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1. Introduction 

 

The primary goal of health care decision makers and now increasingly of health care 

providers is to ensure that health care interventions that provide the most health care 

gain for the population are used. The available resources, however, are scarce. Thus, 

decision makers are confined to making choices between alternative health care 

interventions competing for resources. Health-economic evaluation, or in the case of 

pharmaceuticals, pharmacoeconomic evaluation is a decision tool that compares the 

costs and the outcomes or health gains of these interventions. (Drummond et al. 1997)  

 

A number of health technology assessment (HTA) agencies have been set up across 

the developed world to assess the comparative health economics of various health 

care interventions. Transferability and adaptability of these results are crucial for 

emerging countries such as Hungary, where resources to perform these studies are not 

available. (Gulácsi et al. 2004, Gulácsi 2007)  

 

The comparison of health care interventions is usually based on results of clinical 

trials, which traditionally had been conducted in the developed world, although there 

has been a recent shift to emerging countries. However, since the 1960s, the 

introduction of clinical trials as they are known today, it has been pointed out that 

results from clinical trials do not necessarily match those expected in routine clinical 

practice. (Schwartz and Lellouch 1967, Sackett and Gent 1979, Feinstein 1983, 

Revicki and Frank 1999) As the main goal of health economic analyses is to inform 

and aid decisions for routine clinical practice, it is imperative that these evaluations 

account for the factors that differ between clinical trials and real life practice.  

 

These differences are due to the different conditions of clinical trials and routine 

practice. An important factor is the difference in patients‟ compliance with their 

prescribed treatments. Compliance is one of the most widely used terms describing 
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how well patients follow therapeutic instructions; however, various terms and exact 

definitions will be provided later.  

 

It is a well-known phenomenon that most patients deviate from their prescribed 

treatments and medication regimens to some extent. This can undermine the 

treatments‟ efficacy (efficacy as shown in clinical trials), resulting in decreased 

effectiveness (as expected in routine practice). The consequences may be suboptimal 

clinical results and economic loss.  From a health-economic perspective, decreased 

therapeutic gain is expected from the intervention: the patient‟s recovery may take 

longer, the disease may become more severe, the chances of therapeutic success may 

decrease, and the chances of adverse therapeutic effects may increase. In addition, the 

economic consequences need to be considered: health care resource use, hence health 

care costs may increase as a result of more frequent consultations and extended 

hospital stays. Moreover, suboptimal medication compliance may require unnecessary 

increases in the prescribed dose, changing of therapy, or diagnostic tests. All the 

above will impact the results of health economic or pharmacoeconomic evaluations 

by changing the cost-effectiveness of the treatments. 

 

The study of patient medication compliance has been somewhat neglected by both the 

Hungarian and the international scientific community. This may explain the lack of 

universally accepted terminology and methods of measurement. Thus, in the first 

chapter, the terms used to describe the phenomenon, the methods used for measuring 

it and some epidemiological data to highlight its importance will be presented. The 

further chapters will examine the clinical and economic consequences of suboptimal 

patient compliance and finally a recommendation on how to incorporate compliance 

into pharmacoeconomic evaluations will be formulated.  

 

1.1. Compliance – the link between efficacy and effectiveness? 

 

Clinical trials are carried out to prove the efficacy and safety of new health care 

technologies. They are performed according to strict protocols that establish 
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conditions different from those in real life practice. Therefore, efficacy results do not 

reflect results expected in routine practice and can not be generalized. 

 

Why can not be the results of clinical trials performed under strict scientific rigour 

generalized? Randomized controlled trials (RCTs) are the gold standard of clinical 

trials. RCTs (efficacy trial, experimentary study, explanatory trial) assess the efficacy 

and safety of health care interventions. Efficacy is defined as the outcome of a health 

care technology under controlled circumstances as compared with placebo or an 

active comparator. In pharmaceutical research, these studies are carried out in phases 

2 and 3.  RCTs have high internal validity, that is, research is aimed at maximizing 

scientific validity within the study. Results of RCTs can be used for health economic 

evaluations, and traditionally they have been used (so called piggy-back health 

economic trials). However, the limitation of such health economic evaluations lies in 

the extent of their external validity, that is, how much their results are generalizable to 

routine practice. (Revicki and Frank 1999) 

 

What are these artificial, highly controlled circumstances of RCTs? (Gulácsi 1999) In 

an RCT, researchers attempt to minimize the variability in their research population 

that would hinder their conclusion that any change is due to the tested health care 

intervention only. The study population is usually rather homogeneous, selected by 

strict inclusion and exclusion criteria, not representing the range of patients in real life. 

Neither are the investigator sites or physicians representative. The totality of health 

care provided is also different as it is formalized in a protocol and physicians may be 

more motivated or at least are under more scrutiny. Importantly, they and their 

patients are usually blinded to treatment, not knowing whether it is placebo or active 

medication that is being administered. In addition, the measured endpoints may not be 

relevant to real life either, as many times intermediary endpoints are used rather than 

hard endpoints (e.g. change in blood pressure versus cardiovascular mortality). 

Furthermore, resource utilization can not be accurately measured under artificial 

circumstances. Finally, the study of the health care intervention and the disease is 

isolated, no interaction with other therapeutic areas or the whole of the health care 

system are accounted for.  (Baltussen et al. 1999) 
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Routine clinical practice is more complicated. Effectiveness (or pragmatic, real world, 

or naturalistic) trials, performed in the end of phase 3 or in phase 4 after marketing 

authorization try to accommodate real life variability. Effectiveness is defined as the 

outcomes of a health care technology under routine circumstances. The research 

question is usually not whether the therapy is efficacious versus placebo, rather 

whether treating a given health care problem, should technology A or B be 

recommended? Thus, effectiveness does not only depend on efficacy, but on 

simplicity, ease of use, and acceptability to the patients and affordability to the health 

care system. These studies trade off lower internal with greater external validity, 

hence their results are more generalizable. There is an increasing trend to perform 

health economic evaluations based on results of effectiveness trials, which provide 

more meaningful input into resource allocation and health care decision making. This 

is not to question the need for RCTs in the first place. (Revicki and Frank 1999, 

Baltussen at al 1999, Simon et al. 1995) 

 

As it was discussed, one of the most important differences between the strict protocols 

of clinical trials and less regulated routine practice is the adherence of treatment 

protocol, although clinical trials protocols are not perfectly followed either. (Revicki 

and Frank 1999) Compliance with medications in clinical trials is usually greater than 

in routine practice, as proven by a number of researchers. (Andrade et al. 1995, Caro 

et al. 1999) Thus, efficacy established in clinical trials may overestimate effectiveness 

in routine practice. (Revicki and Frank 1999, Bombardier and Maetzel 1999) Varying 

patient compliance hence may be an important explanatory factor of the difference 

between efficacy and effectiveness. 

 

In addition, randomized clinical trials do not measure patient compliance, or if they 

do, they measure it with insufficient methods as it will be shown later on. An example 

of such an RCT was also published by Tamas Koncz.   (Emery et al. 2008) 

 

One of the foundations of modern medicine is pharmacological therapy. The majority 

of patients, nevertheless, do not take their medication according to prescription in the 
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right time, dose, or frequency. This applies to prescriptions other than 

pharmaceuticals: diet, lifestyle, etc. Today‟s health care is increasingly based on 

evidence based therapeutic protocols that incorporate health economic aspects too. 

However, each protocol carries the possibility of non-adherence. (Urquhart and 

DeKlerk 1998) The protocol itself may be deficient, hence not following it may be a 

rational decision. Notwithstanding, assuming most protocols are as correct as possible, 

not adhering to them may result in decreased effectiveness and inefficiency is 

resource use.  

 

 

1.2. Medication non-compliance 
 

Non-compliance with prescribed medication is as old as medicine itself. (Lindström 

and Bingefors 2000) According to a Cochrane systematic review, the full benefit of 

pharmacological treatments can not be realized with current levels of patient 

compliance. (Haynes et al. 1999) Its impact can be negative both from a clinical and 

an economic perspective. (Hughes et al. 2001a, Cleemput et al. 2002) 

 

Non-compliance has a number of causes: medical, psychological, socio-economic, 

access to medication, understanding of disease and pharmacological therapies, 

adverse effects, ease of use, disease and medicine specific factors, or simple 

forgetfulness. (Cleemput et al. 2002, Skaer et al. 1996) Although it is not within the 

remit of this thesis, it is important to highlight some of the explanatory theories of 

non-compliance. According to Blackwell, compliance is associated with patient 

satisfaction, the continuity of care, and the acceptance of therapy while non-

compliance is related with the complexity of medication regimens, adverse effects and 

social dysfunction. (Blackwell 1996) There are several psycho-social models 

describing non-compliance. The so-called „health belief model” is based on the 

patient‟s attitude toward health. The patients seek health care and follow prescribed 

treatments if they believe to be susceptible to the disease, consider its consequences 

severe, and the costs and inconveniences of therapy are compensated by its usefulness. 

(Strecher and Rosenstock 1996) The so-called „reasoned action model” is based on 

the patients‟ attitude and norms to compliance as an action. Attitude is defined by the 
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confidence and thought about the outcome of the treatment, and subjective norms 

depend on the patients‟ normative setting. (Montano et al. 1996) Low compliance 

with anti-psychotic treatment used to be explained for example by the patients‟ and 

their environment and the wider society‟s beliefs that psychological therapy was more 

appropriate than medication taking. These beliefs have changed since. (Angermeyer 

and Matchinger 1994) 

 

In addition to the patient-related factors, non-compliance is also related with a number 

of economic and health care provider factors, patients‟ out-of-pocket costs (e.g. co-

payments and co-insurance). According to a study by Cheng at al. (2001), compliance 

was highest and declined least rapidly among patients with a co-payment between 

US$0 and US$10, and it was lowest among those with a co-payment greater than 

US$20. (Cheng et al. 2001) Further, Curkendall et al. (2008) analysed adherence in a 

retrospective analysis of a database for the period of 2002-2004, containing 2285 

Rheumatoid Arthritis (RA) patients on either adalimumab or etanercet. It was found 

that patients‟ out-of-pocket costs to pay for these costly biologic medications 

influenced adherence. (Curkendall et al. 2008) The effect of the provider-related 

factors was shown in a survey of providers where the most frequently quoted factors 

impacting compliance were time-constraints on office visits and the use of multiple 

guidelines with varying recommendations. (Harris Interactive 2005) Among health-

care related factors, fragmented patient care was a barrier to compliance: patients 

attending more than two pharmacies who had more than three prescribing physicians 

were twice as likely to be non-compliant. (National Coalition on Health Care 2009) 

 



2. Review of the terminology and measurement 

 

There is great disparity in how compliance and persistence are defined, and the health 

economic literature is no exception. (Hughes et al. 2001a, Cleemput et al. 2002, 

Hughes et al. 2001b)  The International Society of Pharmacoeconomics and Outcomes 

Research (ISPOR) Special Interest Group set out to standardise definitions (ISPOR 

SIG 2009).  

 

Although not considered in these definitions or in the present review, compliance has 

also to do with patients‟ quality of medicine taking e.g. whether medicines are taken 

with or after food, swallowed whole and not chewed, and so forth.  These are less 

easily measured or quantified but for some medicines are of equal importance.
 
 

 

There is also great disparity in how compliance and persistence are measured. The 

lack of consensus on what is meant by compliance and then how it is measured 

greatly hinders comparability of findings from different studies, hence scientific 

evaluation of the magnitude of the problem. This chapter reviews the terminology of 

the field and the different techniques used to measure compliance. 

  

2.1. Definitions 
 

There are a number of terms used to describe compliance. The English language uses 

compliance, adherence, and persistence. The differences between these terms will be 

highlighted below. The Hungarian word is beteg-együttműködés. Other terms are 

observance therapeutique (French), Therapietreu (German), therapietrouw (Dutch).  

 

Medication compliance as defined by the ISPOR Special Interest Group is the extent 

to which a patient acts in accordance with the prescribed interval, dose, and dosing 

regimen. (ISPOR SIG 2009, Hughes et al. 2007) Adherence is used as its synonym.  It 

is typically expressed as a percentage of total number of doses taken (if prospectively 

measured) or therapy-days available (if retrospectively measured), in relation to the 

time period of observation during which compliance is measured. (Hughes et al. 

2007) 
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However, it is worthwhile to investigate the terminology somewhat further. The most 

widely used term remains compliance, which has a broader and narrower definition. 

According to the broader definition, compliance is „the quality of the patient‟s 

execution of the prescribed therapy”. (Métry 1999) This definition has been criticized 

as too paternalistic, assuming that the physician knows best what is best for the patient. 

This notion stems from the principal-agent model of health care, that is, given the 

information asymmetry on the health care market, the physician, who has more health 

care knowledge, becomes the agent on behalf of the patient (principal) and the patient 

delegates decisions to his physician. (Arrow 1963, Haas-Wilson 2001) However, 

optimal level of patient compliance requires that the patient actively participates in 

therapeutic decisions; therefore, some suggested the term therapeutic alliance or 

concordance. Thus, the Hungarian word beteg-együttműködés is probably one of the 

most descriptive of what is meant by the phenomenon. 

 

For the narrower definition of compliance, it is necessary to list what actually is meant 

by compliance. A number of questions as follows appear in the literature: 

 

- To what extent does the patient follow the prescribed regimen? 

- How many pills/tablets are taken? 

- How frequently? 

- What is the time interval between doses? 

- For how long does the patient take the medication? 

- Does the patient discontinue prematurely? 

- Are there any breaks in medication taking? 

- How, in summary, is the therapy executed? 

 

A prescribed regimen has two dimensions: dose and time. The patient‟s dosing history 

therefore can be described with these two variables: when and how much medication 

was taken. The narrower definition of compliance can be derived hence as the overlap 

between the patient‟s dosing history and prescribed regimen, that is, the extent to 

which a patient acts in accordance with the prescribed interval, dose, and dosing 

regimen.  The definition implies that it is at the patient level and that each patient‟s 

compliance may differ. (Métry 1999) 
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Smaller or larger medication errors, e.g. failure to take a dose or doses, late intake or 

taking extra doses are all described as non-compliance, so it is not a useful description. 

However, the above definition allows the quantification of compliance as well. It is 

the comparison of two series: the dosing history and the prescribed regimen. 

Compliance is typically expressed as a percentage of total number of doses taken (if 

prospectively measured) or therapy-days available (if retrospectively measured), in 

relation to the time period of observation during which compliance is measured. 

(Hughes et al. 2007)
 

 

Following the time sequence of events in medication taking, it is possible to place the 

various terms into one simple scheme. After the diagnosis, the physician orders a 

prescription with or without the active involvement of the patient.  The patient may or 

may not accept the therapy. If the patient rejects the therapy and does not fill the 

prescription at the pharmacy, that is called primary non-compliance. (Beardon et al. 

1993) If the therapy is accepted, it will be executed to a varying extent and either 

discontinued prematurely, or at the required time. It is important to note that not 

discontinuing a therapy when it should be is also non-compliance. There are many 

chronic therapies, however, that need to be followed life-long. Therefore, the term 

persistence, i.e. persisting with the therapy has been introduced. Medication 

persistence is the length of time from initiation to discontinuation of therapy and is 

measured in units of time. (Hughes et al. 2007, Urquhart 1997)  

 

Further clarification is required about the terms discontinuation (or drop-out in 

clinical trials) versus non-compliance. Discontinuation implies the termination of 

medication taking, so it is related with persistence. Nevertheless, non-compliance 

does not mean the termination of medication taking, as described above. If medication 

taking ceases, only time can tell whether it is temporary (thus non-compliance) or 

permanent (thus discontinuation). A special case of non-compliance is the so-called 

drug holiday, when medication taking stops for 3 or more days then resumes. (Métry 

1999) The term discontinuation rate can also be found in the literature, which refers, 

at the population level, to the proportion of patients discontinuing with a medication 

regimen. (Jones et al. 1995)  
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It is noteworthy to mention the reasons for discontinuation: the patient does not find 

the medication effective, has adverse effects, or simply does not find medication 

taking useful any more. All the above reasons imply that the medicine is not effective 

enough. However, discontinuation may occur for the opposite reason as well: the 

medicine is effective, the patient‟s condition improves hence decides to discontinue. 

(Simon et al. 1995) 

 

A number of inter-related terms have been defined so far and each of these describes 

some aspects of the medication dosing. There is a blanket term, notwithstanding, that 

is used to describe the whole phenomenon. This term is adherence. Adherence is 

defined as the quality of the patient‟s execution of the prescribed regimen. It is not 

quantifiable; rather it is a qualitative term: there is poor versus good adherence. 

 

Although most of the research in the field has been aimed at adherence with drug 

regimens, therapeutic adherence certainly includes other non-drug therapeutic options 

as well. It is also important whether the patient agrees with the prescribed therapy, as 

mentioned above. The definition of adherence by the World Health Organization 

(WHO) thus states that it is “the extent to which a person‟s behaviour – taking 

medication, following a diet, and/or executing lifestyle changes corresponds with 

agreed recommendations from a health care provider.” (WHO 2003) 

 

Recently, adherence has become the most widely used term in the literature and, as 

described above, by the WHO as well. Thus, adherence will be the preferred term 

from here onwards.  

 

The opinion of Cramer et al. (2008) is somewhat different. The authors claim based 

on a literature review that no overarching term (i.e. adherence) combines compliance 

and persistence. These are distinct constructs. Medication compliance is synonymous 

with adherence and, similarly to the above definitions, it refers “to the degree or 

extent of conformity to the recommendations about day-to-day treatment by the 

provider with respect to the timing, dosage, and frequency.” It may be defined as "the 

extent to which a patient acts in accordance with the prescribed interval, and dose of a 

dosing regimen." Medication persistence, on the other hand, refers to the “act of 
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continuing the treatment for the prescribed duration.” It may be defined as "the 

duration of time from initiation to discontinuation of therapy." (Cramer et al. 2008)  

 

Any relationship between compliance, persistence and a medicine‟s effectiveness 

relies on the fundamental premise that the medicine can work (i.e. is efficacious).  It is 

important to recognise that in some instances, non-compliance may not always result 

in clinically meaningful differences between efficacy and effectiveness.  An example 

may include a drug that has a short duration of action in relation to its dosing interval, 

so that missing one or two doses may not be so critical.  This is referred to as 

forgiveness, and is a measure of the ability of a drug to maintain therapeutic activity 

despite the presence of non-compliance. (Hughes et al. 2007) Some drugs are very 

“forgiving”, e.g. omeprazole that blocks the proton pumps irreversibly, whereas some 

others are less “forgiving” e.g. oral contraceptives, where a delay of 12 hours warrants 

other methods of contraception. (Urquhart 2002) 

 

2.2. Measurement of adherence 

 

As described above, from the terms describing different aspects of adherence, 

compliance and persistence are quantifiable. In order to do this, however, the patient‟s 

dosing history must be known, it must be measured. The following is a brief overview 

of the methodology of the measurement of adherence. (WHO 2003, Boudes 1998) 

The advantages and limitations of the different methods will be described, as – like in 

every measurement – bias must be minimized and it must be objective, reliable, 

reproducible and valid. In addition, patient adherence is continuous in time, so 

measurement must reflect it. Lastly, in today‟s cost conscious health care systems, 

measurements should not be costly either.  

 

2.2.1. Questionnaires, patient diaries 

 

Patient adherence can be measured by collecting information from the patients 

themselves through questionnaires and patient diaries. The advantage is simplicity; 

however, these methods are not cheap and require the patients‟ and the physicians‟ 

time as well. Additionally, the quality of the information is not adequate. Patients tend 
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to overestimate their own adherence or provide answers that they believe the 

physician expects. A further bias is the forgetfulness of the patients. In summary, 

these methods are not objective.   

 

2.2.2. Electronic databases 

 

Since there have been electronic prescription databases, patients‟ adherence can be 

implied from these databases. Although the prescriptions by physicians or the 

prescriptions filled by patients do not directly measure adherence, they are a good 

proxy for adherence. The method is rapid and not costly. An example of this method 

and its usefulness in relating poor adherence to clinical outcomes will be described in 

chapter 7.   

 

The most widely used method, in particular in clinical trials, is pill counting. The 

patient receives a certain amount of pills during the visit and is asked to return the 

remaining untaken pills at the next visit. Compliance is calculated by comparing the 

remaining numbers of pills to the number that was supposed to be taken. The method 

is simple and inexpensive; however, it can be biased as some patients tend to discard 

untaken pills just before returning to the visit.   

 

2.2.3. Electronic compliance monitoring 

 

The most objective method is electronic compliance monitoring. The cap of the 

container for the pills or tablets is fitted with a microchip that stores information of 

each opening. Therefore, the time of each medication intake (medication event) is 

recorded. As the data collected can be downloaded onto computers and can be 

managed by software, analysis is relatively straightforward. The data (Figures 1 and 

2) allow for the quantification of compliance and persistence and can be linked to 

clinical and health economic outcomes. One disadvantage is that the method is 

relatively costly. Nevertheless, due to its reliability and objectiveness it is considered 

the gold standard of adherence measurement. (Boudes 1998, Cramer et al. 2003, 

Cramer 1995, Averbuch et al. 1990, Feinstein 1990, Cramer et al. 1998) 
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Since electronic compliance monitoring provides easily analysable data, a few 

examples of the metrics for quantifying compliance are provided. 

 

a) Taking compliance:  

 

(# recorded medication events / # prescribed doses) * 100%.  

For example, if during 50 days of monitoring the patient was prescribed two doses per 

day, and electronic compliance monitoring registered 86 medication events, then the 

patient‟s taking compliance is (86/100)*100%=86%. 

 

b) Correct dosing:  

 

(# days when the prescribed doses were correctly taken / # total therapeutic days) * 

100%. 

For example, if during 50 days of monitoring the patient was prescribed two doses per 

day, and electronic compliance monitoring registered 86 medication events, but only 

on 40 days did the patient take exactly 2 doses, then the patient‟s correct dosing is 

(40/50)*100%= 80%.  

 

c) timing compliance:  

 

It is assumed again that during 50 days of monitoring the patient was prescribed two 

doses per day and the interval between two consecutive doses should be 12 hours. 

Depending on the drug‟s pharmacokinetics, the interval between doses necessary to 

ensure efficacy can de defined. If it is +/-25% for example, that is 9-15 hours after, 

and if electronic compliance monitoring registered 86 medication events, but only 38 

events occurred between 9 and 15 hours after the previous dosing, then the timing 

compliance is (38/100)*100%=38%. 

 

Further, more complicated metrics can also be calculated, e.g. therapeutic coverage, 

that is, the time while the drug was to be found in its effective plasma concentration in 

the blood (Urquahrt and DeKlerk 1998, Métry 1999) 
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Figures 1 and 2 represent different patient compliance patterns.  

 

Figure 1: Regular dose taking, electronic compliance monitoring (MEMS®, 

©AARDEX Ltd.): x axis showing the date and y axis showing the time of the day 

 

 

Figure 2: Irregular dose taking, electronic compliance monitoring (MEMS
®

, 

©AARDEX Ltd.) 

 

 

2.2.4. Therapeutic monitoring 

 

Adherence can be estimated based on the therapeutic outcomes as well. This method 

seems to be the simplest, as therapeutic follow-up is part of the therapeutic process. 

For example, the normalization of blood pressure or ocular pressure normally 

indicates good adherence, although not necessarily. Contrarily, therapeutic failure 

raises the question on poor adherence. An example on the relationship between poor 

adherence and poor clinical outcomes will be presented in chapter 3.1.1.  
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2.2.5. Therapeutic drug monitoring 

 

Therapeutic drug monitoring is based on the detection of the drug or its metabolites in 

plasma, urine, faeces, hair, tears, etc. Adherence with anti-tuberculotic therapy, for 

example, can be followed up with rifampine, that discolours the urine. The plasma 

level of many drugs can be measured by blood tests. Sometimes low dose, easily 

detectable drug markers are used (phenobarbital, riboflavin, digoxin), that are 

administered in conjunction with the active drug. This method, notwithstanding, is 

time and resource consuming, and unpleasant for the patient. Interestingly, when 

therapeutic drug monitoring and electronic compliance monitoring were used together, 

it was found that patients tend to comply shortly before the physician visit (“white 

coat compliance”) but not during the whole observation period. (Cramer et al. 2003, 

Feinstein 1990) 

 

2.2.6. Directly observed therapy 

 

Directly observed therapy (DOT) provides extremely reliable information. It is used 

with medicines where good adherence is crucial in therapeutic success and even 

minor medication errors risk therapeutic failure, for example in anti-tuberculotic 

therapy. However, this method is rather expensive as it requires large human 

resources.  

 

Table 1 summarizes the various methods of measuring patient compliance. 

 

Table 1:  Methods for assessing patient adherence 

 

 Single measurement Continuous measurement 

Not reliable Patient interview 

Pill count 

Electronic database 

Patient diary  

Retrospective questionnaire 

Reliable Therapeutic  drug monitoring Directly Observed Therapy 

Electronic compliance  

monitoring 
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2.3. Prevalence of non-adherence 

 

According to a study investigating primary non-adherence, 5% of patients do not even 

fill their prescriptions. (Beardon et al. 1993) John Urquhart, the eminent early 

researcher of adherence, divides patients needing chronic medications into six groups 

(Urquhart 1997): 

 

a) patients who adhere perfectly, taking the right dose at the right time; 

b) patients who do not always take their medication at the right time, but they take the 

right dose; 

c) patients who occasionally miss a dose and delay their dosing; 

d) patients who miss several doses and have 3-4 drug holidays (drug holiday: a few 

consecutive days with no medication intake) a year; 

e) patients who have drug holidays approximately each month;  

f) patients who take little or no prescribed medication. 

 

The literature on patient adherence has been constantly growing, but the methodology 

of research is not standardized. Terms are frequently used inconsistently and there is 

great disparity in how compliance and persistence are defined and measured, 

particularly in the health economic literature. Most studies are based on patient 

questionnaires, which provide unreliable data. Nichol et al.. (1999) reviewed 72 

articles published about adherence in their systematic review and found poor study 

designs, definitions and measurements. (Nichol et al. 1999) 

 

With the caveats above, there are a few examples to highlight how ubiquitous the 

problem is. Systematic reviews estimate general rates of 50% of compliance in 

developed countries and even lower in developing countries. In the USA, compliance 

was 51% with anti-hypertensives and 40-70% with anti-depressants. According to 

another estimate, 30-40% of patients with depression discontinue their medication in 

the first 3 months of therapy. 24-63% of patients with schizophrenia are poor adherers. 

In Australia, 43% of patients with asthma take their medication as prescribed, and 

only 28% takes the preventive drugs. In anti-HIV therapy, compliance ranges between 
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37 and 95%, depending on the drugs and patients. (Simon et al. 1995, Lindström and 

Bingefors 200, WHO 2003) These data do not contain some subpopulations, e.g. 

teenagers, socio-economically disadvantaged groups, where adherence is expected to 

be even lower.  

 

Andrade et al.. (1995) looked at persistence with anti-hyperlipidaemic drugs in 

electronic prescription databases of health maintenance organizations (HMOs) in the 

United States. (Andrade at al 1995) Data of 2369 patients first prescribed anti-

hyperlipidaemic agents were reviewed retrospectively for one year. It was found that 

15-46% of patients discontinued with their medication within one year depending on 

the type of the drug. It may be assumed that the variable persistence rates can be 

explained by the different adverse effect profiles.  

 

In a more recent analysis of adherence with statins by elderly patients in Ontario 

Canada, adherence was defined as a statin being dispensed at least every 120 days 

after its prescription for 2 years. Two-year adherence rates in the cohorts were 

between 36.1 and 40.1% for secondary cardiovascular prevention, and 25.4% for 

primary prevention. (Jackevicius et al. 2002) 

 

Short persistence is also typical with anti-hypertensive drugs. Within one year of 

diagnosis, 30-50% of patients discontinue. (Balazovjech and Hlinica 1993) Jones et 

al., report even higher rates: of the 10222 patients in an electronic prescription 

database who were newly prescribed anti-hypertensive agents, 50-60% of patients 

discontinued with the first prescription, that implies either complete discontinuation, 

or switching to other treatments.  (Jones et al. 1995) 
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3. Consequences of non-adherence 

 

Since pharmacoeconomic evaluations assess the cost and benefit balance, the impact 

of poor adherence on effectiveness is as important as the impact on costs.  A very 

efficacious medicine may have poor clinical effectiveness unless taken, and taken 

properly.  The exact extent to which poor compliance and persistence will affect 

clinical effectiveness is a complicated issue, but a question that must be addressed in 

any quantitative pharmacoeconomic evaluation that wishes to take into account 

adherence.  

 

The topic of non-adherence has been mostly neglected by the clinical and health 

economic literature. It is therefore important, that the clinical and economic 

consequences of non-adherence are reviewed. As the quality of pharmacoeconomic 

evaluations mainly depends on the quality of underlying clinical data, and the 

economic data are driven by clinical data, the clinical consequences are the obvious 

point to start the analysis with.   

 

In the next chapter, examples are provided to show the impact of adherence on 

clinical effectiveness, costs and cost-effectiveness.  

 

3.1. Impact of adherence on clinical effectiveness 
 

Non-adherence impacts the chance of therapeutic success. (WHO 2003) The 

consequences range from negligible to the maximum, depending on the disease, the 

severity of the disease, the co-morbidities and the extent of non-adherence. In 

particular, infectious and chronic diseases are impacted. Non-adherence delays 

therapeutic remission, increases disease severity, new symptoms may appear, and in 

the case of infectious diseases, the risk of complications and development of 

multiresistent strains increases. (Haynes et al. 1999, Métry 1999) In the USA, half of 

unsuccessful pharmacological therapies are attributed to non-adherence. (Lindström 

and Bingefors 2000). It is estimated, including one Hungarian reference, that 80% of 

transplant rejections are the consequences of non-adherence with immunosuppressive 

drugs. (Rovelli at al 1989, Szabó and Müller 2002) 
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Miura, et al.. (2001) investigated the adherence of patients with chronic heart failure 

with digoxin therapy. Compliance was measured by therapeutic drug monitoring. It 

was found that the mortality of non-compliant patients was twice as high than those 

who complied, and they were hospitalized more frequently and for longer time. 

(Miura et al. 2001)  

 

Paterson, et al.. (2000) studied HIV positive patients‟ adherence with protease-

inhibitor therapy using electronic compliance monitoring. Based on the doses taken, 

patients were divided into one of three groups and they found the following 

therapeutic outcomes: 22% of those taking greater than 95% of the prescribed dose 

had HIV RNA levels indicating 400 copies/ml (that is greater than the clinically 

acceptable level), whereas 61% of those taking 80-95% had an excessive level and of 

those who took less than 80%, more than 80% had the high level of HIV RNA. This 

implies that the success of anti-HIV therapy depends much on adherence. In a further 

analysis, it was also found that while those taking greater than 95% spent and average 

of 2.6 days in hospital over 1000 follow-up days and had no opportunistic infections 

or fatalities, those taking less than 95% spent 12.9 days in hospital on average and had 

opportunistic infections and fatalities as well. The above examples suggest that there 

are not only clinical consequences to non-adherence, but health care resources may be 

increased; thus, a complex health-economic approach is required. (Paterson et al. 

2000) 

 

Non-adherence and non-compliance in particular (i.e. medication errors in timing and 

doses) may increase the frequency of adverse effects: recurrent first dose effect after a 

drug holiday, or rebound effect with sudden discontinuation of treatment. (Urquhart 

and DeKlerk 1998) 

 

3.1.1. Anti-hypertensive drugs and patient adherence 
 

It has been described above that patient medication adherence has its greatest impact 

on long-term, maybe life-long chronic therapies, or in cases of shorter term anti-

infective therapies (e.g. anti-tuberculotic treatment). Below is an example of chronic 

anti-hypertensive therapy.  
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Therapeutic guidelines for the treatments of hypertension recommend keeping the 

blood pressure below 140/90 Hgmm for the reduction of cardiovascular and 

cerebrovascular morbidity and mortality. (The JNC 7 Report 2003) In spite of this, the 

blood pressure of only 34% of the patient population is under the above therapeutic 

limit in developed countries. (The JNC 7 Report 2003, Colhoun et al. 1998) 

According to some surveys, only less than 25% of treated patients have optimal blood 

pressure. This figure is 30% in the USA, 7% in the United Kingdom and 4.5% in 

Venezuela. (WHO 2003) Why these low rates, when it is well-known that blood 

pressure can be kept under control with pharmacological treatments, as proven by a 

number of studies, e.g. HOT (Hypertension Optimal Treatment) RCT? (Hansson et al. 

1998) At the beginning of this thesis the factors that separate clinical efficacy from 

real life effectiveness were discussed and one of these factors was adherence, or the 

lack of it. In the case of hypertension, adherence represents an even greater problem 

than usual because hypertension is a chronic, but mostly asymptomatic disease. 

Adherence tends to be suboptimal without symptoms. (The JNC 7 Report 200353) 

The clinical consequences of poor adherence are evident from the study of Psaty 

(Psaty 1990): the non-adherent patients were 4.5 times more likely to suffer 

cardiovascular complications than those who complied.  

 

- Refractory versus false refractory hypertension 

 

There is a further point to be considered. There are numerous cases when after 

intensive combination therapy the patient‟s blood pressure remains high. The 

diagnosis in these cases is usually refractory or resistant hypertension. (Setaro and 

Black 1992) This diagnosis leads to the escalation of therapy: increased doses, 

therapeutic switches and combinations, and further diagnostic tests. (Burnier et al. 

2001)  

The diagnosis of refractory hypertension is incorrect, however, in many cases. The 

reason for unsuccessful therapy may be poor adherence. (Cramer 1998) It is important 

therefore to establish the difference between real and false resistant hypertension. 

There is no diagnostic test to do this, however. (Burnier et al. 2001, Wäber et al. 

1999) 
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Electronic compliance monitoring was suggested to solve this problem. Electronic 

monitoring of compliance, as shown above, may be the closest to an objective, 

reliable and continuous measurement of compliance. In a prospective clinical study, 

the compliance of 41 patients with refractory hypertension (mean blood pressure 

156/106 Hgmm, SD +/- 23/11 Hgmm) were followed up for two and further two 

months. (Burnier et al. 2001) Patients continued with their anti-hypertensive 

medication and were told about the compliance measurement. It was found that there 

was a statistically significant association between monitoring of compliance and 

reduction in blood pressure. Within two months, the blood pressure of 1/3 of the 

patients normalized, and a further 1/5 of patients had clinically significant reduction 

of >20 Hgmm systolic reduction or >10 Hgmm diagnostic reduction (mean blood 

pressure 145/97 Hgmm, SD +/- 20/15 Hgmm, p<0.01). It was also found that those in 

the lowest tertile according to compliance had statistically significantly greater higher 

blood pressure.  These results suggest that some of the patients who were previously 

diagnosed with refractory hypertension were simply non-compliant. Hence, the 

„responder” and „non-responder” patients can be diagnosed and the non-responders 

further divided into compliant and non-compliant. Certainly, this small uncontrolled 

study has its limitations. The fact of monitoring compliance itself increases 

compliance. Nevertheless, the separation of patients according to compliance was 

possible with this method. (Burnier et al. 2001) 

Another feature of poor adherence with anti-hypertensive therapy is short persistence. 

It was already shown at the prevalence of poor adherence that within 1 year of 

diagnosis 30-50% of patients discontinue with their therapy. (Balazovjech and Hnilica 

1993) Additional surveys report that in the USA 51%, in China 43%, in Gambia 27% 

and in Seychelles 26% of patients are non-adherent. (WHO 2003, Bovet 2002) 

 

In Hungary, Rapi (2002) reported on the relationship between anti-hypertensive 

therapy and patient compliance. The author used a patient reported questionnaire to 

assess patient adherence and one third of them were found non-adherent. Additional 

information from the study was that most patients had limited information of the 

disease and the therapies. The limited success of the therapy, according to the author, 

may be attributed to non-adherence, in particular when the patient is not aware of the 

consequences of his or her behaviour, and believes the medicine need not be taken in 
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the absence of symptoms. Moreover, Rapi believes that it is also the responsibility of 

the treating physician to provide the necessary information to the patient. Further 

factors may be side-effects, and Rapi concludes the need for a complex approach to 

address patient non-adherence. (Rapi 2002)  

 

3.2. Impact of adherence on health care costs 

 

The impact of non-adherence (non-compliance and non-persistence) on health care 

resource use or utilisation (HCRU) and therefore costs, is likely to manifest in two 

ways: 

1. The immediate and direct impact of poor adherence on medicine acquisition 

costs – i.e. fewer drugs are acquired. 

2. The less immediate and indirect impact of poor adherence on subsequent 

overall HCRU associated with the treated condition, as a result of affecting 

clinical effectiveness, and thus health outcomes as discussed above. The 

contribution of adverse drug reactions to non-adherence and their impact on 

HCRU also need to be accounted for. These effects may increase HCRU.  

 

It is logical that poor adherence is likely to reduce medicine acquisition costs, but may 

increase subsequent overall HCRU.  These two cost-drivers may therefore be 

operating in opposite directions.   

 

The impact on medicine acquisition costs is determined most obviously by the extent 

of poor adherence, i.e. a complete lack of compliance and persistence will not cost 

much. However, it is more complex to assess how medicine acquisition costs are 

generated in relation to medicine-taking behaviours. For example, if poor persistence 

is shown by patients continuing to obtain prescriptions but building up their medicines 

cabinet, then poor persistence will cost as much as perfect persistence. In addition, the 

over-use of medicines, itself a form of non-adherence, may increase treatment costs. 

   

The impact on subsequent overall HCRU will be determined primarily by the level of 

impact on clinical effectiveness, and on the relationship between effectiveness and 

HCRU.  For example, if a medicine is very „unforgiving‟ (see page 16, chapter 2.1) in 
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relation to compliance, and the HCRU associated with suboptimal management of the 

condition is high, then the impact of poor compliance on HCRU will be large. 

 

John Urquhart (Urquhart 1996) was one of the first researchers of adherence to 

extrapolate its economic consequences. The author was a member of his research 

team for some time and some initial thoughts about the direct association between 

adherence and health care costs were published in a poster at ISPOR. (Vrijens et al. 

2003)  

 

Sokol et al.. conducted a retrospective cohort study to evaluate the impact of 

medication non-persistence on HCRU and costs for hypercholesterolemia, diabetes, 

hypertension, and congestive heart failure in 137,277 patients in the USA.  Persistence 

was defined as the number of days‟ supply of maintenance medications (expressed as 

a 1-year percentage), obtained from administration claims data, for each condition.  

For hypercholesterolemia and diabetes, high persistence rates were associated with 

lower disease-related medical costs.  Higher medication costs were more than offset 

by medical cost reductions, producing an overall reduction in health care costs.  For 

hypertension, medical costs tended to be lowest at 80% to 100% persistence, but 

differences were generally not statistically significant.  Differences for congestive 

heart failure were not significant.  

 

Increases in risk of hospitalization, defined as the probability of one or more 

hospitalizations during a 12-month period, were evident in all four conditions, as 

persistence declined. (Sokol et al. 2005)  For diabetes, patients in the 80% to 100% 

persistence group had a 13% risk of diabetes-related hospitalization, compared with 

20% in the 60-79% group, and 24% in the 40-59% persistence group.  Similarly, for 

hypertensive patients, high levels of persistence (80-100%) were associated with a 

reduced risk of hypertension-related hospitalization (19%) compared to lower rates of 

persistence (40-59% persistence, 24% risk).  When considering all-cause 

hospitalization, a more pronounced difference was apparent, possibly an indication 

that non-persistence with one medication is associated with non-persistence with other 

medications for a co-morbid condition(s). 
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As it was seen in Sokol‟s example, the clinical consequences of non-adherence define 

its economic consequences. It may happen that after diagnosis, the patient does not 

present for treatment, or initiates treatment but discontinues shortly. Hence, the costs 

of diagnosis are wasted costs. (Métry 1999) Reduced therapeutic success increases 

HCRU. This will manifest in more frequent consultations, increased hospital stays, 

further diagnostic tests, and so forth. Iskedjian et al.. (1998) and Sullivan, et al.. 

(1990) attribute 5.5%, while Coambs et al.. (1995) 6-10% of hospital admissions to 

non-adherence. (Iskedjian et al. 1998, Sullivan et al. 1990, Coambs et al. 1995) As 

discussed in the case of refractory hypertension, non-adherence leads to increased 

doses, therapeutic switches and combinations, and unnecessary diagnostic tests. 

Missing appointments with consultants leads to wasted HCRU as well. (Cleemput et 

al. 2002)  

 

- general costs 

 

Although the definition and measurement of adherence is variable, limiting the 

reliability of the estimations, the following studies provide some clues to 

understanding the magnitude of the economic impact of non-adherence. All costs are 

transferred to US$.  

 

In Ontario, Canada, direct medical costs of non-adherence were $735 million, while it 

was estimated at $13.35 billion for the whole of the United States. (Iskedjian et al. 

1998, Sullivan et al. 1990) These are 0.8 and 1.7% of the annual health care 

expenditure, respectively. Sullivan, et al.. (1990) found double the direct costs when 

added productivity loss and premature mortality due to non-adherence. In Canada, 

Coambs, et al.. (1995) estimated $1.78-2.72 billion in hospital costs, $1.09 billion in 

outpatient costs, $0.66 billion in other HCRU and $3.53-4.49 billion in productivity 

loss due to non-adherence.   

 

- Disease-specific costs  

 

Costs occurring due to non-adherence may be more meaningful if assessed by disease. 

Treatment of non-adherent patients undergoing haemodialysis‟ costs US$ 379 000 

over 10 years. (Minuth 1992) $ 13 640 could be saved annually if kidney transplant 
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patients had better adherence with immunosuppressive therapy. (Swanson et al. 1992) 

Optimal adherence of hypertensive patients would save $927 for Medicaid in 

California and $399-445 in Pennsylvania. (Swanson et al. 1992, McCombs et al. 

1994) Cost of hospital admissions due to temporary or permanent discontinuation of 

anti-hypertensive therapy were estimated at $800. (Office of National Cost Estimates 

1990) 

 

In schizophrenia, poor compliance or persistence exacerbated the disease. This results 

in US$2.3 billion in additional costs in the United States over a year. (Weiden and 

Olfson 1995) Indirect proof for the incremental impact on costs of non-adherence is 

the introduction of depot anti-psychotic drugs, whereby eliminating some of the risk 

of non-adherence reduces the rates of relapse and hospital stay. (Lindström and 

Bingefors 2000) An Austrian study estimated that discontinuation of anti-depressive 

pharmacological therapy resulted in additional ATS 4088 in 5 months due to 

increased number of consultations at the general practitioner, psychiatrist, other 

consultants, hospital admissions and intensive care. (Brown et al. 1999) 

 

It may be that non-adherence decreases HCRU, in cases when the patient would be 

refractory to the treatment anyway, or when the treatment is not effective. (Hughes et 

al. 2001a) It must be noted however, that the perspective of the pharmacoeconomic 

analysis is important. Aggregated costs need to be calculated to account for the whole 

of the population in the entirety of health care provision. An expensive, but not too 

effective medicine may result in cost-savings; however, this remains the exception 

rather than the rule. The viewpoint of the analysis remains important for the externalia 

as well. For example, a patient prescribed anti-HIV or anti-tuberculotic therapy may 

cause negative externalia by not taking his or her medication, as this will increase 

viral or bacterial resistance, which may pose risk not only for the patient, but the 

society as a whole.  (Cleemput et al. 2002) 

 

3.3. Impact of adherence on cost-effectiveness 
 

To assess the combined impact of non-adherence on both health outcomes and costs 

requires the use of economic evaluations. In spite of its clear impact on clinical and 
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economic outcomes, adherence is not included routinely in pharmacoeconomic 

analyses.  

Hughes et al.. and Cleemput et al.. reviewed the literature for pharmacoeconomic 

evaluations that considered non-adherence and identified a need for better methods for 

integrating measures of adherence in economic evaluations. (Hughes et al. 2001, 

Cleemput et al. 2002) Later, Hughes et al. performed a review in 2007 to investigate 

the empirical evidence whether approaches of incorporating non-adherence into 

pharmacoeconomic evaluations had improved since the original publications of 

Hughes and Cleemput. (Hughes et al. 2007) The conclusion of all three review papers 

was that patient adherence with pharmacotherapies is usually not included in 

pharmacoeconomic evaluations and even when it is, the definitions and methods used 

to describe it are not standardized. Below, an update to this review will be described. 

 



 32 

4. Objective, main goals and hypothesis 
 

The objective of this thesis is to provide evidence that patient medication adherence is 

below the level deemed optimal by current medical knowledge (suboptimal 

adherence) and this fact has implications on the effectiveness and economics of 

pharmacotherapy.  

The hypothesis is that patient adherence is suboptimal and this will decrease the 

clinical effectiveness of pharmacotherapy and will increase overall health care 

resource utilization.  

 

The objective will be approached through three main goals: 

 

Goal #1:  

Evidence on patients‟ level of adherence with pharmacotherapy will be explored 

through a systematic literature review of adherence with biologic DMARDs.  

 

Goal # 2: 

In a second literature review, pharmacoeconomic studies that considered medication 

adherence will be assessed.  

 

Goal #3: 

Evidence when suboptimal patient adherence results in decreased clinical 

effectiveness will be provided through a database analysis. 
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5. Methods 
 

 

In the Methods chapter, the methodology of three studies will be described.  

 

The first study („adherence review‟) systematically reviewed the literature on 

adherence with biologic disease modifying anti-rheumatic drugs (DMARDs) in 

Rheumatoid Arthritis (RA). 

 

In the second study („pharmacoeconomic review‟) pharmacoeconomic studies that 

considered medication adherence were assessed. 

 

The third study („database analysis‟) provided an example of evidence when 

suboptimal patient adherence resulted in decreased clinical effectiveness: levels of 

gastroprotective agent (GPA) co-prescription for nsNSAID–treated patients were 

described, and the effects of varying levels of concomitant GPA use on the rate of 

hospitalization in patients at high gastrointestinal risk were assessed.  

 

 

5.1. Methods of the adherence review 

 

A MEDLINE search was conducted to identify potentially relevant published papers. 

Searches of reference lists of relevant papers were also performed to identify 

additional studies that may have been missed using the computer-aided strategy. 

Medline was searched between Jan 1997 and Feb 1 2010 for English language articles 

that assessed adherence, compliance, and persistence with biologic DMARDs in RA. 

Appropriate Boolean operators were specified for pharmacological treatments to 

identify articles that were common to the following three groups of search terms:  

 

1) references related with biologic DMARD treatments, any of the following: TNF-

alpha inhibitor, biologics, biological DMARD, abatacept, adalimumab, anakinra, 

certolizumab-pegol, etanercept, golimumab, infliximab, rituximab, tocilizumab.  

 

2) references related with adherence, any of the following: adhere#, comply, 

complian#, non-adhere#, non-complian#, persistence, survival, drug survival, 
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continuation, discontinuation, retention, treatment retention, noncompliance, 

nonadherence, non-persistence, nonpersistence, concordance.  

 

3) Rheumatoid Arthritis 

EMBASE, the Cochrane library, DARE, NHS EED and HTA were also searched with 

the above search terms. 

 

Two investigators reviewed the titles and abstracts of all citations identified by the 

literature search independently. Potentially relevant studies were retrieved and the 

following inclusion criteria were applied: (1) biologic DMARD therapy; (2) adult 

patients; (3) a definition of adherence provided; (4) methodology of measurement of 

adherence described; (5) original research article. Studies with a sample size of lower 

than 100 were excluded. RCTs were not considered for the assessment of persistence 

as drop-outs and are driven by predefined protocols in these studies. A checklist of 22 

items (the STROBE statement, maximum score 22) was applied to each included non-

RCT report to assess whether the reporting of observational studies was accurate and 

complete. (von Elm et al. 2007) 

  

Two investigators reviewed the eligible articles independently. Disagreements on 

scoring on the evaluation criteria were resolved by consensus. The following 

information was extracted for each selected study: biologic DMARD and traditional 

DMARD (as control) used, study design, database analysis type, sample size, 

definition of compliance measurement, levels of compliance reported, definition of 

persistence measurement, levels of persistence reported. 

 

The data obtained from the selected articles describing adherence with biologic 

DMARD therapies in RA were tabulated and also presented descriptively. Given the 

large variations in methods and patient samples of the studies included, no attempt 

was made to perform a meta-analysis or to stratify studies.  
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5.2. Methods of the pharmacoeconomic review 

 

 

The literature was searched for pharmacoeconomic evaluations published in the 

period between January 1997 and March 2009. Articles were included if they 

explored the dependence of cost-effectiveness results on varying levels of some form 

of adherence-related measure. The different methodologies used were reviewed and 

articles were appraised critically.  

 

Pharmacoeconomic evaluations of pharmacological treatments that included (non-) 

compliance, (non-) persistence, or (non-) adherence as inputs in the economic 

evaluation process were searched through Medline by using the appropriate Boolean 

operators, to identify articles that were common to the following two groups of search 

terms: 

 

1) References to a cost-effectiveness or pharmacoeconomic evaluation in the title: 

cost-effective$ (cost-effective, cost-effectiveness), cost-utility 

 

2) Compliance, non-compliance, noncompliance, adherence, non-adherence, 

nonadherence, persistence, non-persistence, nonpersistence, discontinuation, 

concordance 

 

A sample of 13 evaluations representing the various modelling approaches present in 

the health economic literature was assessed. 

 

 

 

 

 

 

 



5.3. Methods of the database study 

 

5.3.1. Study design 

 

This was a retrospective, observational, database study conducted in the United 

Kingdom. The DIN-LINK primary care database contains longitudinal data for more 

than 800 000 currently registered patients in the United Kingdom drawn from a 

representative panel of 100 primary care practices. The DIN-LINK database contains 

details on all elements of a patient‟s medical history, such as diagnoses, test results, 

prescriptions, referrals, and hospitalizations, as entered by general practitioners (GPs).  

(Doctors‟ Independent Network (DIN-LINK) database, 2010) 

 

DIN-LINK was used to identify patients co-prescribed GPAs alongside nsNSAIDs, or 

prescribed nsNSAIDs alone, between September 2003 and August 2005. GPAs 

included in this analysis were PPIs (e.g., omeprazole, lansoprazole, pantoprazole, 

rabeprazole, esomeprazole) and H2RAs (e.g., cimetidine, ranitidine, nizatidine, 

famotidine). Misoprostol was excluded from the analysis, as it is rarely prescribed in 

the UK.  

 

Patients were stratified according to their risk factors for GI adverse events, which 

were identified from UK NICE guidelines. (NICE 2008) Risk factors included a 

clinical history of GI adverse events (gastroduodenal ulcer, GI bleeding, 

gastroduodenal perforation); concomitant use of aspirin (low dose 75mg/day); and 

presence of serious co-morbidity (cardiovascular disease, hypertension, renal or 

hepatic disease, or diabetes). Patients with serious co-morbidities were identified from 

relevant Read codes entered by a GP in the patient‟s clinical record. 

 

5.3.2. nsNSAID use and GPA co-prescription 

 

Data were collected on all patients prescribed nsNSAIDs and the co-prescription of 

GPAs for each month from September 2003 to August 2005. To describe nsNSAID 

and GPA use patterns, a rolling 3-month period was applied so that data represented 3 

months; however, the last month of the period was used as the ‟reference„ month.  

The percentage of days of nsNSAID treatment within a rolling 3-month period was 

calculated for each patient, as a proxy measure for short-term and continuous 
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nsNSAID use. Frequent nsNSAID users were defined as patients prescribed 

nsNSAIDs for more than 75% of the 3 month period. For example, if in August 2005 

a patient had had a prescription of nsNSAID for more than 75% of the days in June, 

July and August 2005, that patient was classified as a frequent nsNSAID user in 

August 2005.  

 

GPA co-prescription was used as a proxy for GPA use, which was calculated as the 

percentage of days with a GPA prescription within a rolling 3-month period of 

nsNSAID use:   

GPA use (%) = 
nsNSAIDonDays

GPAon Days
× 100 

 

Patients were stratified according to the following levels of GPA use: 100% (i.e., full 

gastroprotection), 80–99%, 60–79%, 40–59%, 20–39%, and 0–19%. For example, if 

in August 2005 a patient had had a prescription of nsNSAID for the 3 months of June, 

July, and August but had a GPA prescription only for July and August, that patient 

was classified as having a 67% GPA use for the 3-month period ending in August 

2005, i.e., the patient was allocated to the 60–79% GPA use subgroup. It is important 

to note that the prescription of gastroprotective treatments does not guarantee the 

ingestion of the treatment as prescribed, since not all prescriptions are redeemed and 

not all redeemed treatments are taken by patients. 

 

5.3.3. GPA use and GI-related hospitalization in high-risk patients 

 

Rates of GI-related hospitalizations were also examined. Events were counted at the 

end of each rolling 3-month period of the 2-year study.  Hospitalizations were 

identified from Read codes entered in the patient‟s clinical record, and were 

considered GI-related if they appeared as one or more of the following: digestive 

system diseases, digestive system symptoms, examination of digestive system, and/or 

Helicobacter pylori eradication therapy. All GI-related hospitalizations had to follow 

an nsNSAID prescription, thereby excluding any hospitalizations occurring before 

nsNSAID treatment had started (for example, attempts to eradicate H. pylori before 

nsNSAID use). It should be noted that secondary care reporting in patient records 
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does not necessarily distinguish between out-patient consultations and hospital 

admissions. For the purposes of this study, referrals and admissions were regarded as 

„hospitalizations„.  

 

To evaluate the effect of varying GPA use on the risk of hospitalization, rates and 

odds ratios (OR) of GI-related hospitalizations were calculated for the different 

subgroups (by GPA use level) of the total high GI–risk patient population, and for 

frequent nsNSAID users with GI risk. Between September 2003 and August 2005, 

rates and OR were calculated according to the level of GPA use within a rolling 3-

month period. A rolling period of nsNSAID and GPA use was expected to provide a 

more realistic assessment of the impact of varying levels of GPA use on the risk of 

GI-related hospitalizations than a cross-sectional review because of the time required 

for developing a GI event. On the assumption that GI events in nsNSAID users are 

typically the consequence of poor gastroprotection, GPA use within each 3-month 

period was related to GI events occurring during the last month of the analysis period.  
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6. Results 

 

 

6.1. Results of the adherence review  

 

Searching MEDLINE yielded 269 articles. Reviews of the titles and abstracts of the 

publications identified 53 potentially relevant articles. Review of the full manuscripts 

of these 53 articles and their reference lists yielded sixteen articles that met the 

selection criteria. Searching EMBASE, the Cochrane library, DARE, NHS EED and 

HTA did not reveal additional articles for inclusion. 

 

Study characteristics 

 

Of the sixteen studies included that reported adherence one reported both compliance 

and persistence. Additional three studies reported compliance. The majority of the 

studies assessed persistence which was often referred to as drug or treatment survival 

as synonyms and the methodology most often used was survival analysis. 

Measurement of compliance was based on medication possession ratios (MPRs). 

Medication possession ratio was the number of days when the patient was actually in 

possession of the medication based on prescription redemption and refill divided by 

the therapeutic days. Most studies were retrospective based on US or European 

databases. These databases were either claims or clinical databases. The database 

studies performed in Europe were mostly based on registries. The biologic DMARDs 

that the studies investigated were the TNF-alpha inhibitors (adalimumab (ADA), 

etanercept (ETA) and infliximab (INF)). No recently introduced TNF-alpha inhibitors 

(golimumab, certolizumab pegol) or other biologic DMARDs (abatacept, rituximab, 

tocilizumab) were identified. In one study anakinra (ANA) was included in the 

analysis. The sample sizes ranged between 304 and 14932. (Table 1) 

 

All sixteen included studies achieved an acceptable score upon assessment of the 

accuracy and completeness according to the STROBE statement. The scores ranged 

between 17 and 22. 
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Compliance with biologic DMARDs in RA 

 

Findings of the individual studies are reported in Table 1. Differences in compliance 

rates in the studies below were based on numerical trends and not on statistically 

significant differences except when stated. Borah et al. (2009) analysed both 

compliance (defined as adherence in their article) and persistence (defined as 

discontinuation) in a retrospective analysis of a database containing 3829 RA patients 

on either ADA (n=1292) or ETA (n=2537). The treatment period observed was one 

year. Patients were divided into existing users (use of biologics at study baseline) or 

naïve (no biologics use at baseline). Patients were defined as non-adherent (non-

compliant) if their MPR was lower than 80%. Medication possession ratios for naïve 

and existing users were somewhat lower with ADA than with ETA. ADA users were 

more likely to be nonadherent compared with ETA users as measured by the odds 

ratios. (Borah et al. 2009)  

 

Curkendall et al. (2008) analysed both compliance (as measured by MPR, applying 

follow up for 356 days) and persistence assessed through a survival analysis until 

therapy discontinuation in a retrospective analysis of a database for the period of 

2002-2004, containing 2285 RA patients on either ADA or ETA. The overall MPR 

was 0.52 (±0.31), however the main goal of the authors was to determine whether 

patients‟ out-of-pocket costs influenced adherence. Thus no individual compliance 

and persistence results were reported, only their contributions to multivariate models 

of adherence. (Curkendall et al. 2008)  

 

Grijalva et al. (2007) also investigated both compliance (defined as adherence and 

measured through MPR) and persistence in a retrospective analysis of twelve different 

treatment regimens including biologic and traditional DMARDs in mono- and 

combination therapy in a retrospective database of approximately 15000 RA patients 

(period 1995-2004). It was found that considering methotrexate (MTX, a widely used 

traditional DMARD) as a reference, compliance was higher for INF, ETA, and ADA 

monotherapy and lower for combined therapies with MTX: INF + MTX, ETA + MTX, 

and ADA + MTX. Of the traditional DMARDs, leflunomide had higher and 

sulfasalazine and hydroxychloroquine somewhat lower compliance rate than MTX. 
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Anakinra, the only other biologic DMARD evaluated but based on a small sample 

size also had a lower compliance rate, data not reported. (Grijalva et al. 2007)  

 

Harley et al. (2003) reported compliance for ETA, INF, and MTX as the number of 

therapy administrations or filled prescriptions divided by the expected number in a 

retrospective database analysis of RA patients (period 1998-2000). Compliance was 

defined as at least 80% of therapy administrations or filled prescriptions of the 

expected dosages and it was found that it was significantly lower for ETA and MTX 

than for INF. (Harley et al. 2003) 

 

Persistence with biologic DMARDs in RA 

 

Of the sixteen included studies, thirteen provided data on persistence with TNF-alpha 

inhibitors. Persistence was reported as either average or median time on drug or 

percentage of patients still on drug at a given timepoint (e.g. 12, 24, 36, etc. months 

after treatment initiation). Persistence decreased over time in all studies, ranging 

between 65 and 87% after 12 months to 41 and 56% at 48 months. Average treatment 

durations ranged from 291 to 316 days while median treatment durations were 

between 347 and 464 days. (Borah et al. 2009, Yazici et al. 2009) As for differential 

persistence between the three TNF-alpha inhibitors, the findings were inconclusive. 

As above with the compliance findings, the findings reflect numerical differences as 

statistically significant findings were scarce across all studies. (Table 1) Three articles 

concluded that persistence with INF was greater than with either ADA or ETA (Tang 

et al. 2008, Yazici et al. 2009, Gomez-Reino 2006), while five articles found the 

opposite (Du Pan et al. 2009, Brocq et al. 2008, Kristensen et al. 2006, Hetland et al. 

2010, Marchesoni et al. 2009) and four studies found no difference. (Geborek et al. 

2002, Flendrie et al. 2003, Duclos et al. 2006, Zink et al. 2005) In another study, 

while INF in monotherapy had greater persistence than the other two TNF-alpha 

inhibitors, it had lower persistence rates in combination with MTX. (Grijalva et al. 

20087) A further study reported data with INF and ETA but only the INF patient 

sample was sufficiently large. (Ostergaard et al. 2007) When comparing ETA and 

ADA, three articles concluded that persistence with ETA is greater than ADA 

(Grijalva et al. 2007, Borah et al. 2009, Marchesoni et al. 2009), one found the 

opposite (Du Pan et al. 2009) and five did not find a difference. (Tang et al. 2008, 
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Brocq et al. 2007, Hetland et al. 2010, Flendrie et al. 2003, Duclos et al. 2006) There 

was only one study that reported persistence in comparison with a traditional 

DMARD, MTX and another one reported results versus leflunomide (LEF). Whereas 

the absolute persistence rate with MTX was not reported, only 22% of patients 

remained on LEF 20 months after treatment initiation. (Grijalva et al. 2007, Geborek 

et al. 2002) There was also a trend in favour of a lower risk of discontinuation of 

TNF-alpha inhibitors in combination with MTX versus TNF-alpha inhibitors as 

monotherapy. (Du Pan et al. 2009, Kristensen et al. 2006, Zink et al. 2005) 

Concomitant MTX provided greater drug survival than other concomitant DMARDs. 

(Kristensen et al. 2006)  



Table 2: Compliance and persistence with biologic DMARDs in RA (Koncz et al. 2010) 

 

Reference Biologic 

DMARD / 

traditional 

DMARD 

Database / 

analysis type 

/ country 

Sample size 

biologic 

DMARDs 

/traditional 

DMARDs 

Compliance 

measurement 

Compliance 

results 

Persistence 

measurement 

Persistence results 

Hetland 

2010 

ADA, ETA, 

INF / - 

Registry / 

retrospective / 

Denmark 

2326 / - N/A N/A Kaplan-Meier 

estimates of 

the 

probability for 

drug survival 

At 48 months, the 

unadjusted drug 

adherence rates were 

as follows: for ADA, 

52% (95% CI 46-

57%); for ETA, 56% 

(95% CI 51-62%); 

for INF, 41% (95% 

CI 37-44%) (P < 

0.0001, by log rank 

test). 

Marchesoni 

2009 

ADA, ETA, 

INF / - 

Registry / 

retrospective / 

Italy 

1064 / - N/A N/A  Kaplan-Meier 

estimates of 

the 

probability for 

drug survival 

Risk of 

discontinuation with 

ETA about 37.5% 

by month 36, ADA 

46.4% and INF 

50.9% (P= 0.027). 

 

Yazici 

2009 

ETA, INF, 

ADA / - 

claims data / 

retrospective / 

US 

9074 / - N/A N/A Days of 

continuous 

therapy from 

the date of 

Persistence with INF 

was significantly 

greater than 

persistence with 
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Reference Biologic 

DMARD / 

traditional 

DMARD 

Database / 

analysis type 

/ country 

Sample size 

biologic 

DMARDs 

/traditional 

DMARDs 

Compliance 

measurement 

Compliance 

results 

Persistence 

measurement 

Persistence results 

first TNF 

claim. 

Considered 

persistent 

until end of 

eligible 

claims, until a 

30-day 

treatment gap 

after 

exhaustion of 

the previous 

prescribed 

supply, or 

until 

switching 

treatment 

ETA or ADA. 

In subanalysis of 

4260 patients, the 

median was 464 

days on INF, 347.5 

days on ETA, 365 

days on ADA; p < 

0.0001. 

Borah 2009 ADA, ETA / 

- 

claims data / 

retrospective /  

US 

3829 / - nonadherent: 

medication 

possession 

ratio < 80% 

ADA: 63% 

(naïve), 70% 

(existing 

users) ETA: 

65% (naïve), 

73% (existing 

users), ETA 

average 

treatment 

duration 

ADA: 291 days, 

ETA:316 days;  

ADA users more 

likely to discontinue 

HR=1.11 p=0.06 
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Reference Biologic 

DMARD / 

traditional 

DMARD 

Database / 

analysis type 

/ country 

Sample size 

biologic 

DMARDs 

/traditional 

DMARDs 

Compliance 

measurement 

Compliance 

results 

Persistence 

measurement 

Persistence results 

users had 

better 

adherence 

than ADA 

users 

(OR=1.24 and 

1.25 

Du Pan 

2009 

ADA, ETA, 

INF / - 

clinical 

follow-up / 

prospective / 

Switzerland  

2364 / - N/A N/A drug survival 

at 1 and 2 

years 

After 1 (2) year(s), 

78% (58%) were 

still receiving INF, 

82% (65%) ETA, 

and 84% (66%) 

ADA. There was a 

trend in favour of a 

lower risk of 

discontinuation of 

anti-TNF agents in 

combination with 

MTX (HR=0.85, 

95% CI 0.70-1.02)  

Tang 2008 ADA, ETA, 

INF / - 

claims data / 

retrospective / 

US 

1242 / - N/A N/A number of 

days between 

the first and 

last anti-TNF 

INF  78% 

ETA  72.8% 

ADA  70.8% 

P<0.005) at 1 year 
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Reference Biologic 

DMARD / 

traditional 

DMARD 

Database / 

analysis type 

/ country 

Sample size 

biologic 

DMARDs 

/traditional 

DMARDs 

Compliance 

measurement 

Compliance 

results 

Persistence 

measurement 

Persistence results 

treatment and 

reported as a 

percentage of 

the 1-year 

period after 

treatment 

initiation 

Curkendall 

2008 

ETA, ADA / 

- 

claims data / 

retrospective / 

US 

2285 / - medication 

possession 

ratio 

reported only 

as factor in 

regression 

analysis, 

however, 

overall MPR 

available as 

0.52 (±0.31) 

survival 

analysis of 

therapy 

discontinuatio

n during 

follow-up 

reported only as 

factor in regression 

analysis, no 

individual data 

available 

Grijalva 

2007 

12 regimens 

including 

biologic and 

traditional 

DMARDs in 

mono- and 

combination 

therapy 

claims data / 

retrospective /  

US 

14932 / - medication 

possession 

ratio 

MTX: 80% 

INF: 90%, 

ETA: 83%, 

ADA: 85% 

MTX + INF: 

66%, MTX + 

ETA: 64%, 

MTX + ADA: 

72% 

drug survival 

analysis, HR 

for 

discontinuatio

n, compared 

to MTX  

Median persistence 

MTX: 150 days 

Adjusted hazard 

ratio for 

discontinuation, 

reference MTX 

(HR>1, more likely 

to be discontinued 

than MTX): 
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Reference Biologic 

DMARD / 

traditional 

DMARD 

Database / 

analysis type 

/ country 

Sample size 

biologic 

DMARDs 

/traditional 

DMARDs 

Compliance 

measurement 

Compliance 

results 

Persistence 

measurement 

Persistence results 

INF: 1.37,  

ETA: 0.82,  

ADA: 0.86,  

MTX + INF: 0.91, 

MTX + ETA: 1.01, 

MTX + ADA: 0.63 

Brocq 2007 ETA, ADA. 

INF / - 

chart review /  

retrospective / 

France 

304 / - N/A N/A continuation 

rates at 12 and 

24 months 

ETA n=157; 87% 

after 12 months and 

68% after 24 

months, ADA n=43, 

83% and 66%, 

significantly lower 

with INF n=104, 

68% and 46%; 

P<0.01  

Ostergaard 

2007 

INF, ETA / - clinical 

follow-up / 

Prospective / 

Denmark 

418 / - N/A N/A median drug 

survival time 

INF 197 weeks 

N=379 

ETA persistence 

results N/A (n=39) 

Kristensen 

2006 

INF, ETA in 

combination 

with MTX or 

other 

traditional 

clinical 

follow-up / 

Prospective / 

Sweden 

1161 / - N/A N/A 5 and 1 year 

treatment 

continuation 

5-year (one-year) of 

persistence was 36% 

(69%) for MTX + 

INF compared with 

65% (89%) for ETA 



 48 

Reference Biologic 

DMARD / 

traditional 

DMARD 

Database / 

analysis type 

/ country 

Sample size 

biologic 

DMARDs 

/traditional 

DMARDs 

Compliance 

measurement 

Compliance 

results 

Persistence 

measurement 

Persistence results 

DMARDs / - + MTX (p < 0.001). 

Risk for premature 

treatment 

termination for INF 

was threefold higher 

than for ETA (p < 

0.001). Combination 

with MTX had better 

treatment 

continuation than 

TNF-alpha 

monotherapy (p < 

0.001). Concomitant 

MTX had superior 

drug survival than 

other concomitant 

DMARDs (p < 

0.010).  

Duclos 

2006 

INF, ETA, 

ADA / - 

chart review /  

Retrospective 

/ France 

770* / - N/A N/A 1, 2, 3 year 

treatment 

continuation 

The percentage of 

patients receiving 

the same treatment 

at month 12, 24, 

and 36 was 64.0%, 

50.3%, and 39.4%, 
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Reference Biologic 

DMARD / 

traditional 

DMARD 

Database / 

analysis type 

/ country 

Sample size 

biologic 

DMARDs 

/traditional 

DMARDs 

Compliance 

measurement 

Compliance 

results 

Persistence 

measurement 

Persistence results 

respectively. No 

difference between 

the 3 TNF 

blockers was found 

(p = 0.48).  

Gomez-

Reino 2006 

INF, ETA, 

ADA / - 

Clinical 

follow-up / 

retrospective 

analysis / 

Spain 

488** / -   1 and 2 year 

treatment 

continuation 

Survival of the 

second TNF 

antagonist decreased 

to 

0.68 and 0.60 at 1 

and 2 years, 

respectively. 

Survival was greater 

in patients treated 

with INF (HR 3.22 

(95% CI 2.13-4.87)).  

Zink 2003 ETA, INF, 

ANA / 

Traditional 

DMARDs 

Clinical 

follow up / 

retrospective / 

Germany  

924 / 599 N/A N/A Treatment 

continuation 

at 12 months 

Drug continuation 

rates for ETA (69%
 

(95% CI, 62% to 

75%)) and INF (65% 

(58% to 73%)) were 

similar for
 
the first 

12 months of 

observation 
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Reference Biologic 

DMARD / 

traditional 

DMARD 

Database / 

analysis type 

/ country 

Sample size 

biologic 

DMARDs 

/traditional 

DMARDs 

Compliance 

measurement 

Compliance 

results 

Persistence 

measurement 

Persistence results 

Treatment 

continuation was 

more likely for 

patients
 
on 

combinations of 

biological agents 

and DMARDs than 

for those
 
on INF or 

ETA alone 

Flendrie 

2003 

ADA, ETA, 

INF / - 

Registry / 

retrospective / 

The 

Netherlands 

230 / - N/A N/A Drug survival 

analysis 

No differences in 

drug survival 

between the three 

TNF blocking agents 

were found 

Harley 

2003 

INF, ETA / 

MTX 

claims data / 

retrospective / 

US 

994 / 2662 number of 

therapy 

administration

s or filled 

prescriptions 

divided by the 

expected 

number 

Compliance 

with at least 

80% of the 

expected 

dosages was 

significantly 

lower for 

ETA (OR 

0.462; 95% 

CI 0.290-

N/A N/A 
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Reference Biologic 

DMARD / 

traditional 

DMARD 

Database / 

analysis type 

/ country 

Sample size 

biologic 

DMARDs 

/traditional 

DMARDs 

Compliance 

measurement 

Compliance 

results 

Persistence 

measurement 

Persistence results 

0.736) and 

MTX (OR 

0.385; 95% 

CI 

0.245-0.604) 

than for INF 

Geborek 

2002 

ETA, INF / 

LEF 

Clinical 

follow up / 

retrospective / 

Sweden 

299 /109  N/A N/A Drug survival 

analysis 

79% (ETA) and 75% 

(INF) patients 

continued at 20 

months compared 

with 22% of LEF 

patients  



6.2. Results of the pharmacoeconomic review 

 

Pharmacoeconomic evaluations considered were that of pharmacological treatments 

for chronic use, ranging from anti-psychotic medications to anti-tuberculotic drugs. 

Thirteen articles were selected for inclusion. The articles were generally weak on 

detail relating to how compliance / persistence were assessed and what the impact was 

on health outcomes. The methods used included Markov models, discrete event 

simulation and decision analyses.  

 

A summary of the reviewed evaluations, details of the type of non-adherence, and the 

impact of non-adherence on the costs, effectiveness and incremental cost-

effectiveness ratio (ICER) is presented in Table 3. 

 

An explicit definition of adherence (compliance or persistence) was not given in all 

studies. However, the measure of compliance or persistence was provided in most 

cases; therefore, an implicit definition was possible to be obtained. The data sources 

for compliance or persistence rates were based on relevant studies, randomized 

controlled studies or observational data. The reliability of the methods showed great 

variance. Kominski et al. based the adherence on participants‟ attendance of the clinic 

at end of the 6-month course to report completion of the treatment, a very unreliable 

proxy to assess adherence over 6 months. (Kominski et al. 2007) Edwards et al. based 

their analyses on electronic measurement of medication bottle openings, an objective 

method. In some cases, patients were considered adherent above an arbitrary cut-off 

point, and non-adherent below. This cut-off point ranged between 50% and 93% 

without evidence justifying the clinical relevance of the chosen value among the 

articles reviewed. (Edwards et al. 2005, Suarez et al. 2002) The use of arbitrary cut-

off points to dichotomise adherence (adherent versus non-adherent) is widespread in 

the literature without underlying supportive clinical data.
 

 

The most important assumptions of these studies are those relating non-compliance or 

non-persistence to the effectiveness and the costs of treatment. A few studies had 

some supporting evidence for the link between non-adherence and effectiveness, but 

others relied on simple assumptions, e.g. non-adherent patients incurred no health 

benefits. (Haby et al. 2004, Donnelly et al. 2004, Suarez et al. 2002, Jasmer et al. 
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2000)  The impact of non-adherence on costs, if accounted for at all, was derived 

indirectly from the assumed changes in effectiveness. 

 

A variety of decision-analytic, Markov, discrete event simulation, and other modelling 

techniques were used in the evaluations (Table 3). 

 

In the cases of decision-analysis models, the branches of the decision trees 

represented different levels of compliance, and probabilities were assigned 

accordingly. (Edwards et al. 2005, Hemels et al. 2004, Haby et al. 2004, Donnelly et 

al. 2004, Suarez et al. 2002)  In the cost-effectiveness analysis of various anti-

psychotic drugs, Edwards et al. specified three branches in the decision tree: 

compliant, partially compliant, and non-compliant. (Edwards et al. 2005) Patients had 

different levels of compliance with the evaluated drugs, based on evidence from the 

literature. Relapse rates in schizophrenia were a function of patient compliance and 

drug efficacy. 

 

In Markov models, dropping out was one of the possible health states, and the 

transition probabilities were determined by the discontinuation rates based on a 

combination of RCT and observed data. (Hughes et al. 2001b, Jasmer et al. 2000)  

Jasmer et al. applied different rates of completion to different durations of isoniazid or 

isoniazid plus rifampin therapies in patients with radiographic evidence of previous 

tuberculosis, and positive tuberculin test who had no prior treatment.  The reduction in 

the annual risk of tuberculosis varied according to how long patients continued with 

their respective therapies. 

 

In the pharmacoeconomic evaluation of drugs for the management of urge 

incontinence associated with overactive bladder, Hughes et al. built an empirical 

model that combined observational data on the proportion of patients who remained 

on their initially prescribed therapy with trial data on drug efficacy. In the base case 

analysis, patients who discontinued due to adverse effect adopted baseline disease 

characteristics and those who discontinued as a result of experiencing some early 

health benefit adopted placebo characteristics. (Hughes and Dubois 2004) 

 



 

Table 3: Summary of the pharmacoeconomic analyses identified in the literature review that incorporated measures of adherence 
 

Reference/ 

Disease/ 

Interventions 

examined 

Model design 

and how 

adherence is 

captured 

Measure of 

adherence: 

compliance / 

persistence 

Values of 

compliance / 

persistence 

Assumption of 

effectiveness 

and costs with 

non-adherence 

Effects / Costs ICER Sensitivity 

analysis with 

regards to rates 

of adherence 

Treur et al. 2009
 

 

Schizophrenia 

 

Branded 

risperidone 

compared with 

generic 

substitution 

Discrete event 

simulation model 

 

Compliance as 

dichotomous 

variable. 

Probability of 

non-compliance 

varied. 

 

 

Measurement not 

defined. 

Incremental 

probability of non-

compliance after 

generic substitution 

varied between 

2.5% and 10% 

Benefits of 

staying on 

branded 

risperidone: 

improved 

symptom control, 

fewer 

hospitalizations. 

Generic 

medication costs 

assumed to be 

40% lower 

Effects 

incremental 

effects of branded 

risperidone 0.004, 

0.007, 0.011 and 

0.015 QALYs, 

incremental costs 

EUR757, 

EUR343, -

EUR123 and -

EUR554 

respectively  

 

Costs 

With incremental 

probability of 

non-compliance 

after generic 

substitution 2.5%, 

5.0%, 7.5% and 

10% respectively, 

With 5.2% 

incremental 

probability of 

non-compliance, 

branded 

risperidone is 

cost-effective at 

EUR30000 per 

QALY gained. 

From probability 

of more than 6.9% 

branded 

risperidone 

dominates. 

Included in base 

analysis, i.e. 

incremental 

probability of 

non-compliance 

varied between 

2.5% and 10% 

Kominski et al. 

2007
 

 

Markov model 

 

Compliance with 

Confirmation by a 

health care 

provider that 

IPT completion 

rates 75.9%, 

75.4%, 73.9%, 

Costs directly 

measured for 

intervention 

Effects  

QALYs measured 

directly in RCT  

Peer 

counselling/contin

gency contracting 

All one–way 

sensitivity 

analyses 
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Tuberculosis 

 

Usual care, peer 

counselling, 

contingency 

contracting, and 

combined peer 

counselling/contin

gency contracting 

 

 

 

 

 

isoniazid 

preventive therapy 

(IPT) is primary 

dependent 

variable 

 

 

 

 

 

 

 

 

participant had 

completed the 6-

month course of 

treatment – 

participant 

attended clinic at 

end of the 6-

month course to 

report completion 

of the treatment.  

 

 

 

83.8% respectively 

for usual care, peer 

counselling, 

contingency 

contracting, and 

combined peer 

counselling/conting

ency contracting as 

measured in RCT 

 

 

 

 

cohorts in RCT 

 

 

 

 

 

 

 

 

 

 

 

 

 

Costs  

combined peer 

counsellor/conting

ency contracting 

$341, contingency 

contracting $326, 

peer counsellor 

$277, usual care 

$199. 

 

 

 

versus usual care 

$209 per QALY 

 

 

 

 

 

 

 

 

 

 

 

confirmed ICER. 

 

 

 

 

 

 

 

 

 

 

 

 

Earnshaw et al. 

2007 

Postmenopausal 

osteoporosis  

 

Monthly 

bisphosphonate 

dosing compared 

to weekly dosing  

 

Markov model 

 

Persistence rates 

were derived 

primarily from a 

published clinical 

trial. Persistence 

was extrapolated 

to a maximum of 

5 years. Following 

discontinuation, 

treatment benefit 

declined linearly 

and proportionally 

to the duration of 

active treatment. 

Persistence – 

treatment 

discontinuation 

50% greater 

persistence with a 

monthly versus a 

weekly therapy 

assumed based on 

RCT 

Following 

discontinuation, 

treatment benefit 

declines linearly 

and 

proportionally to 

the duration of 

active treatment 

Effects 

more fractures 

avoided with 

monthly 

bisphosphonate 

(58.1 per 1000 

treated women) 

than with weekly 

bisphosphonates 

(33.8 per 1000 

treated women) 

Costs 

resulting in lower 

fracture care costs 

per woman 

($7317 and 

$7548, 

respectively) 

$9476 per QALY N/A 
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Edwards et al. 

2005 

 

Schizophrenia 

 

Risperidone long-

acting injection 

(LAI); 

oral risperidone; 

oral olanzapine; 

haloperidol 

decanoate LAI 

Decision analysis 

model 

 

Decision tree with 

branches 

representing 

different rates of 

compliance 

Compliance: 

mean number of 

medication bottle 

openings not 

exceeding the 

number of doses 

prescribed for the 

day divided by the 

prescribed daily 

doses  

Compliant (>50%): 

risperidone LAI; 

oral risperidone; 

oral olanzapine; 

haloperidol 

decanoate LAI, 

respectively: 

59.2%, 20%, 20%, 

13,4% 

Partially compliant 

(stopped taking 

medication for < 1 

week): 

respectively: 

36.2%, 70.9%, 

70.9%, 73%; 

Non-compliant 

(stopped 

medication for > 1 

week) 

Relapse rates are 

a function of 

patient 

compliance and 

drug efficacy 

Effects 

risperidone LAI 

more effective for 

each outcome 

measure 

 

Costs 

risperidone LAI 

associated with 

USD397, 

USD1742, 

USD8000 savings 

vs. oral 

risperidone, oral 

olanzapine and 

haloperidol 

decanoate LAI, 

respectively 

risperidone LAI 

dominates all 

comparators 

No sensitivity 

analysis applied to 

compliance 

Hughes 

andDubois 2004
 

 

Urge urinary 

incontinence 

associated with 

overactive bladder 

 

oxybutinin 

extended release 

(Oxy-XL); 

tolterodine 

Empirical models 

of efficacy and 

persistence to 

extrapolate drug 

effect to 1 year 

Persistence: 

Proportion of 

patients who 

remained on their 

initially 

prescribed drug 

Biexponential 

model with lagged 

time that fitted 

observed data best 

In base-case 

scenario, 

treatment fails in 

patients who 

discontinue as a 

result of adverse 

effects. These are 

assumed to adopt 

baseline-disease 

characteristics. 

Those who 

discontinue as a 

Effects 

For Oxy-IR, Oxy-

XL, Tol-IR, Tol-

ER, annual 

number of 

incontinent free 

weeks: 

7.5, 11.1, 9.6, 

10.9, respectively 

 

Costs 

Total annual cost: 

Cost per 

incontinent free 

week UK£5.26 for 

Oxy-IR (vs. 

placebo); 

£7.14 for Tol-ER 

(ICER vs. Oxy-

IR); and 

UK£84.82 for 

Oxy-XL (ICER 

vs. Tol-ER); Tol-

IR was dominated 

Alternative 

scenarios: 

All patients who 

discontinued 

adopted baseline-

disease 

characteristics; 

All patients who 

discontinued 

adopted placebo 

characteristics; 

All patients 
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extended- release 

Tol-ER); 

tolterodine 

immediate- 

release (Tol-IR); 

oxybutinin 

immediate-release 

(Oxy-IR) 

consequence of 

experiencing 

some health 

benefits are 

assumed to adopt 

placebo 

characteristics 

UK£39.61, 

UK£78.77, 

UK£74.21, 

UK£63.91, 

respectively for 

Oxy-IR, Oxy-XL, 

Tol-IR, Tol-ER 

continued with 

therapy. 

Oxy-IR remains 

cost-effective and 

Tol-IR dominated 

in all scenarios  

O‟Brien et al. 

2001
 

 

Urge incontinence 

related with 

overactive bladder  

 

Generic 

oxybutinin with 

switch to 

tolterodine for 

patients who 

discontinue; 

Generic 

oxybutinin with 

no further 

treatment for 

patients who 

discontinue 

Markov model       

with drop-out as 

one of the health 

states; transition 

probability is 

determined by 

discontinuation 

rate 

Discontinuation 

rate from RCT 

adjusted by 

observational data 

Adjusted 

discontinuation rate 

for oxybutinin, and 

tolterodine, 

respectively: 

47.8%, and 14.96% 

Not stated for 

effects. 

Cost of physician 

visit for change 

of therapy 

incurred when 

drug is 

discontinued 

Effects 

For those 

discontinuing 

oxybutinin, the 

use of tolterodine 

is associated with 

6 months per year 

in a normal / mild 

disease state 

compared with 3 

months for those 

who do not 

receive further 

therapy 

 

Costs 

Toterodine results 

in an annual 

additional cost of 

Can$163 per 

patient 

Incremental cost 

per QALY was 

Can $9982 

Discontinuation 

rates were not 

varied in 

sensitivity 

analysis 

Chisholm 2005
 

 

Idiopathic 

State-transition 

population model 

 

Adherence: 

Not stated 

70% in base case; 

60% and 80% in 

sensitivity analysis 

Disability and 

remission 

improvements 

Effects 

No difference was 

found between 

Average cost-

effectiveness 

ratios: PB or PHT 

Compliance was 

varied in multi-

way extreme case 
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epilepsy and 

epileptic 

syndromes 

 

phenobarbitone 

(PB); 

phenytoin (PHT), 

carbamazepine 

(CBZ), 

valproic acid 

(VPA) 

Movement 

between states 

determined by a 

set of 

epidemiologic 

transition 

probabilities. 

Compliance is one 

element in 

deriving transition 

rates 

(efficacy) were 

adjusted by 

treatment 

coverage level, 

treatment 

response and 

compliance rate 

different drugs 

with respect to 

efficacy or 

effectiveness 

 

Costs 

Order reflecting 

drug acquisition 

costs 

(I$800-2000 

International 

dollars) per 

DALY averted; 

CBZ or VPA 

I$1100-3000 

analyses. In best 

case scenario, 

total costs were 

15-30% lower and 

effects 43% 

greater; in worst 

case scenario 

costs were up 20-

35% and effects 

lower 36%  

Hemels et al. 2004
 

 

Severe depression 

 

escitalopram, 

citalopram 

Decision analysis 

model 

 

Treatment 

discontinuation at 

8-weeks and 

compliance at 

later stage form 

branches of 

decision tree; 

probabilities 

determined by 

rates of 

compliance 

Discontinuation of 

treatment at 8-

weeks; switch to 

new treatment; 

premature 

discontinuation 

(before 6-months) 

Discontinuation 

rate at 8-weeks: 

0.117 and 0.137 for 

escitalopram and 

citalopram, 

respectively. 

Compliance with 

both regimens: 

0.634. 

Compliance with 

switched treatment: 

0.697 in both cases 

Spontaneous 

remission rate of 

20% for those 

who discontinued 

or switched at 8-

weeks; for 

premature 

discontinuation, 

remission rate 

was 52%. 

Costs associated 

with treatment 

discontinuation 

included adverse 

events, use of 

other anti-

depressants, 

additional GP 

and psychiatrist 

visits, 

hospitalization 

Effects 

Clinical remission 

rate 53.7% and 

48.7%, for 

escitalopram and 

citalopram, 

respectively 

 

Costs 

Total cost of 

treatments per 

successfully 

treated severely 

depressed patient 

was Euro5610 and 

Euro6979, for 

escitalopram and 

citalopram, 

respectively 

Escitalopram 

dominates 

citalopram 

Escitalopram 

remained the 

dominant strategy 

by varying the 

discontinuation 

rate at 8-weeks 

between 0.057 

and 0.197 
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Haby et al. 2004 

 

Major depressive 

disorder in 

children and 

adolescents 

 

Cognitive 

behavioural 

therapy (CBT), 

Selective 

serotonin reuptake 

inhibitors (SSRIs) 

compared with 

„current practice‟ 

Decision analysis 

model 

 

Compliance with 

intervention forms 

branches of 

decision tree 

Compliance:  

Completion rates 

from RCTs 

68% for CBT (50-

85% in sensitivity 

analysis); 

63% for SSRIs (50-

76% in sensitivity 

analysis) 

For cases not 

compliant with 

treatment there 

was no 

improvement is 

disability but 

costs of 

treatment were 

still incurred 

Effects 

360 and 230 

DALYs averted 

vs. current 

practice for CBT 

and SSRIs 

respectively 

 

Costs 

AUS$5.8 million 

for CBT; 

AUS$7.8 million 

for SSRIs vs. 

current practice 

AUS$9000 per 

DALY averted for 

CBT; 

AUS$23,000 per 

DALY averted for 

SSRIs 

Probabilistic 

sensitivity 

analysis, but 

effect of varying 

compliance rate is 

not presented. 

However, 

compliance is 

acknowledged to 

contribute to 

uncertainty 

Donnelly et al. 

2004
 

 

Childhood 

attention deficit 

hyperactivity 

disorder 

 

dexamphetamine 

(DEX), 

methylphenidate 

(MPH) 

compared with 

„current practice‟ 

Decision analysis 

model 

 

Compliance with 

intervention forms 

branches of 

decision tree 

Percentage of 

patients 

complying with  

intervention. 

Adherence: taking 

the medication for 

5 or more days per 

week throughout 

the follow-up 

period, with the 

exception of „drug 

holidays‟ totalling 

no more than 14 

weeks 

Minimum 56% 

Maximum 81% 

Non-compliant  

patients incur 

costs (equal to 

those receiving 

current practice) 

and no health 

benefits 

Effects 

435 DALYs for 

DEX,  

480 DALYs for 

MPH 

 

Costs 

Total costs: 

AUS$1.7 million 

for CBT, 

AUS$7 million 

for MPH 

AUS$4100 per 

DALY averted for 

DEX, 

AUS$15000 per 

DALY averted for 

MPH 

Probabilistic 

sensitivity 

analysis, but 

effect of varying 

compliance rate is 

not presented 

Suarez et al. 2002 

 

Patients with 

Prospective 

follow-up 

Default with 

treatment 

regimen: 

7% default rate 

assumed for all 

regimens except 

No cure for 

defaulters; 

costs were 

Not reported Cost per DALY 

gained US$270, 

493 and 672, 

Results are only 

presented for 

those who 
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chronic 

tuberculosis 

 

kanamycin, (first 

3 months); 

ciprofloxacin; 

ethionamide; 

pyrazinamide; 

ethambutol; 

variations of 

second-line drug 

therapy vs. 

isoniazid 

Patients who did 

not attend to take 

their drugs for one 

or more months 

after registration 

for patients treated 

with individualised 

regimen after non-

response to the 

standardised 

second-line drug 

regimen, where 

12% default rate 

was assumed 

incurred in 

defaulters 

respectively for 

the 3 progammes 

completed the 

treatment 

Jasmer et al. 2000 

 

Patients with 

radiographic 

evidence of 

previous TB and 

positive tuberculin 

test who had no 

prior treatment 

 

Isoniazid 12-

months; 

Isoniazid and 

rifampin 4-

months; 

No treatment 

Markov model 

with 1000 

hypothetical 

patients aged 52 

to 99 

Completion of 

therapy: 

Complete if 

patients returned 

for all clinic visits 

and were deemed 

to have been 

compliant with 

therapy. Standard 

protocol was used 

to question 

patients regarding 

medication 

ingestion 

Isoniazid: 

Completion of 12-

months 79.8%; 

6-11 months 3.4%; 

< 6 months 16.7% 

Isoniazid and 

rifampin: 

Completion of 4-

months treatment 

83.6%; 

2-3 months 

treatment 7.1%; 

< 2 months 9.2% 

Isoniazid: 

12-months 

reduced the 

annual risk of TB 

by 89%; 

6-11 months by 

67%; 

< 6 months no 

benefits; 

Isoniazid and 

rifampin: 

4 months, 89% 

reduction; 

2-3 months of 

treatment 67%; 

<2 months, no 

benefits 

Effects 

Both regimens 

increased life 

expectancy by 

1.4-1.5 years 

 

Costs 

$539 and $405 per 

patient for 

isoniazid and 

isoniazid plus 

rifampin, 

respectively 

Isoniazid and 

rifampin produced 

net incremental 

savings of $135 

per patient treated 

over the isoniazid 

strategy 

Completion rates 

were not varied 

Cobos et al. 1999
 

 

Stochastic 

simulation model 

A Bernoulli 

random variable 

Probability of 

discontinuation 

Lack of 

compliance was 

Effects 

Highest success 

Fluvastatin most 

cost-effective 

Compared with 

the more 
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Simulated cohort 

of 10,000 

hypercholesterol-

aemic patients 

 

fluvastatin; 

lovastatin; 

pravastatin; 

simvastatin 

 

Probability of 

treatment 

discontinuation 

was taken into 

account 

indicating 

probability of 

discontinuation 

was added to the 

model to simulate 

the effect of 

therapy 

was 60% in first 

year of treatment, 

distributed as 25% 

in first month, 50% 

within first 3 

months and 25% to 

the end of the year 

classified as 

therapeutic 

failure, LDL-C 

values were set 

back to baseline 

levels 

rate with 

simvastatin, 

followed by 

pravastatin, 

fluvastatin, and 

lovastatin. LDL-C 

reduced by 

between 36% and 

40% 

 

Costs 

Fluvastatin was 

least expensive 

efficacious 

alternative, 

differences in 

efficacy, never 

exceeded 4% for 

drop-out rate 

scenarios 40% and 

60%, or 6% with 

full persistence. 

Fluvastatin was 

most cost-

effective strategy 

in 30 scenarios; 

lovastatin was 

most cost-

effective in 2 

(with 0% drop-out 

rate) 

 



 

6.3. Results of the database analysis 

 

6.3.1. nsNSAID use and GPA co-prescription 

 

For every month of the 2-year analysis, a similar number of patients (approximately 

26 000) who were prescribed nsNSAIDs were identified. The percentage of GPA co-

prescription was also very similar in each month. Therefore, only data for 1 month 

(August 2005) are presented as a general representation of nsNSAID and GPA use.  

 

Of the 26 371 patients prescribed nsNSAIDs in August 2005, more than 9000 patients 

were aged ≥ 65 years and 57% were women. More than one half were considered 

frequent nsNSAID users, i.e., prescribed nsNSAIDs for more than 75% of the analysis 

period (Table 4).   

 

Table 4: nsNSAID prescription summary and patient risk factors: total population 

and frequent users, August 2005 (Koncz et al. 2008) 

Total population: Prescribed nsNSAIDs during August 2005 
All patients 

n (%) 

Age <65 

% 

Age ≥65 

% 

All patients 

 GI history 

 Concomitant use of aspirin 

 Serious co-morbidity (cardiovascular disease, renal/hepatic 

impairment, diabetes, hypertension) 

26 371 

744 (2.8) 

3506 (13.3) 

19 746 (74.9) 

17 349 (65.8) 

2.1 

6.2 

68.0 

9 020 (34.2) 

4.3 

27.0 

88.1 

Frequent nsNSAIDs users (prescribed for > 75% of 3-month period) All patients 

n (%) 

Age <65 

% 

Age ≥65 

% 

All patients 

 GI history 

 Concomitant use of aspirin 

 Serious co-morbidity (cardiovascular disease, renal/hepatic 

impairment, diabetes, hypertension) 

14 616 (55.4) 

426 (2.9) 

2 100 (14.4) 

11 092 (75.9) 

9 348 (64.0) 

2.1 

6.7 

68.7 

5 266 (36.0) 

4.3 

28.0 

88.6 

 

 

Regarding GPA prescription, 74% of all patients and 71% of frequent nsNSAID users 

were co-prescribed few or no GPAs (0–19% co-prescription) during their nsNSAID 

therapy, while only 18% of all patients and 20% of frequent users were co-prescribed 

GPAs throughout the month (100% gastroprotection). Approximately 1–2% of the 
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remaining total patient population and frequent nsNSAID users were co-prescribed 

GPAs for 20–79% of the nsNSAID treatment duration, and 4% (5% of frequent users) 

were co-prescribed GPAs for 80–99% of the treatment period (Figure 3).    

 

Figure 3: Co-prescription of GPAs: total population and frequent nsNSAID users 

(Koncz et al 2008) 

 

 

 

Of the total patients prescribed nsNSAIDs, 76% were identified as having at least one 

of the GI risk factors of previous GI adverse event, concomitant aspirin use or serious 

co-morbidity; of patients aged 65 years or more, 89% had an additional GI risk factor. 

While only 3% of patients had a history of GI adverse events, and only 13% were 

receiving concomitant aspirin, three quarters of patients had at least one serious co-

morbidity and 34% were aged 65 years or more. The overall population and the 

frequent nsNSAID user population were comparable with respect to the distribution of 

risk factors (Table 4).  

 

Of the total patients with prior GI events, concomitant aspirin use, or with serious co-

morbidities, 44%, 56%, and 70%, respectively, received little or no gastroprotection 

(0–19% co-prescription) during their nsNSAID therapy. Full gastroprotection was 

provided to only 38% of patients with a GI history, 29% of concomitant aspirin users, 

and 20% of patients with serious co-morbidities (Figure 4).  
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Figure 4: GPA co-prescription levels in (A) total high-risk patients (B) frequent 

nsNAID users (Koncz et al 2008) 

 

 

 

 

Similar levels of GPA co-prescriptions were recorded for high-risk and frequent 

nsNSAID users (Figure 4). Between one third and two thirds of these nsNSAID users 

were prescribed little or no gastroprotection (39% of patients with prior GI history; 

54% of concomitant aspirin users; 67% of patients with serious co-morbidities). Full 

gastroprotection was provided to only 39% of frequent nsNSAID users with a GI 

history, 30% of concomitant aspirin users, and 22% of frequent users with serious co-

morbidities (Figure 4). 
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6.3.2. GPA use and GI-related hospitalization in high GI–risk patients 

 

Similar numbers of high GI–risk patients (as defined by their GI history) were 

identified for each month of the analysis period between September 2003 and August 

2005, ranging from 572 to 751. As with the nsNSAID prescription data, data from one 

month (August 2005) are presented as a general representation of GI-related 

hospitalizations in high-risk patients.  

  

A total of 744 patients with a GI history were identified in August 2005, of which 429 

(58%) were considered frequent nsNSAID users. Lower levels of GPA use were 

associated with an increased rate of GI-related hospitalization. Overall, the rate of 

hospitalizations for the total patients with a GI history during the analysis period was 

2.4% with 100% GPA use, rising to 8.0% with less frequent (20–39%) GPA use. For 

frequent nsNSAID users with a GI history, hospitalization rates increased from 2.6% 

with 100% GPA use to between 7.2% and 7.8% with low to moderate GPA use (20–

39% and 40–59% co-prescription, respectively) (Figure 5; Table 5).  

 

Compared with patients with 100% GPA use, the OR for hospitalization also 

increased statistically significantly in cohorts with decreasing levels of GPA use. For 

the total patient population with GI history, high but not full levels of GPA use (80–

99% use) were associated with 1.57-fold higher odds of a GI-related hospitalization 

compared with patients having 100% GPA use (OR 1.57), whereas the odds of a GI-

related hospitalization were up to 3.5-times higher for nsNSAID users with levels of 

20–39% GPA use (OR 3.52). The odds increased only moderately in patients with 0–

19% GPA use (OR 1.47) (Figure 5A, Table 5).  
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Figure 5: Rate and OR of GI-related hospitalizations in (A) total patients with GI 

history and (B) frequent nsNSAID users with GI history (Koncz et al. 2008) 

 

 

 

 

 

 

For frequent nsNSAID users with a GI history, 20–59% GPA use levels resulted in 

around a 3-fold increase in the risk of a GI-related hospitalization (20–39% GPA use, 

OR 2.86; 40–59% GPA use, OR 3.11). Again, the odds increased only moderately in 

frequent nsNSAID users with GI history with little or no gastroprotection (0–19% 

GPA use, OR 1.39) (Figure 5B; Table 5).  
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Table 5: Rates and OR (95% confidence intervals [CI]) of GI-related hospitalizations 

(all high-risk patients and frequent nsNSAID users) (Koncz et al. 2008) 

 

Level of GPA  

co-prescription 

All high-risk patients Frequent nsNSAID users 

Rate (%) OR (95% CI) Rate (%) OR (95% CI) 

100% 

80–99% 

60–79% 

40–59% 

20–39% 

0–19% 

2.39 

3.71 

3.54 

6.55 

7.95 

3.48 

1.00 (1–1) 

1.57 (1.14–2.16) 

1.50 (0.95–2.36) 

2.86 (1.84–4.43) 

3.52 (2.28–5.44) 

1.47 (1.19–1.81) 

2.65 

4.33 

3.93 

7.81 

7.22 

3.63 

1.00 (1–1) 

1.66 (2.38–1.16) 

1.50 (2.61–0.86) 

3.11 (5.39–1.80) 

2.86 (5.11–1.60) 

1.39 (1.80–1.07) 

 

 

 

 



7. Discussion 
 

 

The first goal of the thesis and the purpose of the first review („adherence review‟) 

was to systematically assess the literature on adherence with biologic DMARDs in 

RA and to present the results by differentiating between compliance and persistence. 

 

The second goal of the thesis and the purpose of the second review 

(„pharmacoeconomic review‟) was to assess the incorporation of adherence into 

pharmacoeconomic evaluations.  

 

The third goal of this thesis was to provide evidence when suboptimal patient 

adherence results in decreased clinical effectiveness and increased health care 

resource utilization by assessing the rate of gastrointestinal (GI)-related 

hospitalizations occurring with varying levels of gastroprotective agents (GPA) use 

when co-prescribed with non selective non-steroidal anti-inflammatory drugs 

(nsNSAIDs).  

 

7.1. Adherence in Rheumatoid Arthritis 

 

The first goal of the thesis was to provide evidence on patients‟ level of adherence 

with pharmacotherapy and it was explored through a systematic literature review of 

adherence with biologic DMARDs (disease modifying anti-rheumatic drugs) that was 

designed, performed and published by Tamas Koncz and colleagues. (Koncz et al. 

2010) 

 

In the treatment of rheumatoid arthritis (RA), disease activity and structural disease 

progression may be reduced and physical function may be preserved or improved with 

DMARDs. NSAIDs and glucocorticoids are also used for symptom control; however, 

it is only DMARDs that affect the disease progression. (Smolen et al. 2007) The 

biologic DMARDs based on tumour necrosis factor alpha (TNF-alpha) inhibition and 

other mechanism of action brought significant therapeutic advantages in RA treatment 

by improving outcomes beyond what was possible with conventional DMARDs. 

These benefits have been shown in a large number of RCTs and in routine clinical 

settings as well. (Smolen et al. 2007, Bingham 2008, Furst et al. 2008) Nevertheless, 

real-life outcomes are different from those of RCTs and the degree to which a patient 
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correctly follows medical advice and adheres to a therapeutic regimen may differ 

between RCTs and real life practice, as it was discussed in Chapter 1.  

 

As with other chronic conditions, RA patients‟ adherence “rates” to prescribed 

pharmacological regimens are low, “ranging between 30 and 80%”, depending on the 

definition and methodology of measurement of adherence. (van dem Bemt and van 

Lankfeld 2007) These low rates raise concerns that the efficacy of the biologic 

DMARDs shown in RCTs may be reduced to lower effectiveness in routine clinical 

care due to poor adherence. It may also be a waste of the limited health care resources 

available for biologic therapies.  

 

A literature review conducted by Harrold and Andrade found eleven studies 

evaluating adherence to pharmacologic treatments for chronic rheumatic conditions 

including RA, inflammatory arthritis, polymyalgia rheumatica, juvenile idiopathic 

arthritis, and systemic lupus erythematosus. (Harrold and Andrade 2009) However, 

the review did not aim to look at adherence specific to biologic DMARDs. Most of 

the reviewed studies looked at adherence with NSAIDs and traditional DMARDs and 

generally had low sample sizes. Similar to other fields of medicine, the review 

concluded that there was inconsistency in definitions and measurement of adherence 

used. Therefore, different patient populations are evaluated with different methods 

which make it difficult to draw conclusions from these studies. (Hughes et al. 2007, 

Harrold and Andrade 2009) The introduction of electronic databases (e.g. health 

insurance claims databases in North America, biologics registries in Europe and North 

America) made it possible to better analyse both compliance and persistence data with 

biologic DMARDs. (Grijalva et al. 2007)  

 

It was concluded that compliance rates with biological DMARDs in RA are well 

below 100% and persistence rates decrease steeply over time. However, the 

systematic review presented highlights that ten years after the introduction of biologic 

DMARDs, our understanding of patient compliance is minimal and the limited 

findings about persistence are contradictory. The minimal amount of research in the 

field is unexpected as never before have RA therapies been so regulated by guidelines 

and payers. The lack of agreement in the terminology and the methodology hinders 

comparability of findings, and several reviews in other therapeutic areas reached a 
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similar conclusion. (Julius et al. 2009, Munro et al. 2007, Schmid et al. 2009, Ruddy 

et al. 2009)  

 

The following points need to be considered: 

 

Compliance: 

  

- Although the 80% cut-off is frequently used to distinguish between compliance and 

non-compliance, this cut-off point may be irrelevant. It is not understood what the 

clinically relevant cut-off is, that is, the required exposure for the optimal clinical 

impact may be different for each drug and each patient. Thus, not even 100% 

compliance can be considered optimal as some patients may be well controlled with 

less than 100% of DMARD doses while others may require more frequent 

administration. On the other hand, due to the increased risk of immunogenicity with 

intermittent treatment, continuous treatment may be more desirable with biologic 

DMARDs than with non-biologic DMARDs. 

- Data would also be needed on flare ups to define how often a flare up of Rheumatoid 

Arthritis is explained by decreased compliance?  

- A 100% MPR does not guarantee full compliance as possession of medication does 

not automatically mean that e.g. self-injection actually takes place. Patients may miss 

courses of self-injection whereas intravenous administration or subcutaneous 

injections administered by health care professionals make compliance more 

controllable (although patients may miss the appointment). This may explain the 

greater compliance seen with INF infusion than with ETA and ADA self-

administration. 

 

Persistence: 

  

When exploring differences in persistence rates, one may use persistence as proxy for 

effectiveness, as patients would rightly discontinue with a treatment that does not 

provide efficacy in the first place (primary non-response), loses its efficacy over time 

(secondary non-response) and/or is not tolerated. Primary non-response and secondary 

non-response are common and impact persistence rates in addition to the usual factors. 

In addition, the retention rates are usually greater for the first treatment courses of 
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biologic DMARDs than the subsequent ones. (Kristensen et al. 2006) However 

persistence was reported with only the first two or three biologic DMARDs (INF, 

ETA, ADA) available at the time. The lack of other biologic treatment options may 

have prompted physicians and patients to allow for longer use in cases of inadequate 

response before switching to another agent. (Gomez-Reino et al. 2006) Today earlier 

switching to another TNF-alpha inhibitor or to a biologic DMARD with a different 

mechanism of action is becoming increasingly common. As for combination with 

traditional DMARDs or use in monotherapy data suggested greater compliance with 

monotherapy (Grijalva et al. 2007), and persistence tended to be greater with 

combination therapy. (Du Pan et al. 2009, Kristensen et al. 2006, Zink et al. 2005) 

Lower compliance with combination therapy may be due to the increased pill burden. 

However, greater persistence with combination therapy may be due to increased 

effectiveness, as persistence may be its proxy as discussed above.  

 

Differential adherence between treatment options may be due to a number of reasons 

including side effect and efficacy profile, frequency and route of administration and 

cost of treatment. (Hugh et al. 2007, Curkendall et al. 2008) For example, of the 

biologic DMARDs, etanercept and adalimumab are administered subcutaneously 

while infliximab, abatacept and rituximab are intravenous. On the one hand, patients 

may prefer subcutaneous over intravenous administration or vice versa so they adhere 

better with their choice. On the other hand, patient self-injection may allow for more 

patient non-compliance than intravenous infusion or subcutaneous injection by a 

nurse in health care facilities. Another example is the relationship between adherence 

and economic factors: higher patients‟ out-of-pocket costs results in lower adherence. 

(Curkendall et al. 2008) 

 

Future studies 

 

Given the methodological limitations of compliance and adherence studies in RA, it is 

important that future studies build on agreed definitions of adherence and 

standardized methodology to allow for cross-study comparisons. (Cramer et al. 2008, 

Peterson et al. 2007) It is also important that studies compare adherence patterns with 

the traditional and biologic DMARDs, although differences in the route of 

administration may complicate comparison further. In addition, more information 
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about the reason for discontinuation, the concomitant treatments used, disease 

characteristics such as disease duration and activity will facilitate the interpretation of 

findings.  

 

A major challenge of all adherence research is the exploration of the association 

between suboptimal adherence and its clinical consequences. The development of 

integrated clinical study and clinical practice databases, where compliance and 

persistence is measured alongside clinical outcomes is necessary to understand 

adherence and establish the “optimal” level. 

 

Improving adherence could improve the efficacy of RA biologic treatments. (van den 

Bemt et al. 2007) Methodologically rigorous research may allow for designing 

targeted interventions to improve patient adherence and hence improve patient care.



 

7.2. Adherence in pharmacoeconomic evaluations  

 

The second goal of the thesis was to perform a literature review to assess if recent 

pharmacoeconomic studies considered medication adherence. The current review is 

an update to the review published in an article by Hughes et al., in which Tamas 

Koncz performed the literature review and co-authored the article. (Hughes et al. 

2007)  

 

Some of the studies that were identified explored the impact of varying compliance in 

sensitivity analyses; and it is likely that there are other, unidentified 

pharmacoeconomic evaluations that did so as well. However, in general, there was a 

great deal of inconsistency in the definitions adopted and methods used, and no 

overall improvement has taken place since the reviews of Hughes et al. and Cleemput 

et al. (Hughes et al. 2001a, Cleemput et al. 2002) These limitations make it 

challenging to draw valid conclusions on the impact of non-adherence on the cost-

effectiveness of treatments, and to compare this across different therapeutic areas. 

 

 

7.3. Adherence and clinical effectiveness 

 

 

The third goal of the thesis was to provide evidence that suboptimal adherence results 

in decreased clinical effectiveness and increased health care resource use. The aim of 

this study was to describe levels of GPA co-prescription for nsNSAID–treated 

patients using an available health care database, and to evaluate the effects of varying 

levels of concomitant GPA use on the rate of hospitalization in patients at high GI risk. 

The study was designed and performed by Tamas Koncz et al. (Koncz et al. 2008) 

 

Levels of GPA co-prescription alongside ns-NSAIDs were used as a proxy for 

adherence with GPAs in the absence of an appropriate database measuring adherence 

directly.  

 

Non-selective non-steroidal anti-inflammatory drugs (nsNSAIDs) are the most widely 

prescribed medications for pain management, despite their well-documented risks of 
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upper and lower gastrointestinal (GI) complications. (Garcia-Rodriguez and Jick 1994, 

Allison et al. 1992, Singh 1998, Wolfe et al. 1999, Lanas et al. 2005) The toxicities 

associated with nsNSAIDs represent a high personal and societal burden: in the 

United Kingdom alone, it is estimated that approximately 12 000 emergency GI 

admissions and more than 2000 deaths each year are attributable to nsNSAIDs. 

(Blower et al. 1997, Moore 2002, Tramer et al. 2000) In the United States, these 

figures rise to more than 100,000 emergency admissions and over 16,000 deaths per 

year. (Blower et al. 1997) The costs to the UK health service of treating GI-related 

adverse events average £250 million each year. (Moore and Phillips 1999) 

 

Treatment strategies aimed at limiting GI toxicity include the use of cyclooxygenase-2 

(COX-2) selective NSAIDs, which have been shown to reduce the risks of serious GI 

complications associated with nsNSAIDs (Gold stein et al. 2000, Silverstein et al. 200, 

Bombardier et al. 2000, Rostom et al. 2002),
 

or the co-administration of 

gastroprotective agents (GPAs) such as proton pump inhibitors (PPIs), histamine-2 

receptor antagonists (H2RAs), and misoprostol. Several randomized trials and 

systematic reviews have demonstrated the efficacy of GPAs in preventing or reducing 

GI ulcers and complications. (Rostom et al. 2002, Taha et al. 1996, Hawkey et al. 

1998, Yeomans et al. 1998, Pilotto 2004, Moore et al. 2006, Hooper et al. 2004, 

Silverstein et al. 1995, Chan and Graham 2004, Laine et al. 2002) 

 

Well-recognized factors that increase the risk of nsNSAID–related GI complications 

include older age (> 65 years), history of gastroduodenal ulcers/ulcer complications, 

concomitant use of corticosteroids or anti-coagulants, nsNSAID dose and duration of 

use, and the presence of serious co-morbidities (e.g., diabetes, cardiovascular disease). 

(Wolfe et al. 1999m Laine et al. 2002, Laine 2001, Simon 1999) The American 

College of Rheumatology (ACR), American Pain Society (APS), and Osteoarthritis 

Research Society International (OARSI) endorse the use of GPAs for patients at high 

risk of NSAID-associated complications (ACR 2002, APS 2002, Zhang et al. 2008),
 

and several countries have established relevant clinical guidelines. In the United 

Kingdom, recently updated guidelines from the National Institute for Health and 

Clinical Excellence (NICE) recommend that all osteoarthritis (OA) patients prescribed 

NSAIDs, including COX-2 selective NSAIDs, receive concomitant PPI therapy, 

irrespective of patient age and GI risk. (NICE 2008)  
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However, there is considerable evidence to suggest that gastroprotective strategies are 

under-utilized. (Moore et al. 2006, Smalley et al. 2002, Parente et al. 2003, 

Sturkenboom et al. 2003a, Sturkenboom et al. 2003b, Herings and Goettsch 2004, 

Erdeljic et al. 2006, Goldstein et al. 2006, van Dijk et al. 2002, Vonkeman et al. 2007, 

van Soest et al. 2007, Abraham et al. 2005) Of the 11 studies identified in Moore et 

al.‟s review of gastroprotective strategies (representing 911 000 nsNSAID users), 

eight reported inadequate prescription of GPAs among patients with GI risk factors. 

(Moore et al. 2006)   

 

There also exists a problem of poor patient adherence, with several studies reporting 

low adherence to prescribed gastroprotective treatments (Sturkenboom et al. 2003b, 

Goldstein et al. 2006, van Soest et al. 2007) In their review, Moore et al. conclude that 

in clinical practice, few patients who need gastroprotection get it, and those who do 

may not take it. (Moore et al. 2006) 

 

Non-adherence and under-utilization of GPAs may have serious clinical 

consequences; for example, recent studies have examined the clinical relationship 

between GPA adherence and nsNSAID–related GI risk, and identified a significant 

increase in the risk of GI ulcers and complications in patients with lower GPA use or 

adherence rates. (Goldstein et al. 2006, van Soest et al. 2007, van de Bij et al. 2006)  

 

 

This retrospective study aimed to discuss the extent of GPA co-prescription among 

nsNSAID–treated patients in the UK general practice, including patients considered at 

high risk for developing GI adverse events. This study also evaluated the impact of 

varying GPA use levels on the risk of GI-related hospitalization. The results reveal 

low levels of GPA co-prescription among nsNSAID users with more than 70% of 

patients receiving little or no gastroprotection, and significant under-utilization of 

GPAs among high-risk patients. The study also illustrates that the risk of GI-related 

hospitalization among high-risk nsNSAID users increases considerably with lower 

levels of GPA use.   
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The under-utilization of GPAs observed in this study is consistent with results 

reported in other studies despite increasing recognition of nsNSAID–related toxicities 

and the existence of prescription guidelines for NSAID treatments. (81, 93-103) A 

retrospective study of primary care patients in the Netherlands revealed that more than 

80% of patients with one or more GI risk factor failed to receive adequate 

gastroprotection. (Sturkenboom et al. 2003a) Moore and colleagues‟ review of more 

than 900 000 NSAID users showed that 76% of patients with at least one GI risk 

factor received no co-prescription of a GPA alongside their nsNSAID treatment. 

(Moore et al. 2006) More recently, in a review of gastroprotective therapy among the 

elderly, Lanas and Ferrandez (Lanas and Ferrandez 2007) estimate that almost one 

half of patients at risk of GI complications do not receive appropriate preventive 

treatment.  

 

Clearly, there remains a lack of acceptance by physicians of the necessity for 

gastroprotection among high GI–risk patients, and misconceptions of nsNSAID–

related risk. (Coté et al. 2008) In a survey of primary care physicians from eight 

European countries, up to 29% of physicians interviewed believed warning signs 

would always precede serious GI side effects in nsNSAID–treated patients, and up to 

64% felt it best to tell patients only about the most common side effects associated 

with nsNSAIDS. (Woolf et al. 2004)    

 

Even when patients are prescribed preventive treatments, evidence suggests that 

patient adherence is generally poor. The definitions and methods used to determine 

adherence within patient populations differ greatly between studies, and may not be 

comparable or accurate. (Andrade et al. 2006, Hess et al. 2006, Sikka et al. 2005) 

Nevertheless, several studies have shown high levels of non-adherence among 

patients co-prescribed GPAs alongside nsNSAIDs. For example, in a retrospective 

study of nsNSAID users in the Netherlands, more than one third of patients were 

found to be non-adherent to prescribed PPIs and H2RAs during periods of nsNSAID 

use, regardless of their risk factor. (Sturkenboom et al. 2003b) In a study by Goldstein 

and colleagues (112), 32% of patients receiving concomitant PPI therapy reported 

adherence below 80%; whilst the review by Lanas and Ferrandez estimated that more 

than 30% of nsNSAID–treated patients are non-adherent to preventive therapies. 

(Lanas and Ferrandez 2007)  
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Low adherence may impact greatly on clinical outcomes, and recent studies have 

identified a relationship between patient adherence to GPAs and the risk of GI 

complications among nsNSAID–treated patients. (Goldstein et al. 1999, van Soest et 

al. 2007, van der Bij et al. 2006) For example, a case-control study among new 

nsNSAID users co-prescribed PPIs reported a 60% increased risk of nsNSAID–

related GI events in patients with adherence below 80%. (van Soest et al. 2007) In 

another study by Goldstein and colleagues (Goldstein et al. 2006), a significantly 

higher risk of upper GI ulcers and ulcer complications was also observed in 

nsNSAID–treated patients with poor adherence (< 80%). A larger study by van Soest 

et al.. assessed GPA adherence and compared risk of nsNSAID–related complications 

between patients with varying levels of adherence, including patients with GI risk 

factors. Adherence levels of 20–80% resulted in a 2.5-fold increase in the risk of GI-

related complications, increasing to a 4-fold increased risk in patients having GPA 

adherence of below 20%. (van Soest et al. 2007) 

 

The results of this study extend these findings by demonstrating an increased risk of 

GI-related hospitalization in patients having a GI history and low levels of GPA use. 

Hospitalization rate and OR were shown to increase in patient cohorts having 

decreasing levels of GPA use – a trend that was consistent until GPA use reached 

0%–19%, when the incidence of hospitalization increased only moderately. This 

anomaly may have been attributed to differences in severity of GI risk. For example, 

the DIN-LINK patient database is unable to distinguish between severity of 

gastrotoxicity risk (information is based on GP notes), and the definition of GI history 

ranged from mild dyspepsia to serious GI events. It is possible that many of these 

patients were at a lower GI risk and were, therefore, considered by their GP to require 

little or no GPA co-prescription. Nevertheless, the rates and ORs of hospitalizations 

for this cohort in both the overall population and frequent nsNSAID users were 

greater than those reported for patients having 100% GPA use.  

 

A potential limitation of this study lies within the estimation of GPA use, measured as 

the proportion of days covered by GPAs within a rolling 3-month period of nsNSAID 

use. This study used GPA co-prescription as a proxy for GPA use and adherence; 

however, it may not accurately reflect use in patients undergoing long-term anti-
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inflammatory treatment. For example, it was not possible to determine prescription 

redemption, nor actual intake (i.e., adherence) by the patient. Thus, levels of co-

prescriptions are likely to be an overestimation of actual GPA use. Additionally, over-

the-counter GPAs were not included, although these are typically used as short-term 

treatments, so there may also be some under-estimation of actual use. Evidence 

suggests that GPAs are often prescribed at insufficient or incorrect doses (98); 

however, this study was unable to analyse prescribed doses, as these were not 

recorded in the database.  

 

Despite the 2-year study duration, for the descriptive part of this analysis (nsNSAID 

use and GPA co-prescription) only data from the final month (August 2005) were 

presented, because of the high similarity of the number of patients prescribed 

nsNSAIDs and GPAs in each of the preceding months. However, in the evaluation of 

the effect of varying GPA use on hospitalization, data were used from throughout the 

whole 2-year study period.  

 

The definition of patients at high GI risk included a clinical history of GI adverse 

events, concomitant use of low-dose aspirin, and presence of serious co-morbidity. It 

did not include age, despite this being the major risk factor for GI toxicity and the fact 

that guidelines recommend co-prescription of a GPA with nsNSAIDs in all patients 

over age 65 years. In this analysis almost all (89%) patients aged 65 years or more had 

at least one of the other risk factors, and because of this it was decided to limit the 

analysis to those risk factors which may also be present in younger patients.  

 

Primary care data were used in this study to identify GI-related hospitalizations. This 

may further limit the study, since there is frequently no distinction in patient records 

between out-patient appointments and hospital admissions. For the purposes of this 

study, hospital referrals and admissions were aggregated as hospitalizations (based on 

Read codes); however, it may be argued that these are not true hospitalizations and 

should instead be regarded as secondary care events. Recording of secondary care by 

GPs is often incomplete; therefore, it is possible that the number of hospitalizations or 

events within this patient population were under-estimated.   
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As GPA use, broadly defined as here, is a proxy for GPA adherence, these findings 

imply that lower GPA adherence results in loss of clinical efficacy in terms of 

gastroprotection. The lower efficacy led to increased health care resource utilization 

as measured by hospitalization. Thus, adherence with GPA as co-prescription with ns-

NSAIDs is important for the clinical success of preventing ns-NSAID-induced 

toxicity.  

These findings were supported by increasing evidence available in the literature. 

Goldstein et al., Soest et al., and van Bij et al. all showed within the same therapeutic 

area that there is a negative relationship between patient adherence to GPAs and the 

risk of GI complications among nsNSAID–treated patients. (Goldstein et al. 1999, van 

Soest et al. 2007, van d Bij et al. 2006) However, this was the first study in the field to 

measure the health care resource implications of sub-optimal GPA use.   

Sokol et al. in different therapeutic areas, diabetes and hypertension, showed that 

medical and drug costs are similarly related to medication adherence levels, as shown 

in Figure 6. (Sokol et al. 2005) 

Figure 6: Impact of medication adherence levels on disease-related health care costs 

and hospitalization risk in diabetes. 

 

  

Source: (Sokol et al. 2005) 

 

 

7.4. Health care policy implications 

 

Suboptimal compliance and failure to persist with drug treatments are important 

determinants of therapeutic non-response and are also of potential pharmacoeconomic 
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significance. However, the work in this field lacks methodological rigour.  The terms 

compliance and persistence have been variably and unclearly specified with a lack of 

consensus on their quantitative measurement in particular. Furthermore, research on 

the effects of compliance and persistence on real-life clinical effectiveness and cost is 

inherently difficult, and not an area where sponsors of traditional randomized trials of 

efficacy and safety invest in. Therefore, research on the effects of compliance and 

persistence on real-life clinical effectiveness and cost is inherently difficult. 

 

This thesis calls for a standardization of definitions and an improvement in 

measurement methods so that findings of studies analyzing medication adherence can 

be compared. The thesis also provides recommendations on how to incorporate 

adherence in pharmacoeconomic evaluations. Where adherence is included in 

pharmacoeconomic analyses already, the lack of methodological rigor and 

consistency in definitions often limit the usefulness of the analyses. The development 

of economic modelling techniques to include adherence is consequently challenging, 

and there is a lack of consensus guidelines from HTA bodies in this area. 

Methodological improvements are required in the assessment of adherence in 

economic evaluations. Nevertheless, as reviewed in this work, a range of approaches 

can, and have been applied to assessing the pharmacoeconomic effects of adherence. 

The analytical techniques and approaches discussed in this thesis may serve as a basis 

for developing the appropriate methodology. Proposals include the design of 

prospective clinical trials with both compliance and persistence variables, in addition 

to clinical and economic endpoints; regression analyses of retrospective studies 

providing these same data; modelling the extrapolated clinical and cost impact of 

compliance and persistence; and the subsequent decision-analytic modelling which 

could incorporate information from any of these methods. 

 

It was argued in the introduction of this thesis that varying patient adherence hence 

may be an important explanatory factor of the difference between efficacy and 

effectiveness. The presented evidence does indeed suggest so. When the clinical and 

economic impact of non-adherence is so clear, consideration of the effects of non-

adherence should be an integral part of pharmacoeconomic evaluations and in the 

health care decisions these evaluations inform. This will eventually allow for 
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designing interventions to improve patient adherence which will allow for better 

clinical and economic outcomes with pharmacotherapy.  

 

The results of these analyses are of interest to a wide range of stakeholders, from 

prescribers and patients to health care policy makers and the pharmaceutical industry.  

When further research is warranted in this field, one objective should be the 

development of formal HTA guidance on appropriate methodology and standards. 

Providers and payers of health care are increasingly concerned about value for money.  

However, the extent to which patient adherence is considered by decision-making 

authorities is unclear. The National Institute for Health and Clinical Excellence 

(NICE) in the UK, for instance, considered compliance and persistence as a 

determinant of cost-effectiveness in their recent evaluation of long-acting reversible 

contraception (NICE 2005), but not in the evaluation of newer drugs for epilepsy in 

adults (NICE 2004a) or in the guidance on glitazones for patients with type 2 diabetes 

(NICE 2003).  The selective incorporation of compliance and persistence in some 

economic evaluations probably reflects a lack of standard in the guidance on health 

technology appraisals for their consideration. (NICE 2004b) The Hungarian Health 

Technology Assessment guidelines do not contain a recommendation to incorporate 

adherence into pharmacoeconomic evaluations. (Az Egészségügyi Minisztérium 

szakmai irányelve 2002) Data availability is also an issue, particularly as information 

relating to patients who discontinue treatment are almost never reported or even 

collected.  This makes it difficult to incorporate compliances into economic analyses, 

and often require broad assumptions be made. 
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8. Conclusions 
 

This thesis addresses what is considered to be an important, but often 

neglected aspect of clinical evaluation of medicines and pharmacoeconomic analyses. 

 

The objective of this thesis was to provide evidence that patient medication adherence 

was below the level deemed optimal by current medical knowledge (suboptimal 

adherence) and this fact had implications on the effectiveness and economics of 

pharmacotherapy. The hypothesis was that patient adherence was suboptimal and this 

would decrease the clinical effectiveness of pharmacotherapy and would increase 

overall health care resource utilization. 

 

The first goal was to explore the evidence on patients‟ level of adherence with 

pharmacotherapy through a systematic literature review of adherence with biologic 

DMARDs. It was concluded that compliance rates with biological DMARDs in RA 

are well below 100% and persistence rates decrease steeply over time. These findings 

are in line with what was seen in other therapeutic areas and highlight that non-

adherence is a ubiquitous issue in medicine. 

 

The second goal was to identify and assess pharmacoeconomic studies that considered 

medication adherence. It was found that patient adherence with pharmacotherapies 

was usually not included in pharmacoeconomic evaluations and even when it was, the 

definitions and methods used to describe it were not standardized. This results in 

health technology appraisals that may provide biased estimates of the true value of 

medicines. 

 

The third goal was to provide evidence when suboptimal patient adherence resulted in 

decreased clinical effectiveness using a health care database. It was shown in a large 

retrospective study that lower levels of GPA co-therapy with nsNSAIDs, used as a 

proxy for adherence with GPA co-therapy, were associated with increasing rates of 

GI-related hospitalization, hence health care resource utilization.  
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These findings supports the hypothesis that patient adherence is suboptimal and this 

decreases the clinical effectiveness of pharmacotherapy and increases overall health 

care resource utilization. 

 

It leads to the conclusion that patient adherence with pharmacotherapy needs to be 

taken into account in pharmacoeconomic evaluation in order to reflect the true clinical 

effectiveness and resource implications of these therapies. 
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9. Summary 
 

This thesis addresses what is considered to be an important, yet often 

neglected aspect of pharmacoeconomic analyses: patient adherence with 

pharmacotherapy. 

The objective of this thesis was to provide evidence that patient medication adherence 

is suboptimal which has implications on the effectiveness and economics of 

pharmacotherapy. The hypothesis was that patient adherence was suboptimal and this 

would decrease the clinical effectiveness of pharmacotherapy and would increase 

overall health care resource utilization. 

The thesis reviewed the definitions, measurements, and epidemiology of non-

adherence and its clinical and economic consequences. In achieving the first goal a 

systematic literature review on adherence with biologic DMARDs in RA therapy 

found decreased compliance and persistence rates. To address the second goal, the 

literature review on the impact of non-adherence on results of pharmacoeconomic 

evaluations showed that medication adherence was rarely incorporated into such 

evaluations, and when it was, there was a wide variation in the definitions and 

methods used. 

For the third goal it was shown in a large retrospective study that lower levels of 

gastro-protective (GPA) co-therapy with nsNSAIDs, used as a proxy for adherence 

with GPA co-therapy, were associated with increasing rates of gastrointestinal-related 

hospitalization, hence greater health care resource utilization. These findings 

supported the hypothesis that patient adherence is suboptimal and it decreases the 

clinical effectiveness of pharmacotherapy and increases overall health care resource 

utilization. 

The thesis calls for a standardization of definitions and an improvement in 

measurement methods so that findings of studies analyzing medication adherence can 

be compared. The thesis also provides recommendations on how to incorporate 

adherence in pharmacoeconomic evaluations. This will eventually allow for designing 

interventions to improve patient adherence which will allow for better clinical and 

economic outcomes with pharmacotherapy. 
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