baseline period (6-months period prior to the index date). Patient 

characteristics included: demographic (age, sex and US census region), clinical (Charlson 

Score Index: a measure of comorbidity that assigns different weights to chronic diseases 

to reflect their impact on the rate of hospitalization and mortality; higher scores indicates 

more comorbidity burden),
120

 medication-related (number of unique maintenance drugs, 

number of unique anti-diabetes  medications-identified through national drug codes 

(NDC) and sum of pharmacy costs), number of unique physicians who saw the patient 

identified from the outpatient claims and health services utilization-related (proportion 

hospitalized, number of physician office visits and the sum of medical costs) variables. In 

addition to the linear terms mentioned above, squared terms for two variables, age and 
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number of maintenance drugs, were also added to the propensity model estimation 

equation to improve the model fit and predictive capabilities. Following the propensity 

score estimation, nearest neighbor matching (1:1) without replacement was carried out 

within a caliper (0.001 of the logit of the estimated propensity score) to form a group of 

control patients. Propensity score matching was implemented using the PSMATCH2 

matching algorithm in STATA (STATA Corp., College Station, TX).
121

  

 

Covariate balance following propensity score matching was assessed using t- and Chi-

square tests for continuous and categorical variables respectively. In addition, 

standardized differences were calculated for each covariate for further assessment of 

covariate imbalance.
122

 Finally, the final DID model controlled for each patient’s health 

plan type (Fee-For-Service vs. Non-Fee-For-Service) identified from the health plan’s 

annual enrollment files. 

 

A subgroup analysis for MTM and non-MTM patients who had at least one prescription 

fill for insulin (identified through the national drug codes “NDC”) in the baseline period 

was carried out using the same specifications for the propensity score model described 

above. Since previous research results had shown that patients with diabetes using insulin 

were more likely to utilize MTM more frequently,
119

 we hypothesized that the greater 

frequency of MTM visits would result not only in the demonstrated clinical benefits but a 

favorable economic benefit as well. Thus, a decision was made to run a separate analysis 

for this subgroup of patients. 
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Statistical Analyses 

To evaluate the impact of MTM services on the total health care costs, both patient 

groups (MTM and non-MTM) were followed for a total of 12 months post index date. 

The 12 months period was divided into period 1 (months 1-6 post index date) and period 

2 (months 7-12 post index date). To control for unobservable covariates associated with 

the probability of exposure to MTM, a non-linear difference-in-differences
89,90

  (DID)  

model was run accounting for three times points within the study period: baseline, period 

1 and period 2. The DID model was specified following Karaca-Mandic’s notation as 

follows: 
90

 

0 1 2 3 1 4 2 5 1 6 2( . . )Y F X Trt Post Post Post Trt Post Trt                

Where Y denotes the outcome of interest (total healthcare costs), and F represents a non-

linear link function that defines the relationship between the outcome and the linear 

predictor. For total health care costs (Y), a generalized linear model (GLM) with gamma 

distribution and a log link function was used. GLM models account for the skeweness 

and heteroskedasticity encountered with healthcare cost data by modeling relationships 

between the mean and the variance of the costs via a flexible function that can take 

various forms.
44

 X refers to a vector of additional covariates that are controlled for in the 

model (X vector includes an indicator of each patient’s health plan type, FFS vs. Non-

FFS, as well as other covariates that were not adequately balanced between the MTM and 

non-MTM patients following the propensity score matching step). Trt refers to a dummy 

variable which is equal to one if the observation is from the MTM group and 0 if from the 

non-MTM, Post1 denotes observations from the first period (period 1), Post2 denotes 
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observation from the second period (period 2), (Post1.Trt) and (Post2.Trt) are the time by 

intervention interaction terms. Those interaction terms are the primary parameters of 

interest; they represent the treatment effect of MTM services in periods 1 and 2 

respectively compared to the control group.
107

 Finally, Ɛ refers to a stochastic error term.  

 

DID models were fitted within a generalized estimating equations (GEE) framework to 

account for the correlation structure that exists between repeated observations (n=3) 

obtained on the same study unit.
123

 Using the medical component of the consumer price 

index (CPI), all costs were adjusted to 2011 dollar values.
124

 Statistical significance levels 

were pre-set at the 0.05 level. All statistical analyses were carried out using SAS 9.2 

(SAS Institute Inc., Cary, NC) and STATA version 12.0 (STATA Corp., College Station, 

TX). 

 

Results 

All diabetes patients 

A total of 544 diabetes patients exposed to MTM and 6,547 non-exposed diabetes 

patients met all the study inclusion criteria. Examining the two-groups baseline profiles 

revealed that the MTM patients had a notably higher disease/complexity burden 

evidenced by a higher mean Charlson score, a higher proportion of patients being 

hospitalized, a larger number of outpatient office physician visits on average and a 

greater economic burden indicated by medical costs that were almost triple the non-MTM 

patients’ medical costs ($14,070 vs. $5,104). (See Table 1)  
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Following propensity score matching, 39 MTM patients were excluded from the sample 

due to an inability to adequately match them to similar control patients. This yielded a 

final analytic sample size of 1,010 propensity-score matched patients (505 patients in 

each group). The MTM and non-MTM matched patients had a similar distribution of all 

control variables with the exception of the number of outpatient office visits and number 

of unique physicians post matching who had standardized differences >10. (See Table 

10) A decision thus was made to control for these two variables in the final DID model to 

take into account residual confounding that could result from such potential imbalance. 

Examining the health plan types showed that the non-MTM group had a significantly 

higher proportion of patients enrolled in FFS plans (83.76% vs. 64.75%, p-value<0.01). 

 

Non-linear multivariate DID models showed no significant differences in the total health 

care costs between the two study groups (MTM and non-MTM) in periods 1 and 2 when 

compared to the baseline period (See Table 12). There was an adjusted cost increase 

(approximately 11% for period 1 and approximately 5% for period 2) in the MTM group. 

However, those changes were not significantly different (p-values=0.54 and 0.79 for 

periods 1 and 2, respectively).  

 

Insulin patients 

There were 1,269 diabetes patients who had insulin prescriptions filled in the baseline 

period (132 MTM patients and 1,137 non-MTM patients). At baseline, the MTM group 

had higher medical costs ($25,869 vs. $9,024, p-value <0.001) and a higher proportion of 
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patients who were hospitalized (18.94% vs. 11.7%, p-value=0.01) (See Table 11). The 

total health care costs in MTM patients taking insulin therapy were significantly higher 

than the total health care costs reported for the all diabetes sample (Baseline medical 

costs: $25,869 vs. $14,070; Baseline pharmacy costs: $2,052 vs. $1,228).  

 

Forty-eight MTM patients were excluded from the subgroup analysis due to the absence 

of non-MTM potential matches based on propensity score matching algorithms. This 

yielded a final analytic sample size of 168 patients in each group (84 patients in each of 

the MTM and non-MTM groups) for which matching successfully produced a similar 

distribution of all matching variables with the exception of the age variable, which was 

controlled for in the final multivariate DID model (See Table 11).  

 

In the first six months after the index date (period 1), the total health care costs declined 

for both groups although the decline was more pronounced in the non-MTM group. In 

period 2, however, costs increased for the non-MTM group but significantly decreased 

for the MTM group (See Table 13). Unadjusted DID estimates of the total healthcare 

costs for period 1 was -$2,461 and $8,358 for period 2 when compared to the baseline 

period. Pharmacy costs, on the other hand, did not demonstrate changes in the first period 

for either group. However, there was a $323 reduction in pharmacy costs for the MTM 

group in the second study period compared to baseline (See Table 13).  
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Multivariate non-linear DID models showed that in period 1 the MTM group had a 24% 

increase (exp 0.21=1.25) in the total health care costs compared to the non-MTM group. 

However, that increase was not statistically significant (p-value=0.53). In period 2, the 

MTM group had a 46% reduction (exp -0.61=0.54) in the total health care costs as 

compared to the non-MTM group. This change was significant (p-value=0.047).  

 

Discussion 

This study investigated potential economic benefits that would add to the value that 

MTM can offer to patients, health systems, and society. When all diabetes patients are 

included in analysis, MTM services did not result in significant improvement in diabetes 

patients economic outcomes when results were compared to diabetes patients with similar 

clinical profiles who did not receive MTM.  Patients receiving MTM services (the MTM 

group) had non-significant increases of 11% and 5% in their total costs in periods 1 and 2 

as compared to the non-MTM group. These results differ from what has been reported by 

several MTM programs like Asheville project
18

 and the APhA sponsored Diabetes Ten 

City challenge project.
54,55

 Some of the reasons for these conflicting results could be the 

difference in characteristics of the population in each of the studies and the components 

of the MTM service that were delivered. For instance, the Asheville project only reported 

information about age, gender, HbA1c levels and type of diabetes of the study 

participants with no further information on their clinical characteristics. Compared to our 

study sample, the Asheville study population had lower mean age and a smaller 

percentage of male participants. Similarly, the Diabetes Ten City challenge study 
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provided a description of age, gender, ethnicity and education levels of patients enrolled 

in the study. With regards to the program components, both the Asheville and the 

Diabetes Ten City challenge studies provided sufficient details about the type of services 

that were offered through the MTM program under study. Our analyses, however, 

represent the experience of face-to-face delivered MTM services that vary widely in their 

care components by virtue of national representativeness of the MarksetScan® dataset. 

One last difference between the work presented here and the above mentioned studies lies 

in the study design. Our study had the advantage of using a matched control group with 

clinical burden profiles similar to the MTM group whereas both the Asheville and 

Diabetes Ten City challenge studies relied on a less rigorous pre-post design that lacks 

control groups. 

 

For diabetes patients with more complex diabetes medication regimens, our study results 

show that MTM programs are beneficial in reducing costs. Compared to the matched 

control group, MTM patients who were taking insulin at baseline had a 46% (CI: 1%-

70%, p-value=0.048) reduction in their total medical costs in the 7-12 month period 

following the initial MTM visit. Examination of the insulin cohort as compared to the 

general diabetes cohort clearly reveals that patients who received insulin had a more 

challenging clinical profile (higher Charlson score, higher number of chronic disease 

medications, a larger number of diabetes-medications and a higher mean pharmacy costs 

at baseline).  
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Such observed improvements highlight the importance of targeting MTM services to the 

more challenging and economically burdened patient groups who would benefit the most 

from MTM services components. Patients taking insulin have a higher tendency for being 

non-compliant with their prescribed regimen due to a multitude of factors.
125

 One of the 

factors that has been linked with sub-optimal adherence to insulin regimens is injection 

anxiety caused by poor communication with health care providers.
126,127

 Patient education 

and regular counseling are integral parts of MTM services. Through regular face-to-face 

visits, MTM pharmacists help patients increase their understanding of their disease and 

prescribed medications, mitigate misunderstandings that might result in lower adherence, 

and encourage patients to engage in healthy behaviors thus optimizing their therapy 

outcomes.
128

  

 

At a time when the US health care system struggles to curb costs and improve quality of 

care, MTM services offered by pharmacists represent a viable tool for policy makers to 

help meet those demands. The number of patients diagnosed with multiple chronic 

illnesses in the US has been steadily increasing over the past decade (63 million 

individuals in 2005).
129

 Pharmacists, by virtue of the clinical training focusing on patient 

care as it relates to drug therapy, are well poised to be an effective contributor to 

optimizing drug therapy outcomes and meeting nationally accepted clinical goals for 

patients with chronic diseases.  
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Pharmacists’ involvement in care delivery and optimization for patients with chronic 

diseases has been shown to result in reducing drug therapy problems, improve clinical 

outcomes and reduce economic burden. A special focus has been placed on optimizing 

drug therapy outcomes for patients with diabetes through MTM services. In 2012, 

diabetes remained the top targeted chronic disease by all Medicare Part D plans.
130

 These 

results are in concordance with our previous work;
107

 MTM patients are not only more 

complex clinically; they are also ‘high-cost’ patients. Together with our previous work 

that showed the ability of MTM services to help MTM patients meet optimal diabetes 

care clinical benchmarks,
107,119

 this study findings reinforce the clinical message by 

adding a beneficial economic dimension to MTM services outcomes. 

 

Methodologically speaking, we believe that this study has considerable strengths. Health 

care cost is known to be a complex outcome that is affected by a multitude of 

confounding factors; multivariate models, therefore, are the most appropriate way of 

evaluating healthcare costs.
44

 This study is among the few to focus on potential 

differences in total health care costs between MTM and non-MTM diabetes patients 

while controlling for potential confounders through multivariate statistical modeling 

techniques. Moreover, the current study simultaneously controlled for observed 

covariates by using propensity score matching and unobserved covariates by using 

difference-in-differences methods producing a more reliable estimate of the potential 

causal effect of MTM programs on diabetes patients’ economic outcomes.  
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Limitations 

This study used claims data for estimating the causal relationship between MTM services 

and total healthcare costs. Claims data are constructed mainly for administrative purposes 

rather than conducting research. Thus, important information like patient’s income, 

quality of life and disease severity are normally missing. Also, there still exists a finite 

probability of residual confounding inherent to any observational design that lacks 

random assignment of study participants to the study groups. Residual confounding could 

have resulted from unmeasured behavioral patients’ characteristics that affected their 

probability of receiving MTM services. These factors could include patient’s motivation 

levels and health beliefs. In addition, we had no information on the components of MTM 

services which were offered to the patients in our study. Since Truven MarketScan® is a 

nationally representative database, great variability is expected to exist between the MTM 

programs reported in the claims. Nonetheless, all of the MTM programs under study 

involved face-to-face encounters with the patients.  

 

Conclusion 

Exposure to MTM services results in reduction in costs of more complex diabetes 

patients moving them towards health care utilization that is equivalent to less complex 

diabetes patients when systematic clinical differences between patient groups’ are 

accounted for in multivariate models. This reduction was manifested six months 

following first MTM exposure and sustained over an additional 12 months. Caution 

should be practiced when reporting economic advantages/savings of MTM programs 

from studies utilizing non-optimal study designs and less robust statistical techniques. 
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Table 10: Baseline and post propensity score matching characteristics for all diabetes patients 

 

 
Pre Matching Post Matching 

Variables 
MTM 

(N=544) 

Non-MTM 

(N=6,547) 

P-

value 

MTM 

(N=505) 

Non-

MTM 

(N=505) 

Standardized 

differences 

P- 

Value 

Age 54.24 57.06 <0.001 54.95 54.42 7.93 0.21 

Charlson score 2.13 1.81 <0.001 2.07 1.92 7.94 0.21 

Number of 

maintenance 

medications 

 

4.31 4.54 0.17 4.14 4.02 3.25 0.61 

Number of 

diabetes 

medications 

 

1.21 1.43 <0.001 1.19 1.18 0.98 0.88 

Number of 

unique 

physicians 

 

2.76 2.24 <0.001 2.65 2.39 10.75 0.09 

Number of 

outpatient 

office visits 

4.22 3.2 <0.001 3.96 3.43 14.38 0.02* 

Sum of 

medical costs 
$14,070 $5,104 <0.001 $8,290 $7,886 2.77 0.78 

Sum of 

pharmacy 

costs 

$1,228 $1,765 <0.001 $1,212 $1,185 1.62 0.79 

Gender 

(%Males) 
69.12% 77.67% <0.001 70.50% 70.10% 0.87 0.89 

% Hospitalized 16.73% 6.51% <0.001 13.27% 12.67% 1.77 0.78 

Region 

1:Northeast 
2.02% 12.31% <0.001 2.18% 1.78% 2.87 0.65 

Region 

2:North 

Central 

19.12% 27.54% <0.001 20.40% 18.81% 4.01 0.52 

Region 3: 

South 
73.53% 43.10% <0.001 71.68% 72.87% 2.66 0.67 

Region 4: 

West 
5.33% 16.50% <0.001 5.74% 6.53% 3.29 0.60 

Region 5: 

Unknown 
0.00% 0.55% 0.082 NA NA NA 0.84 

*Significant at the 0.05 level 
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Table 11: Baseline and post propensity score matching characteristics for insulin patients 

 

 
Pre Matching Post Matching  

Variables 
MTM 

 (N=132) 

Non-MTM  

(N=1,137) 
P-values 

MTM 

 (N=84) 

Non-MTM 

 (N=84) 

Standardized 

differences 

P- 

values 

Age 53.02 56.88 <0.001* 56.46 55.04 21.86 0.16 

Charlson 

score 
2.57 2.34 0.21 2.58 2.45 6.29 0.68 

Number of 

Maintenance 

medications 

 

7.01 7.12 0.77 7.14 6.80 9.02 0.60 

Number of 

diabetes 

medications 

 

2.70 2.70 0.97 2.67 2.75 5.85 0.70 

Number of 

unique 

physicians 

 

2.86 2.73 0.62 2.61 2.71 3.96 0.8 

Number of 

outpatient 

office 

visits 

5.52 4.38 0.0039* 5.23 4.82 9.18 0.55 

Sum of 

medical 

costs 

$25,869 $9,024 <0.001* $12,542 $12,379 0.46 0.99 

Sum of 

pharmacy 

costs 

$2,052 $3,342 <0.001* $2,266 $2,471 9.53 0.63 

Gender 

(%Males) 
0.69 0.78 0.025* 76.19% 77.38% 2.82 0.86 

% Hospitali- 

zed 
0.19 0.12 0.01* 16.67% 15.48% 3.24 0.83 

Region 1: 

Northeast 
2.27% 10.99% 0.0016 3.57% 4.76% 5.96 0.7 

Region 2: 

North 

Central 

19.70% 29.99% 0.0135 28.57% 26.19% 5.34 0.73 

Region 3: 

South 
75% 40.81% 0.0135 63.10% 65.48% 4.97 0.75 

Region 4: 

West 
3.03% 17.85% <0.001 4.76% 3.57% 5.96 0.7 

Region 5: 

Unknown 
0% 0.35% 0.49 NA NA NA NA 

*Significant at the 0.05 level 
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Table 12: Difference-in-differences model results for the propensity score matched samples 

 

All diabetes patients (n=1,010) 

 

Parameter 
Coefficient 

Estimate 

Standard 

Error 

95% Confidence 

Limits 
P-value 

Intercept 8.1806 0.1299 7.926 8.4351 <.0001 

MTM 0.0759 0.1623 -0.242 0.3941 0.6402 

Post1 0.0545 0.0713 -0.085 0.1942 0.444 

Post2 -0.013 0.0693 -0.149 0.1226 0.8489 

Post1*MTM 0.1058 0.1714 -0.23 0.4418 0.5372 

Post2*MTM 0.0493 0.1859 -0.315 0.4137 0.7909 

Number of 

unique 

physicians 

0.0537 0.0241 0.0066 0.1009 0.0255 

Number of 

outpatient 

office visits 

0.1285 0.0142 0.1008 0.1563 <.0001 

Non FFS vs. 

FFS 
-0.03 0.0615 -0.15 0.0908 0.6282 

Insulin patients only (n=168) 

 

Parameter 
Coefficient 

Estimate 

Standard 

Error 

95% Confidence 

Limits 
P-value 

Intercept 9.4371 1.6088 6.284 12.59 <.0001* 

MTM -0.023 0.3528 -0.715 0.6681 0.9473 

Post1 0.1782 0.1317 -0.08 0.4364 0.1762 

Post2 -0.101 0.081 -0.26 0.058 0.2135 

Post1*MTM 0.2137 0.3436 -0.46 0.8871 0.5339 

Post2*MTM -0.609 0.3071 -1.21 -0.007 0.0475* 

Age 0.0024 0.0279 -0.052 0.057 0.9325 

Non FFS vs. 

FFS 
0.0407 0.1343 -0.223 0.3038 0.7618 

*Significant at the 0.05 level 
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Table 13: Cost components for the Insulin group 

 

 
MTM Non-MTM 

 Mean SD Mean SD 

Total costs before $14,808 $30,138 $14,851 $40,581 

Total costs 0-6 

months 
$12,927 $22,001 $10,509 $21,992 

Total costs 7-12 

months 
$9,868 $15,813 $18,269 $65,407 

DID 1-6 months -$2,461    

DID 7-12 months $8,358 
 

  

 

Medical Costs 

 

Medical costs before $12,542 $29,119 $12,379 $40,276 

Medical costs 0-6 

months 
$10,739 $21,122 $7,991 $21,707 

Medical costs 7-12 

months 
$8,003 $15,034 $15,844 $65,207 

 

Pharmacy Costs 

Pharmacy costs 

before 
$2,266 $2,166 $2,472 $2,153 

Pharmacy costs 0-6 

months 
$2,188 $2,415 $2,518 $2,158 

Pharmacy costs 7-12 

months 
$1,866 $1,842 $2,426 $2,262 
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Figure 5: Graph of total health care costs trends over time for Insulin patients 
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Supplementary Results  

 

The following table represents the results of the logistic regression model that was used 

to derive the probability/propensity of each patient to receive MTM service based on the 

baseline characteristics. These propensities were used for the matching process. 

 
Table 14: Results of logistic regression modeling the probability of exposure to MTM services among 

the whole sample (n=7,055) 

 

 Predictor  Coefficient SE Z 

95% 

Confidence 

Interval 

P-

value 

              

Age -0.161 0.070 -2.300 -0.298 -0.024 0.021 

(Age)^2 0.001 0.001 1.420 0.000 0.002 0.155 

Gender (Males) -0.190 0.107 -1.780 -0.399 0.019 0.074 

Sum of Pharmacy 

Costs 0.000 0.000 -5.750 0.000 0.000 0.000 

Sum of medical costs 0.000 0.000 3.110 0.000 0.000 0.002 

Number of 

maintenance 

medications -0.061 0.037 -1.680 -0.133 0.010 0.094 

(Number of 

maintenance 

medications)^2 0.007 0.002 3.300 0.003 0.012 0.001 

Number of diabetes 

medications -0.068 0.046 -1.470 -0.159 0.022 0.141 

Number of Unique 

physicians -0.016 0.017 -0.950 -0.050 0.018 0.343 

Number of outpatient 

office visits 0.059 0.013 4.470 0.033 0.085 0.000 

Charlson Score 0.042 0.029 1.470 -0.014 0.098 0.141 

Hospitalization 0.657 0.162 4.040 0.338 0.975 0.000 

Region 2:North 

Central 1.533 0.329 4.660 0.889 2.178 0.000 

Region 3: South 2.350 0.317 7.410 1.728 2.972 0.000 

Region 4: West 0.653 0.365 1.790 -0.062 1.369 0.074 

Constant 1.794 1.811 0.990 -1.755 5.343 0.322 
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The following table represents the results of the logistic regression model that was used 

to derive the probability/propensity of each patient to receive MTM service based on the 

baseline characteristics. These propensities were used for the matching process. 

 

 

 
Table 15: Results of logistic regression modeling the probability of exposure to MTM services among 

the Insulin sample (n=1,265) 

 

 Predictor Coefficient SE Z 

95% Confidence 

Interval P-value 

              

Age -0.161 0.070 -2.300 -0.298 -0.024 0.021 

(Age)^2 0.001 0.001 1.420 0.000 0.002 0.155 

Gender (Males) -0.190 0.107 -1.780 -0.399 0.019 0.074 

Sum of Pharmacy 

Costs 
0.000 0.000 -5.750 0.000 0.000 0.000 

Sum of medical costs 0.000 0.000 3.110 0.000 0.000 0.002 

Number of 

maintenance 

medications 

-0.061 0.037 -1.680 -0.133 0.010 0.094 

(Number of 

maintenance 

medications)^2 

0.007 0.002 3.300 0.003 0.012 0.001 

Number of diabetes 

medications 
-0.068 0.046 -1.470 -0.159 0.022 0.141 

Number of Unique 

physicians 
-0.016 0.017 -0.950 -0.050 0.018 0.343 

Number of outpatient 

office visits 
0.059 0.013 4.470 0.033 0.085 0.000 

Charlson Score 0.042 0.029 1.470 -0.014 0.098 0.141 

Hospitalization 0.657 0.162 4.040 0.338 0.975 0.000 

Region 2:North 

Central 
1.533 0.329 4.660 0.889 2.178 0.000 

Region 3: South 2.350 0.317 7.410 1.728 2.972 0.000 

Region 4: West 0.653 0.365 1.790 -0.062 1.369 0.074 

Constant 1.794 1.811 0.990 -1.755 5.343 0.322 
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Chapter 6: Impact of Medication Therapy Management (MTM) Services on 

healthcare costs in polypharmacy patients: Evidence from retrospective claims 

analysis of commercially insured US population 

 

Soliman AM, Carlson AM, Dowd BE, Schommer JC. Impact of Medication Therapy 

Management (MTM) Services on healthcare costs in polypharmacy patients: Evidence 

from retrospective claims analysis of commercially insured US population. (Submitted) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Presented at the International Society of Pharmacoeconomics and Outcomes Research (ISPOR) 18

th
 

Annual International Meeting, New Orleans, LA 2013. 

 

 



 

 123 

Abstract 

 

Objective: To examine the impact of face-to-face MTM services on drug and medical 

expenditures and total health care costs in poly-pharmacy patients. 

Design: Retrospective cohort with before and after observations 

Settings: MTM programs offered to commercially insured patients in the period 2007-

2011 

Patients: Patients >18 years with polypharmacy (taking four or more chronic disease 

medications) 

Intervention: Face-to-face MTM services identified using MTM-specific CPT codes 

99605, 99606, 99607 

Main Outcome Measures: Medical and Pharmacy costs assessed at 6 and 12 months 

following initial MTM exposure (periods 1 and 2 respectively) as compared to control 

patients 

Results: Four hundred and one MTM patients were propensity-score matched to an equal 

number of non-MTM patients based on demographic characteristics, drug-related, 

clinical status and health services utilization covariates. Unadjusted total costs 

differences-in-difference (DID) estimates for period 1 were $3,718 and $6,293 for period 

2. DID models with gamma distribution and log link functions showed that total health 

care costs were not significantly different between the two groups in period 1 but were 

35% less (95% CI:4%-56%, p-value=0.029) in the MTM group  in period 2. Period 2 cost 

reduction was driven by medical costs (40% reduction, 95% CI: 4%-62%, p-
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value=0.032); no significant differences in pharmacy costs were observed in both 

periods. 

Conclusion: Exposure to face-to-face MTM reduced medical costs for poly-pharmacy 

patients. Favorable economic outcomes were detected beginning 7 months after MTM 

exposure. MTM plays an important role in reducing overall health care costs for poly-

pharmacy patients. 

 

Keywords: Medication Therapy Management, Economic outcomes, Poly pharmacy, 

Chronic disease medications 
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Article relevance and contribution to literature 

 

Numerous reports have shown that MTM services help to resolve drug-related problems, 

ameliorate clinical outcomes, improve medication adherence and impact economic 

burden for patients with chronic diseases favorably. Nonetheless, most published studies 

report results for MTM programs that were delivered within a specific healthcare setting 

confined to certain geography which limit the generalizability of the findings. Rigorous 

studies are needed to increase our understanding of how MTM programs perform 

nationally. In addition, in-depth analysis of patient subgroups that benefit the most from 

MTM interventions is also a much needed research focus. This study aims to fill these 

knowledge gaps by analyzing claims data from a nationally representative database 

(MarketScan® Commercial and Encounters Database) to assess the impact of receiving 

MTM services for patients taking four or more chronic disease medications. The main 

outcomes are medical and total healthcare costs in MTM patients compared to a control 

group formed using propensity score matching to ensure its similarity to the MTM group 

in terms of clinical, co-morbidity and healthcare utilization profiles. The results show that 

patients exposed to MTM accrued economic benefits seven months after the initial MTM 

encounter. The cost reduction was driven by the decrease in medical costs. Subgroup 

analyses showed that patients who had a more complex clinical profile and higher 

economic burden at baseline were the most likely to benefit from MTM interventions. 

These results could be used as basis for expanding complex patients’ access to MTM 

programs and as a valuable tool in proper targeting of MTM beneficiaries by health plan 

administrators. 
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Introduction 

Given the accumulated evidence on the economic and clinical burden of drug-associated 

adverse events
9,131

 and the high prevalence of medication non-adherence across almost all 

chronic diseases,
50

 health care services that improve the quality of prescription drug use 

to achieve full therapeutic potential by reducing adverse events, ensuring medication 

adherence, maximizing clinical benefits and reducing overall health care costs become of 

prime importance.  To contribute to these goals and assist the health care system in 

achieving them, pharmacists have been moving progressively from a product-oriented 

practice focusing on medication dispensing to a patient-focused practice with direct 

patient care.
4,5 

 

Due to promising clinical and economic outcomes of early pharmacy practice programs 

that included such patient-focused pharmacy practices,
23,18,19,21,22

 Congress passed the 

Medicare Prescription Drug, Improvement, and Modernization Act (MMA) in 2003. The 

MMA recognized a pharmacist-led and delivered bundle of cognitive services named 

Medication Therapy Management (MTM), which had its theoretical basis in the 

pharmaceutical care philosophy of pharmacy practice.
10

 MTM represents a unique 

pharmacist-delivered health care service that carries the potential of satisfying the goals 

of optimizing pharmaceutical care, improving medication adherence and reducing overall 

health care costs through a patient-centered care process within an inter-professional 

collaboration model. 
29,132

 Figure 6 outlines the core elements of MTM services and how 
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they integrate with other health care providers and the final recipient of the care 

process—the patient.
29

 

 
 
Figure 6: Care components of MTM services and their integration within health care delivery 

 

The Centers for Medicare and Medicaid (CMS) mandate each Part D plan to offer MTM 

services to a defined subset of its enrollees as a benefit.
25

 The latest Medicare eligibility 

requirements to receive MTM services blend factors related to existing disease, number 

of medications taken by the patient and the expected drug-related economic burden of the 

potential enrollee over one year.
32

 These factors are well designed because MTM’s 

promise is to coordinate the care process for patients taking multiple medications (poly-

pharmacy), reduce drug therapy problems and associated drug related adverse events, 

improve medication adherence and reduce overall costs of care. 

Multiple studies have reported economic outcomes of exposure to MTM services for 

chronic diseases’ patient populations. Famous examples include the Asheville study
16,17
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and the Minnesota Blue Cross/Blue Shield programs
15

. However, a lot of these studies 

have limitations with regards to design (lack of control groups, using non-equivalent 

control groups) and statistical methodology.
25,37

 In addition, many of the studies 

evaluating MTM services following its official recognition in MMA act have focused on 

MTM programs offered within a confined healthcare system
13,16-18,133

 or Medicare 

populations
27,28,58,134

 with less emphasis placed on patient populations falling outside that 

realm. For Medicare populations, by CMS definition, the included MTM beneficiaries 

have to have poly-pharmacy, although different health plans can set their criteria for 

defining poly-pharmacy. Studies reporting the economic benefits of MTM for Medicare 

beneficiaries include Welch et al.,
45

 who reported the economic outcomes for MTM 

programs delivered to home-based Medicare beneficiaries. Also, Ward et al.
27

 reported 

the economic outcomes for a telephonic MTM program delivered to Medicare Advantage 

Prescription Drug Plan (MAPD) enrollees. Our study, on the other hand, attempts to fill 

the gap by focusing on non-Medicare patients taking multiple medications (poly-

pharmacy) extracted from a nationally representative claims database. Furthermore, we 

use robust statistical methodology to derive reliable estimates of the impact of exposure 

to MTM services on economic outcomes. Thus, the objective of this study is to examine 

the impact of face-to-face MTM services on drug expenditures, medical expenditures and 

total health care costs in patients taking multiple chronic medications. In addition, the 

heterogeneity of MTM treatment effect is explored by examining the impact of MTM on 

health care costs for poly-pharmacy patients with differing likelihoods for receiving 

MTM services based on their clinical and economic profile characteristics. 
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METHODS AND MATERIALS 

Data Source 

This study used the Truven Health MarketScan® Commercial Claims and Encounters 

database (MarketScan Database; Truven, Ann Arbor, MI) for the period 2007-2011. The 

Commercial database contains fully adjudicated medical and prescription drug claims 

(for inpatient services, outpatient services, and prescription drugs claims) for 111, 

425,591 employed individuals in the US having commercial insurance. All the claims 

data elements are fully de-identified and are in compliance with the Health Insurance 

Portability and Accountability Act (HIPAA) regulations.  This analysis was deemed 

exempt from review by the Institutional Review Board (IRB) committee at the University 

of Minnesota. 

 

Patient Selection 

The final analytic sample was defined using a 3-stage patient selection process.  In the 

first stage adults older than 18 years between January 1, 2007, and December 31, 2010 

were eligible for initial inclusion. Two patient groups were defined. The first group was 

patients exposed to at least one MTM visit, identified through outpatient claims having 

MTM specific Current Procedural Terminology (CPT) codes (99605, 99606, 99607). The 

index date for MTM patients was defined as the date of the first MTM encounter between 

January 1, 2008 and December 31, 2010.  The second patient group, the control group, 

was formed by selecting 100 matches per each MTM patient based on age and sex who 

had no MTM visits. The control group patients were assigned the index date of their 
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matched MTM patient. This controlled for potential confounding that could result from 

temporal trends in health care utilization. Once index dates were established, the analysis 

was limited to patients having continuous health plan enrollment for 18 months (6 

months pre index date and 12 months post index date). 

 

In the next stage of patient selection, patients with poly-pharmacy (four or more chronic 

medications-identified through the pharmacy claims in the 6 months period prior to the 

established index date) in the two previously formed patient groups were identified. This 

poly-pharmacy definition is in accordance with the indication for MTM service as 

operationalized by a nationwide administrator of MTM services,
83

 was set a criteria for 

receiving pharmacy services in the most cited clinical trial that assessed the impact of 

pharmacy services on health outcomes
135

 and lies within the range of chronic medications 

eligibility criteria for receiving MTM services as defined by CMS in response to the 

MMA legislation.
32

 

 

The final stage in patient selection involved a propensity score analysis to form two 

similar and exchangeable study groups. Propensity scores were computed using logistic 

regression that modeled the probability of exposure to MTM services based on patients’ 

characteristics in the baseline period (defined as the 6- month period before the index 

date). The MTM exposure equation controlled for baseline demographic (age, gender and 

US census region), clinical status related (Charlson Score),
120

 drug related (number of 

maintenance/chronic dugs, number of unique outpatient pharmacies appearing in the 
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prescription claims and total sum of pharmacy costs), poly-medicine (number of unique 

physicians seen in the outpatient setting) and health services utilization related (being 

hospitalized, number of outpatient office visits identified through CPT codes “99201-

99215”, number of ER visits identified through CPT codes “99281-99288” and the total 

sum of medical costs) variables that are likely to predict patients’ exposure to MTM 

services. Medical costs included costs of overnight hospitalizations, emergency 

department visits, hospital day visits, physician outpatient visits and others (ambulance, 

durable medical equipment, etc). A nearest neighbor matching (1:1) within a caliper of 

0.001 of the logit of the propensity score technique without replacement was used to form 

a group of control patients using the PSMATCH2 routine in STATA software.
121

 T-and 

Chi-square tests were used to assess balance in covariates after propensity matching. A 

secondary check on the balance was also done using the method of standardized 

differences.
122

 Finally, the health plan type for each patient (Fee-For-Service vs. Non-

Fee-For-Service) was determined from patient enrollment files and controlled for in the 

final multivariate DID model. 

 

Statistical Analyses 

All matched patients selected for final analyses were followed for a12-month post-index 

date period. The main outcome of interest was the total health care costs incurred by 

patients in period 1 (months 1-6) and period 2 (months 7-12). To control for 

unobservable characteristics potentially linked with the probability of exposure to MTM 

and the final outcomes, a multivariate non-linear difference-in-differences
89,90

 (DID)  
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model that accounted for the 3 times points of the study period: baseline, period 1 and 

period 2 was used. The DID model was specified as follows: 

0 1 2 3 1 4 2 5 1 6 2( . . )Y F X Trt Post Post Post Trt Post Trt              

Where Y denotes the outcome of interest (Total Costs and Medical Costs), F denotes the 

non-linear function that relates the outcome to the linear predictor within the generalized 

linear model (GLM). For total health care costs, a gamma distribution with a log link 

function model was used. Generalized linear models (GLM) have been extensively used 

to account for the skewed nature of health care cost data while allowing for 

heteroskedasticity through flexible relationships between the mean and the variance of 

the costs.
44

 X denotes a vector of covariates that are controlled for in the model (in this 

case, X referred to a binary indicator of health plan type, FFS vs. Non-FFS, as well as 

any other covariate that was not adequately balanced in the propensity score matching 

step). Trt denotes a dummy variable reflecting MTM group membership, Post1 denotes 

observations from period 1, Post2 denotes observation from period 2, (Post1.Trt) and 

(Post2.Trt) are the interaction effects that represent the treatment effect of MTM services 

in periods 1 and 2 compared to the baseline period. All DID models were run within a 

generalized estimating equations (GEE) framework to account for the correlation of 

repeated observations obtained on the same patient.
123

 Because a logarithmic link 

function was used, the regression coefficients were exponentiated to determine the ratios 

of healthcare costs between the MTM and non-MTM group.
136
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For evaluation of the presence of heterogeneous treatment effects of MTM across 

different patient groups, comparison of the medical costs was carried out across patient 

subgroups defined based on propensity score quintiles. Rosenbaum and Rubin showed 

that sub-classification on propensity score quintiles removed 90% of bias due to 

confounding.
137

 T-tests and Chi-square tests were used post sub-classification to ensure 

adequate balance of confounders within each quintile. All subgroup cost comparisons 

were carried out using generalized linear models with gamma distribution and log link 

functions that adjusted for MTM status (Yes/No), FFS status (Yes/No) as well as any 

confounder that was found to be significantly different between the MTM and non-MTM 

group in any quintile. The statistical significance level was set at the nominal 0.05 level. 

All costs were adjusted to 2011 dollar values using the medical component of the 

consumer price index (CPI).
124

All statistical analyses were carried out using SAS 9.2 

(SAS Institute Inc., Cary, NC) and STATA version 12.0 (STATA Corp., College Station, 

TX). 

 

Results 

The initial stage of patient selection resulted in 1,069 patients who received MTM 

services and were matched to 106,900 control patients based on age and gender. The 

second patient selection phase, poly-pharmacy patients meeting all the study inclusion 

criteria, included 420 patients exposed to MTM and 17,460 patients who were not 

exposed to MTM. A comparison of the baseline clinical and utilization profiles for these 

two groups of patients is shown in Table 16. 
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The MTM group had a notably higher disease burden indicated by a higher Charlson 

score, a higher proportion hospitalized, a more complex therapeutic regimen indicated by 

a higher number of maintenance medications and a larger economic burden indicated by 

medical costs that were approximately five times higher than the control group ($25,064 

vs. $6,081). Following the third stage of patient selection, propensity score matching, 19 

MTM patients were excluded because of an inability to match them to equivalent control 

patients yielding a final analytic sample size of 802 (401 MTM and 401 non-MTM) 

patients. For the MTM group, the average number of MTM visits was 5.41 visits 

(Median=3 visits). Both the MTM and non-MTM groups had comparable distributions of 

all matching variables as shown by non-significant p-values for all the T- and Chi-square 

test comparisons. The standardized differences method showed that all the variables had 

values lying below the recommended 10% level with the exception of Charlson score. To 

control for potential imbalance that could result from such residual confounding in that 

specific variable, Charlson score was included in the final DID model as a sensitivity 

analysis to test for its effect on the final outcomes. With regards to the health plan type 

(FFS vs. Non-FFS), MTM matched patients had a significantly lower proportion of 

patients enrolled in FFS plans (70.07% vs. 86.03%, p-value <0.001) and thus proportion 

of FFS enrollees was also controlled for in the final model. 

 

Medical costs declined for both study groups over time but the rate of decline was more 

pronounced for the MTM group (Table 17). Pharmacy costs, in comparison, were 

relatively stable over the entire study period with minimal fluctuation over the course of 
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the 18 months. Unadjusted DID estimates for the total costs in the matched sample 

showed that compared to the baseline period, the DID estimate for period 1 was $3,047 

where as DID for period 2 was $6,216. 

 

Non-linear DID models showed that, compared to the baseline period, the total health 

care costs were not significantly different in period 1 (Table 18). However, the total 

health care costs of the MTM group in period 2 were [exp(-0.361) = 0.696] times the 

costs of the non-MTM group (p-value=0.027). In other words, costs in the MTM group 

were ~30% less than the non-MTM group. An examination of the major driver for such 

cost reduction revealed that it was the medical costs that brought about the overall 

reduction in health care costs as shown in the DID regression models run for the medical 

costs separately. The MTM group medical costs in period 2 were [exp(-0.39)= 0.677] 

times the costs of the non-MTM group i.e. 32% less (p-value=0.052). The Charlson score 

index was a significant predictor of total and medical health care costs (p-value <0.001). 

However, its inclusion had a minimal effect on the magnitude and significance of the 

time by treatment interaction coefficients which represent the treatment effect of MTM. 

The type of health plan (FFS vs. Non-FFS) did not affect total or medical health care 

costs significantly (p-value >0.5). 

 

Subgroup Analyses 

Statistical testing for significant differences between MTM and non-MTM groups within 

each propensity score quintile showed adequate balance across all covariates, indicated  



 

 136 

by non-significant p-values for t- and Chi-square test used for comparison, except for the 

number of outpatient office visits which was significantly different between MTM and 

Non-MTM patients in the 3
rd

 quintile. Thus, a decision was made to control for this 

specific covariate in addition to MTM and FFS status in the multivariate cost models. 

Comparisons across patients with differing propensities to receive MTM services, based 

on their clinical and economic profiles, revealed that patients with the highest likelihood 

of receiving MTM services were the patients with the highest economic and clinically 

complex burdens. An examination of the baseline characteristics of patients who 

comprised the 4
th

 and 5
th

 propensity score quintiles reveals that those patients had a 

significant comorbidity burden, large number of chronic medications dispensed, a high 

rate of medical services utilization (hospitalization, outpatient office visits and ER visits) 

and a heavy medical and pharmacy cost burden (See Table 20). Multivariate medical cost 

models showed that MTM services were most likely to produce its potential overall cost 

reduction effect, shown above for the overall sample, by impacting the medical costs 

favorably in the top quintiles. MTM group had significantly lower costs in the 4th and 5th 

quintiles in Period 2. In Period 2, MTM patients had a significant reduction in their 

medical costs compared to the non-MTM group (4th Quintile: p-value=0.038; 5th 

quintile: p-value <0.001, Table 19). An interesting finding was that, patients in the non-

MTM group had significantly lower medical costs in the 2nd quintile in both Periods 1 

and 2. 

 

 



 

 137 

 

Discussion 

The clinical burden of inappropriate medication utilization and its associated economic 

costs are main targets of federal laws for rectification.
23

 Potential drug-related problems 

and inappropriate drug utilization are likely to be exaggerated in patients taking multiple 

chronic medications (polypharmacy).
138,139

 This study is among the first to examine the 

effects of MTM pharmacy-administered services for patients with poly-pharmacy from a 

nationally representative privately insured patients. The literature on MTM evaluation 

has only one similar study reported by Barnett et al.
83

 That study, however, was 

descriptive in nature, used projected costs avoidances as estimated by the MTM 

pharmacist rather than reliance on actual adjudicated claims, had no control group against 

which to contrast the outcomes of the MTM group and did not restrict analysis to poly-

pharmacy patients.
83

 

 

Our study found that exposure to MTM services was associated with a reduction in total 

health care costs that was manifested beginning seven months after MTM initiation. It is 

worth noting that there were no significant differences between the two matched groups 

(MTM and non-MTM) in the six months following the first MTM visit. This observation 

is of practical importance to program administrators and insurers aiming to evaluate 

newly implemented MTM programs. MTM programs could potentially lead to cost 

reduction but after a lag period, found to be six months in this study. 
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The reduction in total health care costs was largely driven by the reduction in medical 

costs rather than the pharmacy costs, a finding similar to the results reported by Ward et 

al. that examined telephone-based MTM services in Medicare beneficiaries.
27

 Pharmacy 

costs were not significantly different between the two comparison groups in the three 

observation periods in this study.  This differs from the findings reported by Welch et al. 

that Medicare patients receiving MTM services were more likely to incur higher 

medication costs.
45

 The dissimilar findings may be attributable to the underlying 

populations; Welch et al. reported on a Medicare population in contrast to this study of a 

non-Medicare poly-pharmacy population and to the variability of MTM programs 

represented in the MarketScan® database.  MTM programs vary widely in the activities 

and roles that pharmacists perform. Some programs, for instance, have collaborative 

agreements with physicians that allow MTM pharmacists to add or intensify drug therapy 

for patients with specific chronic diseases.
15,43

  This could lead to an increased cost of 

medications in such settings. No information on the specific type of service offered by 

the MTM programs under evaluation was available for us, however. 

 

This study’s findings make an important contribution to the body of evidence on the 

favorable economic outcomes of MTM programs. The findings also demonstrate that 

proper targeting of MTM services to patients who need them the most is the most rational 

strategy to realize the promised clinical and economic benefits of MTM. Complex 

patients with more challenging comorbidity profiles and higher medical and pharmacy 

economic burden should be the prime target beneficiaries for MTM programs. Subgroup 
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analyses revealed that MTM overall cost reduction effect was not consistent across all 

patients subgroups. In fact, the MTM group had significantly higher medical costs in the 

1
st
 and 2

nd
 propensity score quintile. However, the magnitude of cost reduction, MTM’s 

intervention effect, became more pronounced as the level of patient complexity (higher 

baseline medical and pharmacy costs in addition to high number of chronic disease 

medications used) increased. Such findings could inform policies that expand access to 

MTM programs for complex patients. Administering MTM services to non-complex 

patients, on the other hand, is not expected to show noteworthy economic benefits that 

would balance out the cost of the service and thus ought to be carefully evaluated. Our 

analysis showed that this could be associated with increased economic burden. 

 

The study results can be used to refine targeting for patients’ enrollment in MTM 

programs by health benefits administrators and commercial health plans. While the 

eligibility criteria for receiving MTM services seem to be well defined, though 

undergoing annual revisions and changes, for the Medicare population,
32

 the current 

practice of offering MTM services to commercial non-Medicare patients enrolled in 

health plans has yet to be clearly defined. Since pharmacists trained to deliver MTM 

services are represent a limited resource, economic efficiency principles call for utilizing 

pharmacists in a manner that produces the most clinical and economic benefit for the 

health care system. Our analyses show that non-Medicare patients with high levels of 

comorbidities and medical/pharmacy economic burdens should be the top priority for 

targeting by the highly-trained MTM pharmacists. As the quest for affordable health care 
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continues, quality improvement programs like MTM that can promote optimal clinical 

care and reduce health care costs will continue evolving to become of national 

significance. 

 

Methodologically, this study offers significant advantages for evaluating MTM services 

using an observational design that rely on secondary data. Observational study designs 

are prone to two general sources of bias: that due to observable covariates and that due to 

unobservable ones. This study controlled for selection bias arising due to observable 

covariates by running a propensity score model using a list of confounders that are likely 

to affect the treatment selection process, thereby achieving the exchangeability condition 

which is one of the main requirements for a causal effect to be identifiable.
77,140,76

  

Following that, a DID estimation framework was used  to account for the limitation of 

many claims-based analyses—the inability to capture unobservable confounders. DID 

models cancel out unobservable confounders by assuming time-invariance.
89

  

 

As the efforts for gaining national recognition for pharmacists’ services in the community 

and outpatient settings continues, rigorous research evaluating the beneficial impact of 

pharmacists’ interventions on economic and clinical outcomes constitutes a fundamental 

tool that aids advocacy for MTM. Establishing the evidence base for the MTM services’ 

clinical and economic value is a must for this pharmacy practice model to flourish and 

persist.
36,37
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Limitations 

Inherent to observational studies, non-random assignments of patients to treatment 

groups could have resulted in residual confounding. Although we controlled for multiple 

disease-related and drug related variables that could have affected the likelihood of 

receiving MTM services, claims data usually suffer the inability to capture behavioral 

factors like patients’ health beliefs, self-motivation. In addition, we used MTM-specific 

CPT codes to ascertain the exposure status of our sample. To our knowledge, this is the 

study among the first to use the CPT codes to detect MTM services. Our current work 

comparing actual MTM encounters to adjudicated MTM claims for those encounters 

within a large integrated health care system in Minnesota indicates that CPT codes is 

likely to underestimate the true frequency of exposure to MTM services because not all 

MTM submitted claims were approved by the insurers. Further evaluations are needed to 

determine the extent to which MTM-specific CPT codes represent actual number of 

MTM encounters. Finally, our study spanned a period of 18 months only. Longer follow-

up periods are required to capture the full effects of MTM programs in practice. 

Conclusion 

Exposure to face-to-face MTM services resulted in reducing medical costs with no 

change in pharmacy costs for patients taking multiple chronic medications. Favorable 

economic outcomes were detected seven months after the initial MTM exposure. MTM 

programs could play a crucial role in optimal quality improvement for patients with 

chronic diseases while reducing the overall health care costs. 
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Table 16: Study sample characteristics prior to and after propensity score matching 

 

 Pre-Matching Post- Matching  

Variables 
MTM 

(N=420) 

Non-MTM 

(N=17,46) 
P-value 

MTM 

(N=401) 

Non-MTM 

(N=401) 

Standardized 

differences 
P-value 

Age 

 
54.84 57.40 <0.001

a
 55.18 55.48 4.31 0.54

a
 

Charlson 

Score 

 

2.05 1.46 <0.001
a
 1.98 2.23 11.95 0.09

a
 

Number of 

maintenance 

medications 

 

6.83 5.92 <0.001
a
 6.66 6.74 2.68 0.70

a
 

Number of 

unique 

physicians 

 

2.85 2.44 0.002
a
 2.86 3.14 7.87 0.27

a
 

Number of 

office 

outpatient  

visits 

 

5.33 3.58 <0.001
a
 5.01 5.40 7.48 0.29

a
 

Number of 

ER visits 

 

0.70 0.22 <0.001
a
 0.56 0.64 5.44 0.44

a
 

Sum of 

medical 

costs 

$25,064 $6,081 <0.001
a
 $18,138 $15,751 5.99 0.35

a
 

Sum of 

pharmacy 

costs 

$2,103 $2,217 0.38
 a
 $2,051 $2,250 8.08 0.46

a
 

Gender 

(%Males) 
64.76% 75.29% <0.001

b
 65.84% 65.59% 0.53 0.94

b
 

% Hospitali- 

Zed 
25.24% 7.81% <0.001

b
 21.95% 23.94% 4.75 0.50

b
 

Northeast 2.14% 11.66% <0.001
b
 2.24% 3.24% 6.13 0.32

b
 

North 

Central 
28.10% 27.69% <0.001

b
 28.43% 26.43% 4.48 0.52

b
 

South 62.14% 42.97% <0.001
b
 61.35% 62.84% 3.07 0.66

b
 

West 7.62% 17.10% <0.001
b
 7.98% 7.48% 1.87 0.79

b
 

Unknown 0.00% 0.58% <0.001
b
 NA NA NA NA

b
 

a=t-test based p-value    b=chi-squared test based p-value 
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Table 17: Cost trajectories over time for the matched sample 

 

 
MTM 

 

Non-MTM 

 

 Mean SD Mean SD 

Total sum before $20,189 $44,644 $18,001 $36,678 

Total sum 0-6 months $12,482 $24,192 $13,342 $34,897 

Total sum 7-12 months $9,130 $13,430 $13,159 $30,862 

Unadjusted DID 1-6 

Months 
$3,047    

Unadjusted DID 7-12 

Months 
$6,216    

Medical Costs 

 Mean SD Mean SD 

Medical sum before $18,138 $43,546 $15,751 $35,858 

Medical sum 0-6 months $10,277 $22,881 $11,044 $34,395 

Medical sum 7-12 months $7,106 $12,548 $10,849 $30,310 

Pharmacy Costs 

 Mean SD Mean SD 

Pharmacy sum before $2,051 $2,621 $2,250 $2,312 

Pharmacy sum 0-6 months $2,206 $3,548 $2,297 $2,710 

Pharmacy sum 7-12 months $2,025 $3,215 $2,309 $2,825 

 

*SD=standard deviation 
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Table 18: Difference-in-differences estimates for total and medical health care costs 

 

Parameter Estimate 

Standard 

Error 

95% Confidence Limits P value 

Total Health Care Costs 

MTM 
0.188 0.151 -0.108 0.484 0.214 

Post1 
-0.345 0.124 -0.587 -0.103 0.005* 

Post2 
-0.313 0.115 -0.539 -0.088 0.007* 

Post1*MTM 
-0.099 0.161 -0.415 0.217 0.538 

Post2*MTM 
-0.361 0.163 -0.681 -0.042 0.027* 

Charlson 

score 
0.253 0.019 0.216 0.290 <.0001* 

Non FFS vs. 

FFS 
0.005 0.069 -0.129 0.139 0.942 

Medical Costs 

MTM 
0.249 0.171 -0.087 0.585 0.146 

Post1 
-0.433 0.158 -0.742 -0.124 0.006* 

Post2 
-0.395 0.144 -0.677 -0.114 0.006* 

Post1*MTM 
-0.092 0.201 -0.486 0.303 0.649 

Post2*MTM 
-0.390 0.201 -0.783 0.004 0.052* 

Charlson 

score 
0.283 0.021 0.241 0.325 <.0001* 

Non FFS vs. 

FFS 
0.018 0.080 -0.140 0.175 0.827 

*Significant at the p<0.05 level 
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Table 19: Unadjusted and adjusted medical costs per propensity score quintile 

 

1-6 Months 

 Unadjusted Costs 
Adjusted MTM coefficient 

estimates
a
 

 MTM Non-MTM Coefficient SE p-values 

Quintiles Mean SD Mean SD    

1
st
 Quintile $8,330 $26,847 $7,898 $20,298 0.0068 0.2577 0.98 

2
nd

 Quintile $7,916 $13,049 $3,222 $9,532 0.9211 0.2411 <0.001
b
 

3
rd

 Quintile $6,878 $14,625 $9,470 $31,343 0.2479 0.2487 0.32 

4
th

 Quintile $7,567 $15,397 $7,759 $25,306 -0.044 0.2584 0.86 

5
th

 Quintile $20,734 $34,157 $26,993 $59,359 -0.269 0.2393 0.26 

7-12 Months 

 MTM Non-MTM Coefficient SE p-values 

 Mean SD Mean SD    

1
st
 Quintile $6,938 $15,573 $5,156 $11,269 0.2648 0.2669 0.32 

2
nd

 Quintile $6,591 $11,549 $4,229 $13,086 0.6011 0.2464 0.01
 b
 

3
rd

 Quintile $4,925 $7,379 $6,111 $9,645 -0.0884 0.222 0.69 

4
th

 Quintile $6,752 $12,228 $11,833 $35,148 -0.5745 0.2775 0.038
 b
 

5
th

 Quintile $10,349 $14,167 $26,929 $51,434 -0.9467 0.2465 <0.001
b
 

 

 
a 

Generalized linear model with gamma distribution and log link function controlling for MTM status 

(Yes/No), FFS status (Yes/No) for quintiles 1,4 and 5 and controlling for MTM status (Yes/No), FFS status 

(Yes/No) and number of outpatient visits in the 2
nd

 and 3
rd

 quintile.                   

 

  
b 

Significant at the 0.05 level 
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Table 20: Baseline characteristics of patients in the 4

th
 and 5

th
 quintiles of propensity scores 

 

 4th Quintile 5th Quintile 

Variables MTM Non-MTM MTM Non-MTM 

 Mean SD Mean SD Mean SD Mean SD 

Age 52.20 7.03 53.04 6.71 51.48 8.80 52.80 8.43 

Gender 

(%Males) 
0.46 0.50 0.52 0.50 0.50 0.50 0.56 0.50 

%Hospitalized 0.24 0.43 0.31 0.46 0.65 0.48 0.74 0.44 

Charlson Score 2.21 1.88 2.31 2.44 2.90 2.24 3.40 2.87 

Number of 

maintenance 

medications 

6.69 2.64 6.89 3.03 8.10 3.43 8.36 3.87 

Number of 

unique 

physicians 

2.86 2.45 2.98 3.49 3.80 3.74 4.71 6.92 

Number of 

outpatient  visits 
5.73 4.63 5.49 4.56 7.91 5.43 9.76 8.86 

Number of ER 

visits 
0.54 1.05 0.54 1.10 1.68 1.89 2.05 2.88 

Sum of medical 

costs 
$14,593 $21,445 $14,800 $28,472 $56,787 $77,372 $48,750 $62,149 

Sum of 

pharmacy costs 
$1,906 $2,256 $2,189 $2,103 $2,859 $2,639 $2,726 $2,466 
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Supplementary Results  

 

The following table represents the results of the logistic regression model that was used 

to derive the probability/propensity of each patient to receive MTM service based on the 

baseline characteristics. These propensities were used for the matching process. 

Table 21: Results of logistic regression modeling the probability of exposure to MTM services among 

the whole sample (N=17,778) 

 

Predictors Coefficient SE Z 95% Confidence 

Interval 

P-value 

Age 
-0.0567 0.0073 -7.7400 -0.0710 -0.0423 0.0000 

Gender (Males) -0.3434 0.1107 -3.1000 -0.5605 -0.1264 0.0020 

Sum of 

Pharmacy 

Costs 

-0.0001 0.0000 -4.1000 -0.0002 -0.0001 0.0000 

Sum of Medical 

Costs 0.0000 0.0000 4.5000 0.0000 0.0000 0.0000 

Charlson Score 0.0615 0.0267 2.3000 0.0092 0.1139 0.0210 

Number of 

maintenance 

medications 
0.1089 0.0188 5.7800 0.0720 0.1458 0.0000 

Number of 

unique 

physicians 
-0.0515 0.0164 -3.1400 -0.0837 -0.0193 0.0020 

Hospitalization 0.6588 0.1523 4.3300 0.3604 0.9573 0.0000 

Number of 

outpatient 

office visits 

0.0454 0.0115 3.9600 0.0229 0.0679 0.0000 

Number of ER 

visits 
0.1313 0.0369 3.5600 0.0591 0.2036 0.0000 

Region 2:North 

Central 1.6489 0.3500 4.7100 0.9629 2.3350 0.0000 

Region 3: 

South 2.0128 0.3434 5.8600 1.3396 2.6859 0.0000 

Region 4: West 0.8237 0.3822 2.1600 0.0746 1.5728 0.0310 

Constant -2.7859 0.5208 -5.3500 -3.8067 -1.7651 0.0000 
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Table 22: Baseline characteristics of patients in the top 3 quantiles of propensity scores 

 
 1st Quintile 2nd Quintile 3rd Quintile 

Variables MTM Non-MTM MTM Non-

MTM 

MTM Non-MTM 

 Mean 

 

Mean 

 

Mean Mean 

 

Mean 

 

Mean 

 

Age 

 

59.53 59.10 57.96 56.70 54.63 54.74 

Charlson Score 

 

1.29 1.05 1.62 1.78 1.86 1.96 

Number of 

maintenance 

medications 

 

5.44 5.32 6.12 5.90 7.08 6.21 

Number of unique 

physicians 

 

2.23 2.36 2.48 2.40 2.96 2.70 

Number of 

outpatient  visits 

 

3.38 2.52 4.11 3.13 4.05 4.70 

Number of ER 

visits 

 

0.16 0.06 0.22 0.09 0.20 0.40 

Sum of medical 

costs 

$5,524 

 

$3,481 

 

$8,179 

 

$3,667 

 

$8,125 

 

$5,763 

 

Sum of pharmacy 

costs 

$1,632 

 

$1,869 

 

$2,216 

 

$1,824 $1,656 

 

$2,254 

 

Gender (%Males) 95.00% 83.95% 74.39% 67.50% 63.75% 58.54% 

% Hospitalized 3.75% 0.00% 6.10% 3.75% 10.00% 9.76% 
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Chapter 7: The relationship between receiving Medication Therapy Management 

(MTM) services and medication adherence: An assessment across multiple chronic 

diseases therapeutic classes 

 

 

Soliman AM, Carlson AM, MacLehose RF, Brummel AR. The relationship between 

receiving Medication Therapy Management (MTM) services and medication adherence: 

An assessment across multiple chronic diseases therapeutic classes. (Submitted) 
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Abstract 

 

Objectives: Medication non-adherence carries significant economic and clinical burden. 

MTM services aims to optimize pharmacotherapy and improve medication adherence. 

This study evaluates the impact of face-to-face MTM on medication adherence among 

patients taking insulin, oral hypoglycemics, statins, Angiotensin-Converting Enzyme 

inhibitors/blockers (ACEI/ARB) and Beta-blockers. 

 

Methods: Pharmacy claims of continuously enrolled employees of a large Midwestern 

healthcare system were retrieved for the period 2007-2011. Retrospective analysis was 

used to compare medication adherence measured using proportion of days covered (PDC) 

in employees who received MTM to employees who did not. MTM group’s index date 

was the date of the first MTM visit; Non-MTM group’s index date was randomly chosen 

from all therapeutic class-specific prescription claims-dates. For each therapeutic class, 

patients with at least one prescription fill in both the measurement period (365 days post-

index) and the baseline period (365 days pre-index) were included.  Potential predictors 

of adherence derived from Andersen Health Services model were controlled for in 5 

separate linear and modified Poisson regression models that estimated the relationship 

between MTM and PDC treated as both continuous and dichotomous variable. 

 

Results: MTM exposure was associated with higher PDC in multivariate models; the 

difference between groups was statistically significant in all therapeutic classes [insulin, 

(10% CI: 15.9%, 4.1%), oral hypoglycemic (5%, CI: 9.5%  to 0.6%), statins 
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(7.8%,CI:10.8%-4.9%), ACEI (10.9%,CI:14.6%-7.2%), beta blockers (4.8%,CI:1%-

9.6%)]. Poisson regression showed that MTM group had higher probability for meeting 

the 80% PDC cut point [insulin, (RR=1.7, CI: 1.23-2.33), oral hypoglycemic (RR=1.16, 

CI: 1-1.33), statins (RR=1.79, CI: 1.52-2.1), ACEI/ARB (RR=1.89, CI:1.58-2.7), beta 

blockers (RR=1.53, CI:1.25-1.89)]. 

 

Conclusions: Receiving MTM resulted in higher medication adherence across multiple 

medication classes compared to controls. MTM can be used to increase rates of 

medication adherence thereby producing better clinical outcomes and lower health care 

costs.  
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“Drugs don’t work in patients who don’t take them”. C. Everett Koop, MD 

Introduction 

Numerous reports have evaluated the critical role that medication adherence plays in 

achieving desired drug therapy outcomes. The beneficial clinical effects of medication 

adherence have been consistently reported across most chronic diseases.
49,103,141-143

 

Unfortunately, medication non-adherence is very prevalent among US patients in general, 

with higher rates reported in the elderly population.
144

 Non-adherence also carries with it 

a substantial clinical and economic burden.  One report has estimated the cost of non-

adherence in the US health care system to be $ 200 billion dollars.
50

  

 

Medication Therapy Management (MTM) is a pharmacist-led and delivered bundle of 

services that aims to optimize clinical outcomes by managing drug therapies for patients 

with chronic diseases. MTM was officially recognized in the Medicare Prescription Drug 

Modernization Act (MMA) (Pub. L. No. 108-173, 117 Stat. 2066 (January 7, 2003)) as a 

tool that targets patients with chronic disease taking multiple medications. The goals of 

pharmacists’ interventions are improving patients’ understanding of their 

diseases/medications, reducing drug adverse events, meeting patient-defined clinical 

goals and improving medication adherence.
23

   

 

Medical literature is replete with studies that have evaluated the clinical and economic 

outcomes of MTM programs. Examples include programs evaluated in Minnesota,
15,107

 

North Carolina,
16,17

 Iowa
13

 and Connecticut.
75

 However, fewer studies have assessed 
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behavioral outcomes like medication adherence, although some reported results are 

encouraging. For instance, Hirsch et al.
66

 found that HIV/AIDS patients who used 

community offered MTM services were more likely to be adherent to their anti-retroviral 

medication. Zillich and colleagues
67

 reported an overall increase in medication adherence 

in a cohort of Medicaid patients receiving specialized medication packaging and 

telephonic MTM services when compared to patients receiving usual care. In contrast, 

Moczygemba et al, found that telephone-based MTM services did not improve adherence 

in a cohort of Medicare part D beneficiaries during six months of follow-up.
24

  In 

addition, Shimp et al. study reported no improvement in medication adherence [measured 

by medication possession ratio (MPR)] for patients who received MTM services as 

compared to a control group enrolled in a University of Michigan health promotion 

program.
68

 Because studies reporting on the impact of MTM programs on commonly 

used chronic disease medications are sparse, this study evaluates the impact of exposure 

to face-to-face MTM services on medication adherence across five classes of chronic 

disease medications: statins, insulin, oral hypoglycemics, beta blockers and ACE/ARBS 

[angiotensin converting enzyme inhibitors (ACEIs) or angiotensin receptor blockers 

(ARBs)]. 

 

Methods 

The MTM program evaluated in this study was delivered at a large, Midwest, integrated 

health system that provides MTM services to patients through face-to-face consultations. 

The description of the program and services delivered by MTM pharmacists’ has been 
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described in details in previous reports.
43

 This study utilized pharmacy claims data 

(patients’ age, gender, dispensed medications, dates of fill, types of pharmacies used for 

filling the prescription and  prescribing physician information) for the years 2007-2011 

from employees of this integrated health system. Electronic Medication Therapy 

Management software (Assurance®, Medication Management Systems Inc., 

Minneapolis, Minnesota) was used to identify employees who received MTM services 

and the number and dates of all MTM visits during the same observation period. 

Employees who did not receive MTM services were included in a control (non-MTM) 

group.  

 

To determine baseline and measurement periods for comparison, an index date was 

established for each of the two employee groups. For the MTM patients the index date 

was defined as the date of the first recorded MTM visit.  For non-MTM patients, the 

index date was selected randomly from all dates of prescription fills for the specific drug 

class cohort. Both MTM and non-MTM employee could be included in multiple drug 

class cohorts but with a different index date for each class. The baseline period was then 

defined as the 365 days prior to the index date and the measurement period was defined as 

the 365 days following the index date. Employees who had at least one prescription fill 

for a drug within the specific therapeutic class in both the measurement period and the 

baseline period were included in the final study sample. This ensured that patients were 

continually prescribed a drug from that class.  To be included in the study, all employees 

had to have a continuous enrollment for the entire two years period. 
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Prescriptions in the five studied drug classes were defined based on generic product 

identifier (GPI) codes:  insulin (2710), oral hypoglycemic (2720, 2725, 2766, 2799), 

statins (394000, 394099, 399940), ACEI/ARBs (3610, 3615) and beta blockers (3310, 

3320, 3330). 

 

The primary outcome measure was the proportion of days covered (PDC).
142,145

 PDC is 

defined as the ratio of the number of days covered by prescription claims for the same 

medication or another in its therapeutic category, using the days of supply reported on the 

individual claims, to the total number of days in the defined measurement period.
146,147

 

To control for overlapping of prescription fill dates, days with oversupply were 

accounted for by moving their fill date to start on the day after the end of supply of the 

previous fill.
148

  

 

Potential confounders that could affect the relationship between exposure to MTM 

services and medication adherence were based on the Andersen Heath Services Utilization 

model46 and included age, sex and adherence in the year prior to the index date as 

predisposing factors and the number of unique prescribing physicians as a measure of 

poly-medicine, use of mail order pharmacy and the sum of out of pocket expenditures 

(copays and deductibles) in the measurement  period as enabling factors.  Comorbidities 

that had been included in a standardized validated risk score based on prescription use 

(RxRisk Score) 
149,150

 were identified in the pharmacy claims for the baseline period 

using National Drug Codes (NDC) and a modified list of comorbidities’ clusters was 
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constructed and controlled for as dummy variables in the model.
151

 In addition, the 

number of unique medications not from the same specific therapeutic class
152

 and the 

year of the index date were also included as control variables in the model.  

 

T-tests and Chi-square tests were used to compare the MTM group to the non-MTM 

group for the continuous and binary variables respectively. Multivariate modeling was 

used to determine the impact of receiving MTM on achieving higher levels of medication 

adherence while controlling for potential confounders where PDC was the outcome of 

interest and receiving MTM services was the exposure of interest. Ordinary least square 

(OLS) regression was used to model PDC as a continuous variable with values ranging 

between 0 and 1.  Poisson regression with a robust error variance was used to model PDC 

as a binary variable (adherent/non-adherent).
153

 This modified Poisson regression was 

preferred over the traditional logistic modeling for binary outcomes because of the 

expected high prevalence of the modeled outcome in our sample (>10% of the sample 

will be adherent). Odds ratios reported by logistic regression are notorious for 

overestimating/underestimating the relative risks in those instances and are usually 

recommended to be avoided.
154,155

 The cut point definition for PDC as a binary variable 

was set at 80%, a commonly reported indicator of optimum adherence.
141,156

  Statistical 

significance was determined at p-value ≤ 0.05. Statistical analyses were performed using 

SAS 9.2 (SAS Institute Inc., Cary, NC). 
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Results 

A summary of the patient characteristics of the five study cohorts is presented in Table 

23. The smallest therapeutic class group was employees using insulin (197 MTM; 125 

Non-MTM]). The MTM group had a consistently higher mean age, a higher average 

number of medications and a greater proportion utilizing mail order pharmacy across the 

five therapeutic classes (p<0.05). The MTM group also had consistently higher average 

copay amounts although the difference was statistically significant in only four of the 

therapeutic classes. The prevalence of comorbidities varied across the therapeutic classes 

cohorts. Overall, however, the most prevalent was lipid disorders.  The MTM group had a 

significantly higher proportion of patients with lipid disorders across all therapeutic 

classes (in the statins cohort, all patients in the MTM and Non-MTM groups had lipid 

disorders by definition). (See Table 23) 

 

The MTM group had higher but statistically non-significant values for PDC (treated as a 

continuous variable) at baseline compared to the Non-MTM group for all therapeutic 

classes with the exception of insulin cohort. The PDC values in the baseline period 

ranged from 73.03% in the beta blockers MTM group to 65.75% calculated for oral 

hypoglycemics in the non-MTM group (See Table 23). In the measurement period, 

however, the MTM group had consistently higher PDC levels across all the therapeutic 

classes, which were statistically significant at the 0.05 level.  The highest absolute 

difference between the MTM and Non-MTM groups was observed in the ACEI/ARB 
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cohort (77.48% vs. 66.36%, p<0.001); the lowest difference was for the insulin cohort 

(74.00% vs. 66.04%, p=0.028).  

 

Comparing the trends in the proportion of MTM patients meeting the 80% PDC cut point 

overtime indicated that a higher proportion of MTM patients were meeting the 80% 

threshold in the measurement period as compared to the baseline period for the following 

classes: insulin (56.16% vs. 38.35%), oral hypoglycemics (73.88% vs. 51.59%), statins 

(48.96% vs. 42.93%) and ACEI/ARBs (54.37% vs. 46.87%) (See Figure 7).  

 

Multivariate linear models indicate that receiving MTM services was significantly 

associated with improved adherence rates as measured by increases in PDC across all of 

the therapeutic classes studied (See Table 24). For the insulin cohort, MTM patients had a 

mean adjusted increase of 10% (95% CI: 15.9%, 4.1%, p-value=0.001) in PDC in the 

measurement period as compared to the Non-MTM patients. Having a higher PDC in the 

baseline period was, as hypothesized, also associated with improved adherence in the 

measurement period. On the other hand, the increase in the number of pharmacies that the 

patient used to acquire medications and the presence of a psychiatric disorder (anxiety, 

tension, bipolar disorders, depression and psychotic illnesses) were associated with a 

decrease in PDC (-2.4%, p-value=0.05 and -8.0%, p-value=0.004). In the oral 

hypoglycemic cohort, MTM patients had a mean adjusted increase of 5% (95% CI: 9.5%, 

0.6%, p-value=0.3) in PDC in the measurement period as compared to the Non-MTM 

patients. Having a higher PDC in the baseline period was, as hypothesized, also 
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associated with improved adherence in the measurement period. Also, a higher sum of 

copayments and using mail order pharmacy were associated with higher adherence rates 

in the measurement period. 

 

For statins, MTM patients had an adjusted increase of 7.8% (10.8%-4.9%, p-value 

<0.001) in PDC levels. Other factors that led to an improved statins’ adherence in the 

measurement period included an older age, higher PDC in the baseline, an increase in the 

total sum of copay amounts and an increase in the number of prescribers. Having a 

psychiatric disorder, however, was associated with having a decrease in medication 

adherence (- 2.4%, p-value=0.04 respectively).   

 

In the ACEI/ARB cohort, MTM patients had an adjusted increase of 10.9% (14.6%-

7.1%, p-value<0.0001) in PDC levels. Other factors that led to an improved ACEI/ARB 

adherence in the measurement period included a higher mean age, higher PDC in the 

baseline and an increase in the total sum of copay amounts. On the other hand, an 

increase in the number of drugs was significantly associated with a decrease in 

ACEI/ARB adherence (-0.47%, p-value=0.0057). 

 

 For patients taking beta blockers, MTM was associated with an increase of 5.3% in PDC 

as compared to Non-MTM patients (9.6%-1%, p-value=0.015). Similar to the other 

therapeutic classes, a higher mean age, higher PDC in the baseline period and a higher 
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sum of copays were significantly associated with higher adherence rates in the 

measurement period.  

 

Results using the 80% PDC cut-point as an indicator of optimal adherence within a 

modified Poisson regression framework were consistent with the linear models’ results. 

MTM patients had a higher chance of being adherent in the measurement period with 

adjusted relative risks (adjRR) varying between 1.89 (CI: 1.58 to 2.26, p<0.001) for the 

ACEI/ARB cohort to 1.16 (CI: 1.0 to1.34, p=0.04) for the oral hypoglycemic cohort. All 

the results were significant at the 0.05 level. Other predictors that were associated with 

higher likelihood of being adherent in the measurement period included: being adherent 

at baseline in the 5 cohorts, an increase in the copay amount for all cohorts except insulin 

patients and an increase in age for oral hypoglycemic, statins and beta blockers cohorts. 

Using mail order pharmacy was associated with higher probabilities of being adherent for 

the oral hypoglycemic cohort but a lower risk for being adherent in the statins, 

ACEI/ARBs and beta blocker cohorts. Having psychiatric disorders was associated with 

lower likelihood for being adherent for the statins cohort as well. Finally, an increase in 

the number of drugs dispensed per patient was also associated with lower probability of 

meeting the adherence threshold for the ACEI/ARBs cohort (See Table 25). 

 

Discussion 

Medication adherence is a complex problem that involves a multitude of social, 

psychological and clinical factors.
118

 Medication non-adherence is expected to continue 
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as a concern in the US health care system because of the existing evidence of its high 

prevalence and the heavy clinical ramifications and economic costs associated with it.
48

 

In an effort to help resolve this problem, MMA approved MTM programs as pharmacist-

provided, patient-centered pharmacy services with multiple related goals, one of which is 

improving medication adherence.  

 

This research conducted a retrospective analysis of pharmacy claims from employees of a 

large integrated healthcare system to assess prescription drug adherence using the 

pharmacy Quality Alliance (PQA) endorsed PDC measure across five commonly used 

chronic medication categories. The therapeutic classes studied represent medications used 

for diabetes, cardiovascular disorders (hypertension and congestive heart failure) and 

hypercholesterolemia disorders. Across all the therapeutic classes, adherence rates for 

MTM patients improved in the 365 days that followed the initial exposure to MTM as 

compared to control patients while controlling for potential confounders. This study 

suggests that, for these therapeutic classes, there is a beneficial impact of exposure to 

MTM services on increasing medication adherence. 

 

Increasing patients’ understanding of their diseases and medications is a focal role that an 

MTM pharmacist plays. By virtue of their work setting in outpatient clinics and 

community pharmacies, which enable patients to have frequent encounters with them, 

MTM pharmacists have optimum positioning to directly affect patients’ medication 

adherence.
26,157

 This effect is intensified given the observation that patients consider 
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pharmacists  a trusted source for providing information about medications.
158

 Regular 

follow-up, a core component of MTM services,
29

 also increases the potential for 

complementing and rectifying a patient-specific medication related action plan (MAP) to 

achieve the goals of optimizing drug therapy outcomes and improving adherence and 

ensuring that the patient specific goals of therapy are met. 

 

Despite the presence of encouraging results of MTM interventions alone or in 

combination on medication adherence,
66,67

 the overall impact of MTM services remains 

inconclusive. This study adds to the growing body of evidence on the beneficial impact 

of MTM on meeting one of its MMA-identified targets; improving medication adherence. 

Though not using the same metric for measuring medication adherence employed in our 

study, previous reports have shown that pharmacists involvement in patient counseling 

and education through face-to-face consultations (an integral part of MTM services) help 

increase patient adherence to their prescribed regimens.
135,159

 This study confirms those 

results and extends them to include evaluating the impact of MTM on medication 

adherence across multiple therapeutic classes. Increasing patients’ adherence should add 

to the economic value offered through MTM services. Research has demonstrated that 

improved adherence among patients with diabetes, hypertension, hypercholesterolemia 

and congestive heart failure has reduced hospitalizations rates with an overall reduction 

of total health care costs.
160

 Together with the expected economic benefits of preventing 

and reducing adverse drug events through identifying and resolving drug therapy 
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problems,
15,57,161,40

 optimizing medication adherence would be the second mechanism by 

which MTM can curb health care costs for chronic disease patients. 

 

Limitations 

Due to the non-randomized nature of the study design, there exists a potential for 

confounding by unmeasured covariates. For instance, unmeasured patient characteristics 

like health beliefs and self-motivation that would affect the patients’ likelihood to receive 

MTM services and the final outcomes of MTM pharmacists’ interventions were not 

recorded in the claims data.  The pharmacy claims were also lacking information on site 

of residence (ZIP codes). ZIP codes have been routinely used to infer income and 

education level information which are potential predictors of health care utilization as 

predisposing factors within the framework of Andersen’s model. Furthermore, pharmacy 

claims measure drug acquisition only and thus whether the medications were actually 

utilized by the patients as prescribed could not be verified. Finally, our study reports the 

experience of employees at one big institution in the Midwest region only and thus 

extending the results to other settings in other geographic regions should be done with 

caution.  

 

Conclusion 

Exposure to face-to-face MTM services is associated with improvement of medication 

adherence measured by PDC across multiple chronic diseases medication classes. MTM 

is a powerful tool that can be used by insurers and health plan administrators to 
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potentially increase rates of medication adherence which should result in realized better 

clinical outcomes and lesser health care costs. 
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Table 23: Patient characteristics across the 5 therapeutic classes 

 
Covariates Insulin Oral Hypoglycemics Statins 

 Non-

MTM 

MTM P-

value 

Non-

MTM 

MTM P-value Non-

MTM 

MTM P-value 

N 125 72 NA 316 157 NA 1307 241 NA 

Age 47.26 53.96 0.000 50.96 55.89 <0.0001 54.78 56.90 0.003 

Sex 

(Females) 
54.40% 44.40% 0.128 42.00% 47.70% 0.241 47.67% 54.77% 0.042 

Sum of 

copays 
$771 $790 0.780 $589 $683 0.035 $506 715 <0.0001 

Sum of 

prescribers 
5.04 5.00 0.940 4.19 3.79 0.120 3.56 4.09 0.003 

Sum of 

pharmacies 
2.49 2.69 0.340 2.46 2.58 0.377 2.29 2.67 <0.001 

Drug Count 11.72 14.44 0.022 10.25 11.63 0.025 7.07 12.10 <0.001 

PDC at 

baseline 
70.36% 68.18% 0.560 65.75% 70.36% 0.101 67.04% 69.05% 0.270 

PDC at 

measurement 

period 

66.04% 74.00% 0.028 72.63% 82.72% 0.002 65.22% 73.66% <0.001 

Mail order 

pharmacy 
36.00% 43.06% 0.408 30.38% 44.59% 0.002 40.40% 51.87% 0.009 

*Continuous variables p-values were based on t-tests while binary variables p-values were based on chi-

squared or Fisher tests as appropriate 
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Continue table 23 

 
Covariates ACEI/ARBs Beta Blockers 

 Non-

MTM 

MTM P-value Non-

MTM 

MTM P-value 

N 904 160 NA 819 122 NA 

Age 54.45 57.08 0.000 53.29 58.02 <0.0001 

Sex (Females) 49.89% 54.38% 0.295 58.85% 52.46% 0.181 

Sum of copays $532 $682 0.000 $524 $747 <0.0001 

Sum of 

prescribers 
3.91 4.53 0.009 4.18 5.02 0.004 

Sum of 

pharmacies 
2.39 2.69 0.010 2.33 2.75 0.001 

Drug Count 7.89 12.17 <0.0001 8.32 13.81 <0.0001 

PDC at 

baseline 
68.64% 69.29% 0.776 68.87% 73.03% 0.115 

PDC at 

measurement 

period 

66.36% 77.48% <0.0001 65.11% 74.11% 0.000 

Mail order 

pharmacy 
35.62% 52.50% <0.0001 32.60% 44.26% 0.011 
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Continue table 23 

 
Covariates Insulin Oral Hypoglycemics Statins 

 Non-

MTM 

MTM P-

value 

Non-

MTM 

MTM P-

value 

Non-

MTM 

MTM P-value 

N 125 72 NA 316 157 NA 1307 241 NA 

Cardiac 

disorders 
39.20% 52.78% 0.063 43.99% 49.68% 0.241 42.31% 49.79% 0.031 

Gastric 

disorders 
16.00% 33.33% 0.006 21.52% 24.84% 0.416 25.02% 34.44% 0.002 

Gout 4.80% 18.06% 0.003 7.59% 7.01% 0.817 9.87% 16.18% 0.003 

Lipid 

disorders 
56.80% 73.61% 0.022 62.97% 78.98% 0.000 100.00% 100.00% 0.000 

Hypertension 28.00% 29.17% 0.954 26.58% 26.11% 0.913 21.88% 26.56% 0.110 

Inflammatory 

bowel 

disorders 

11.20% 9.72% 0.699 4.43% 5.10% 0.746 4.44% 5.81% 0.352 

Malignancy 8.80% 11.11% 0.445 8.86% 6.37% 0.347 5.66% 9.96% 0.011 

Psychiatric 

disorders 
40.80% 51.39% 0.147 37.34% 39.49% 0.650 35.96% 51.04% <0.001 

Thyroid 

disease 
16.80% 25.00% 0.196 14.56% 14.01% 0.873 12.70% 17.01% 0.070 

Transplant 1.60% 4.17% 0.285 1.27% 0.00% 0.300 1.68% 1.66% 0.970 

Glaucoma 8.00% 15.28% 0.127 6.01% 6.37% 0.878 5.51% 10.37% 0.004 

HIV 8.00% 4.17% 0.276 6.65% 4.46% 0.342 6.81% 5.81% 0.566 

Respiratory 

disease 
31.20% 40.28% 0.180 40.19% 38.22% 0.679 35.88% 44.81% 0.008 

Neurological 

Disorders 
8.00% 12.50% 0.334 9.49% 9.55% 0.983 7.80% 14.94% 0.000 

Renal 

disorders 
0.00% 0.00% NA 0.63% 0.64% 0.990 0.31% 0.83% 0.236 

Cystic liver 0.00% 0.00% NA 0.63% 0.00% 0.990 0.54% 0.83% 0.630 
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Continue table 23 

 
Covariates ACEI/ARBs Beta Blockers 

 Non-

MTM 

MTM P-value Non-

MTM 

MTM P-value 

N 904 160 NA 819 122 NA 

Cardiac 

disorders 

56.31% 64.38% 0.057 98.66% 99.18% 0.630 

Gastric 

disorders 

21.79% 33.75% 0.001 24.91% 43.44% <0.0001 

Gout 11.73% 13.13% 0.614 10.13% 18.85% 0.005 

Lipid disorders 49.56% 75.63% <0.0001 42.49% 70.49% <0.0001 

Hypertension 34.40% 36.25% 0.650 37.12% 41.80% 0.319 

Inflammatory 

bowel disorders 

4.31% 5.00% 0.697 4.52% 6.56% 0.324 

Malignancy 6.97% 10.00% 0.177 8.42% 11.48% 0.267 

Psychiatric 

disorders 

37.17% 40.63% 0.405 40.66% 51.64% 0.021 

Thyroid disease 10.07% 15.00% 0.063 11.48% 19.67% 0.010 

Transplant 1.11% 2.50% 0.153 1.59% 4.92% 0.027 

Glaucoma 4.87% 8.13% 0.091 2.69% 13.93% <0.0001 

HIV 6.97% 4.38% 0.222 6.59% 6.56% 0.980 

Respiratory 

disease 

39.05% 46.88% 0.062 40.05% 52.46% 0.010 

Neurological 

Disorders 

8.41% 11.25% 0.242 9.65% 14.75% 0.083 

Renal disorders 0.33% 1.25% 0.117 0.73% 2.46% 0.099 

Cystic liver 0.33% 0.63% 0.479 0.24% 0.82% 0.341 
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Table 24: Results of linear regression analysis of medication adherence for the 5 therapeutic classes  

 
 Insulin Oral  

Hypoglycemics 

Statins 

Covariates Coefficient Confidence 

 Intervals 

P-value Coefficient Confidence 

 Intervals 

P-value Coefficient Confidence 

 Intervals 

P-

value 

Age -0.002 -0.004 0.001 0.172 0.003 0.001 0.005 0.005 0.002 0.000 0.003 0.019 

Gender -0.014 -0.040 0.013 0.302 -0.016 -0.037 0.004 0.122 -0.004 -0.014 0.006 0.463 

MTM 0.100 0.041 0.159 0.001 0.050 0.006 0.095 0.026 0.078 0.049 0.108 <.0001 

PDC at  

baseline 

0.608 0.505 0.711 <.0001 0.452 0.379 0.525 <.0001 0.386 0.346 0.425 <.0001 

Sum of  

Copays 

0.000 0.000 0.000 0.194 0.000 0.000 0.000 <.0001 0.000 0.000 0.000 <.0001 

Sum of 

 prescribers 

-0.007 -0.020 0.006 0.284 0.002 -0.009 0.012 0.782 0.007 0.001 0.013 0.020 

Sum of  

Pharmacies 

-0.024 -0.049 0.000 0.053 -0.004 -0.022 0.013 0.629 -0.007 -0.017 0.002 0.114 

Drug Count 0.002 -0.004 0.008 0.550 -0.004 -0.009 0.001 0.126 -0.002 -0.004 0.001 0.238 

Mail order  

pharmacy 

0.025 -0.030 0.080 0.368 0.058 0.012 0.103 0.013 -0.014 -0.036 0.007 0.194 

Psychiatric 

disorders 

-0.080 -0.135 -0.025 0.004 -0.035 -0.080 0.009 0.118 -0.024 -0.046 -0.001 0.040 

 

*Linear Models were also adjusted for the year of index date and the presence/absence of the following diseases via inclusion of dummy variables: cardiac 

disorders, neurological disorders, gastric disorders, gout, lipid disorder, hypertension, inflammatory bowel disorders, malignancy, thyroid disease, transplant, 

glaucoma, HIV, respiratory diseases, renal diseases and cystic liver disorders. 

**Full Model results are available from the corresponding author upon request
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Continue table 24 

 
 

 
ACEI/ARBs Beta 

 Blockers 

Covariates Coefficient Confidence 

 Intervals 

P-

value 

Coefficient Confidence 

 Intervals 

P-

value 

Age 0.002 0.000 0.003 0.022 0.003 0.001 0.004 0.001 

Gender -0.005 -0.018 0.009 0.506 0.000 -0.014 0.015 0.979 

MTM 0.109 0.072 0.146 <.0001 0.053 0.010 0.096 0.015 

PDC at  

baseline 

0.298 0.251 0.346 <.0001 0.385 0.334 0.436 <.0001 

Sum of  

Copays 

0.000 0.000 0.000 <.0001 0.000 0.000 0.000 <.0001 

Sum of 

 prescribers 

0.002 -0.006 0.009 0.659 0.002 -0.005 0.009 0.514 

Sum of  

Pharmacies 

0.000 -0.011 0.011 0.980 -0.007 -0.020 0.006 0.290 

Drug Count -0.005 -0.008 -0.001 0.006 -0.002 -0.006 0.001 0.237 

Mail order  

pharmacy 

-0.006 -0.034 0.022 0.679 -0.009 -0.040 0.023 0.589 

Psychiatric 

disorders 

0.012 -0.017 0.042 0.408 0.004 -0.026 0.035 0.783 
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     Table 25: Results of modified poisson regression analysis of medication adherence for the 5 therapeutic classes 
a 

 
 Insulin 

 

 

Oral Hypoglycemics 

 

 

 

Statins 

 

 

 

Covariates RR
b
 Lower 

 95% 

CI 

Upper 

 95% 

CI 

P-value RR
b
 Lower 

 95% CI 

Upper 

 95% CI 

P-value RR
b
 Lower 

 95% 

CI 

Upper 

 95% 

CI 

P-

value 

Age 0.990 0.977 1.004 0.148 1.012 1.004 1.020 0.003 1.010 1.001 1.018 0.024 

Gender 0.924 0.795 1.073 0.299 0.980 0.921 1.042 0.512 0.985 0.924 1.051 0.657 

MTM 1.702 1.239 2.338 0.001 1.162 1.009 1.338 0.038 1.787 1.516 2.106 <.0001 

PDC at  

baseline 

2.958 2.091 4.184 <.0001 0.749 0.694 0.809 <.0001 2.351 2.026 2.728 <.0001 

Sum of  

Copays 

1.000 1.000 1.000 0.773 1.000 1.000 1.000 0.001 1.000 1.000 1.000 0.007 

Sum of 

 prescribers 

0.928 0.859 1.003 0.059 0.985 0.950 1.021 0.408 1.022 0.990 1.055 0.179 

Sum of  

Pharmacies 

0.867 0.744 1.011 0.068 0.984 0.920 1.052 0.629 0.987 0.932 1.045 0.647 

Drug Count 1.036 0.999 1.076 0.059 0.992 0.973 1.012 0.433 0.984 0.967 1.001 0.057 

Mail order  

pharmacy 

0.998 0.706 1.410 0.990 1.181 1.026 1.360 0.021 0.437 0.369 0.518 <.0001 

Psychiatric 

disorders 

0.720 0.505 1.028 0.071 0.871 0.740 1.025 0.096 0.856 0.736 0.995 0.042 

 

a
Models were also adjusted for the year of index date and the presence of the following diseases: cardiac disorders, neurological disorders, gastric disorders, gout, 

lipid disorder, hypertension, inflammatory bowel disorders, malignancy, thyroid disease, transplant, glaucoma, HIV, respiratory diseases, renal diseases and 

cystic liver disorders as defined by RxRisk scoring algorithm.   
b
 RR=relative risk
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Continue table 25 

 
 ACEI/ARBs 

 

 

 

Beta Blockers 

 

 

 

Covariate RR
 b

 Lower 

 95% CI 

Upper 

 95% CI 

P-value RR
b
 Lower 

 95% CI 

Upper 

 95% CI 

P-value 

Age 1.007 0.997 1.016 0.167 1.012 1.002 1.021 0.016 

Gender 1.024 0.949 1.104 0.541 0.969 0.897 1.046 0.416 

MTM 1.894 1.580 2.269 <.0001 1.536 1.251 1.887 <.0001 

PDC at  

baseline 

2.274 1.924 2.689 <.0001 2.475 2.036 3.010 <.0001 

Sum of  

Copays 

1.000 1.000 1.001 0.002 1.000 1.000 1.001 <.0001 

Sum of 

 prescribers 

1.028 0.996 1.062 0.085 1.014 0.981 1.049 0.408 

Sum of  

Pharmacies 

0.992 0.935 1.052 0.786 0.976 0.905 1.052 0.527 

Drug Count 0.969 0.950 0.988 0.001 0.982 0.962 1.002 0.074 

Mail order  

pharmacy 

0.483 0.398 0.587 <.0001 0.421 0.335 0.528 <.0001 

Psychiatric 

disorders 

1.082 0.916 1.278 0.354 0.961 0.810 1.140 0.646 
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Figure 7: Quintiles of PDC Adherence proportions for the MTM group (Baseline vs. Post Index period) 
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Supplementary Tables 

 
Table 26: Definition of co-morbidities based on medication classes

151
 

 
Modified disease 

classifications 

Chronic disease Medication  class(es) 

Psychiatric/ 

Neurological 

disorders 

Anxiety  

and tension 

Salicylate combinations,  

barbiturates,  

benzodiazepines, meprobamate, 

miscellaneous hypnotics,  

paraldehyde 

Bipolar disorder Lithium 

Depression Monoamine oxidase inhibitors, phenoth

iazine combinations, 

tricyclic anti‐depressants,  

SSRIs 

Psychotic illness  Miscellaneous antipsychotics,  

butyrophenones, phenothiazines,  

thiothixenes 

Parkinson’s  

Disease 

Dopamine, MAOb inhibitors   

Epilepsy  Anti‐convulsants 

Respiratory 

disorders 

 

 

 

 

Asthma  Anti‐inflammatory glucocorticoids,  

isoproterenol, bronchodilators,  

cromolyn, xanthenes  

Respiratory  

illness  

Sympathomimetic agents, cromolyn   

Cardiac/PVD 

disorders 

Cardiac disease Class I a antiarrhythmic,  

Class I c antiarrhythmics.  

Class III, procainamide,  

dispopyranmide, quinidine,  

vasodilator nitrates, diuretic loops 

Coronary/ 

peripheral  

vascular disease  

Antiplatelet, oral anticoagulants,  

trental  

Heart  

disease/hypertension  

Beta adrenergic blockers, dopamine,  

calcium channel blockers 

Hypertension 

 

 

 

 

 

 

 

 

 

 

 

Hypertension ACE inhibitors, antihypertensive  

vasodilators, donidine, ganglionic  

blockers, guanethidine, methyldopa,  

rauwolfia alkaloids, alpha/beta blocker, 

diuretic combinations, diuretic k+  

depleting agents, diuretic k+  

sparing agents  
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Diabetes Diabetes  Biguanides, insulins, sulfonylureas 

Malignancy Malignancies Leucovorin, monoclonal, miscellaneous 

antinauseants, antineoplastic alkylating, 

antineoplastic antibiotics,  

antineoplastic MAO inhibitors,  

antineoplastic progesterones,  

antineplastic pyrimidines,  

antineoplastics misc, nladder protectant

, methotrexate, purine antimetabolites,  

colony stimulating factors 

Renal disorders Renal disease  Potassium removing resins  

ESRD  Marrow stimulants 

human erythropoietin 

Lipid disorders Hyperlipidemia  Antilipemic dofibrate,  

antilipidemic exchange resins,  

HMG co-A reductase  inhibitors 

Cystic disease Cystic fibrosis Anti‐inflammatory glucocorticoids,  

Enzymes 

Gastric disease Gastric acid disorder  Histamine H2 blockers,  

prostaglandins, proton pump inhibitor 

Gout Gout  Colchicine, uric acid inhibitors  

Irritable bowel 

syndrome 

Irritable bowel  

syndrome 

Sulfonamide 

Liver disease Liver disease  Ammonia Detoxicants 

Rheumatoid arthritis Rheumatoid  

arthritis  

Antinflammatory  glucocorticoids,  

gold salts‐injectable, gold salts‐oral  
Thyroid disorders Thyroid disorder Thyroid replacement 

Transplant Transplant Immunosuppressive agents  

Tuberculosis Tuberculosis  Anti‐tuberculosis antibiotics,  

isoniazide  

Glaucoma Glaucoma   

 
Diuretic carbon, anhydrase‐inhibitors, 

ophthalmic miotics 

HIV HIV Zidovidine, didanosine, zalcitabine,  

pentamidine, clarithromycin,  

rifabantin, atovantin 

Migraine Migraine   Sympatholytic agents 
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Chapter 8: Discussion and Conclusion 

 

Despite the presence of abundant literature assessing multiple domains of outcome 

impacted by MTM services, the rate of uptake of MTM programs by insurers and patients 

appears to be less than optimal for both Medicare and non-Medicare populations. The 

generally non-rigorous studies published to date do not lend adequate support for health 

insurers and program administrators to adopt MTM and reimburse for its provision. This 

might be one of the reasons behind the reported low percentage of health plans offering 

MTM services to their enrollees.
162

 The literature review presented in Chapter 2 

highlighted potential barriers to establishing causal relationships between exposure to 

MTM and improved outcomes due to a multitude of factors including weak study 

designs, lack/low quality of comparator groups, non-rigorous statistical analyses, an 

inability to address causal inference identification problems and the use of non-validated 

methods for computing cost savings. 

 

The work presented in this dissertation addressed three main objectives designed to 

contribute to the growing body of MTM literature using research design and statistical 

analyses techniques to fill knowledge gaps identified in the literature review. The 

objectives and their underlying components were: 

1) Evaluate the relationship between MTM services and the following dimensions of 

care and outcomes for patients with diabetes: 
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a) Define and quantify the association between MTM services and optimal 

management as assessed by standards of Minnesota Community Measurement 94 

(using the D5 measure). 

b) Define the relationship between the frequency of receiving MTM services and 

attaining optimal management goals assessed by D5 

c) Evaluate the clinical predictors of the number of MTM visits received 

d) Evaluate the impact of receiving MTM services on the total, medical and 

pharmacy costs of diabetes patients as compared to a control group 

e) Evaluate the impact of receiving MTM services on the total, medical and 

pharmacy costs of diabetes patients taking insulin as compared to a control group 

 

2) Estimate the impact of receiving MTM on patients’ adherence to chronic 

medications for diabetes and cardiovascular disorders (insulin, oral 

hypoglycemic, statins, beta blockers, angiotensin converting enzyme inhibitors 

(ACEI)/angiotensin receptor blockers (ARBs) using the PQA endorsed metric 

proportion of days covered (PDC). 

a) Evaluate the impact of receiving MTM services on the absolute increase in PDC 

units as compared to control patients 

b) Estimate the effect of receiving MTM services on the probability of achieving the 

commonly reported cut point of optimum adherence defined as 80% PDC or 

higher. 
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3) Examine the influence that MTM has on total costs, medical costs and pharmacy 

costs for patients taking multiple chronic medications (poly-pharmacy). 

a) Estimate the heterogeneous treatment effect of MTM across subgroups of patients 

that differ in their comorbidity/economic burden 

 

Five manuscripts were prepared. Two have been published and three are under review. 

 

Current work 

 

This work set out to evaluate the effects of MTM on clinical, economic and humanistic 

outcomes in chronic disease patients. Multiple studies were used to more 

comprehensively evaluate MTM’s effects. The clinical analysis in the first manuscript 

showed that MTM succeeded in improving the rate of optimal diabetes care (measured by 

a community-determined, all-or-none, five component measure) for patients who were 

exposed to MTM services over a period of one year. The second manuscript, also focused 

on diabetes patients, showed that having other comorbidities and taking insulin as a part 

of the diabetes medication regimen increases the frequency at which patients are exposed 

to MTM services. The third manuscript showed that MTM exposure reduced medical 

costs significantly for poly-pharmacy patients (i.e. patients taking 4 or more chronic 

therapy medications) beginning seven months after the initial MTM exposure as 

compared to an equally comorbid control group. This resulted in an overall reduction in 

the total healthcare costs. The fourth manuscript showed that MTM services significantly 
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reduced total health care costs for patients using insulin as part of their diabetes regimen 

but had no effect when the analysis included the general population of diabetes patients 

(insulin users and non-users). The fifth and final manuscript assessing the impact of 

MTM services on medication adherence showed that MTM patients had consistently 

higher adherence rates compared to control groups across the several therapeutic classes 

studied [insulin, oral hypoglycemic agents, statins, selected anti-hypertensive agents 

(angiotensin converting enzyme inhibitors/angiotensin receptor blockers and beta 

blockers)]. 

 

The body of work presented in this dissertation offers several methodological advantages 

over other published literature on MTM. First, each study included a rigorously 

constructed control group of patients who did not receive MTM services. Second, for two 

of the five studies the patient groups were robustly matched on factors likely to affect 

patients’ exposure to MTM services (i.e. demographic, clinical and baseline medical and 

pharmacy economic burden). Third, appropriately-built multivariate models were used 

for analyzing the impact of MTM on clinical, economic and behavioral outcomes in 

models accounting for numerous theoretically -and empirically- driven relevant 

covariates in the studies where matching was not employed. Finally, this work took the 

time effects into account. Analyses controlled for patients characteristics before exposure 

to MTM and followed their outcomes for 12 months after. 
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Overall implications for MTM program management and delivery  

Taken as a whole, these studies’ results can inform health plans and administrators 

including Part D sponsors who wish to start or maintain MTM programs for their 

beneficiaries. The following implications could be drawn from the series of studies 

conducted in this dissertation: 

1- MTM’s conceptualized contribution to improving care delivery should not be 

limited to improving the quality of drug use only. The current emphasis on MTM 

services comes at a time when clinical quality improvement and pay-for-

performance initiatives have increased in prominence. The beneficial economic 

outcomes of MTM are not confined to reduction of medical costs only but also 

include potential economic gains from achieving nationally recognized goals for 

clinical care within the pay for performance initiatives. Pharmacists’ interventions 

can contribute to overall patient care goals. This was clearly demonstrated in the 

first manuscript that examined the impact of MTM services on diabetes care 

assessed by a National Quality Forum (NQF) validated optimal diabetes care 

measure. 

2- In a resource constrained health care sector, it becomes imperative to target MTM 

services to patients who would accrue the highest clinical and economic benefit 

from MTM intervention. The collective study findings consistently show that 

MTM produces its most desirable effects in chronically complex patients with 

multiple medications and higher economic burden. The results could be used as 
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an eligibility criteria by commercial health plans to fine tune targeting 

beneficiaries for MTM services 

3- Health plan administrators should be cognizant of the timeframe in which MTM 

programs are expected to deliver their positive return on investment. Both the 

poly-pharmacy (chapter 6) and diabetes/insulin (chapter 7) manuscripts showed 

that economic savings were observed beginning seven months after the first MTM 

encounter. Those considerations should be part of the health plans expected goals 

and returns on investments in both the short and long term. 

4- Health plan administrators can add MTM services to their toolbox as a valuable 

means for improving adherence. The observation that patients exposed to MTM 

services had improved adherence rates across different therapeutic classes in the 

adherence manuscript (chapter 7) demonstrate the potential benefits of using 

MTM for addressing adherence issues in patients with chronic diseases. 

5- The potential clinical benefits of exposure to MTM services do not appear to be 

sustainable if the patient ceases to receive them. This was demonstrated in the 

first two manuscripts (chapter 3 and 4). Many plans that offer MTM services to 

Medicare patients require or allow one comprehensive medication review (CMR) 

per year, rather than more regular face-to-face visits with an MTM provider. 

Restriction to one comprehensive visit will be insufficient for sustaining MTM 

beneficial effects particularly for more chronically complex patients. 
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Recommendations for future research 

There are multiple opportunities to extend this research. MTM programs should be 

extensively evaluated in additional chronic diseases with significant economic and 

clinical burden. Most published research has reported results of MTM programs for 

patients with diabetes, hypertension and hypercholesterolemia with only a few studies 

looking at patients with other chronic diseases like asthma, psychiatric disorders and 

malignancies.
163,164

 

 

 In addition, as more data becomes available, research should examine the impact of 

MTM on adherence longitudinally. All studies evaluating the impact of MTM on 

medication adherence, including this dissertation research, focused on a period that 

ranges from 6 to 24 months of observations. Studying the relationship between MTM and 

adherence over longer period of time could produce insightful results that would add to 

the knowledge base about MTM. This consideration of time effects ought to be accounted 

for in assessing economic outcomes as well. Preferably, patients should be followed for 

periods beyond 1 year post MTM exposure to assess whether continuously receiving 

MTM services result in sustained economic benefits. 

 

Another area that warrants further investigation pertains to the optimal frequency of 

MTM visits. Future studies could expand on the findings from the first two manuscripts 

(chapter 3 and 4) on the impact of number of visits on the economic, clinical and 

behavioral outcomes of MTM. A potential goal for these studies would be to estimate a 
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dose-response relationship that would titrate the number of MTM visits based on both 

patients’ clinical needs and expected benefits.   

 

Also, more studies are needed to examine differences in outcomes between alternative 

forms of MTM provision (face-to-face vs. telephonic).  Positive outcomes of MTM 

services reported with face-to-face visits need to be contrasted with the telephonic form 

of MTM delivery. Perhaps, studies with both interventions as comparators could fill this 

gap in current knowledge about MTM. The best format for providing MTM services is a 

main question being asked by the Agency for Healthcare Research and Quality 

(AHRQ).
52

  

 

Additional studies on potential role of MTM on quality improvements should be done for 

disease areas other than diabetes. Diabetes was the focus of the first three manuscripts but 

this work could be extended to other quality measures. Potential candidates for evaluation 

include the Minnesota Community measurement (MNCM) optimal vascular care (V4) 

and optimal asthma care (A3).  

 

Finally, further studies are needed to assess humanistic outcomes of MTM using 

standardized quality of life instruments like SF-6D and EQ5D. This is an important 

dimension of care that could be ameliorated by MTM services. In addition, this would be 

an important contribution to the MTM services evaluation literature by facilitating the 
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creation of cost effectiveness and cost utility models measuring MTM services combined 

economic, clinical and humanistic outcomes.  

 

Conclusions 

The consistent finding among all five manuscripts is that MTM services, when 

appropriately targeted to a population of patients most in need of pharmacist-led therapy 

management, have positive effects on clinical, behavioral (i.e. medication adherence) and 

economic outcomes. Patients who had less complex profiles did not show an accrual of 

benefits from MTM intervention or reduction in medical and total healthcare costs.  

Further, it was clear that MTM services must be consistently delivered to achieve and 

maintain its intended beneficial outcomes. Finally, our results indicate that the beneficial 

effects of MTM therapy are not immediately apparent an therefore, it is imperative to 

ensure that individual MTM service visits are not limited in number and are available 

over an extended period of time. 
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