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Chapter 1 - Introduction 
 
 The prevalence of chronic diseases such as osteoporosis continues to increase 

in concert with the age structure of the Unites States population. While non-medicinal 

approaches to manage these conditions are and will continue to be important, 

medications are often required to reduce the risk of adverse long-term health 

consequences of these diseases. Among those who are offered medication for 

osteoporosis or other chronic diseases, a substantial minority stop medication within a 

few months of the first prescription or exhibit sub-optimal compliance to them. Many 

factors have been shown to influence compliance, especially out of pocket drug cost, 

experience of side effects, the relationship with the prescribing provider, and perceived 

susceptibility to and seriousness of the target condition being treated.  Other variables 

such as health value (the extent to which one values one’s own health) locus of control, 

self-efficacy with respect to medication use, and social support regarding medication 

use may also play important roles in medication compliance among those with 

osteoporosis or other chronic diseases. Several qualitative studies, however, have 

suggested that a significant proportion of those with chronic illnesses have ambivalent 

or even outright negative attitudes toward medications, expressing concerns about 

dependency upon them and long-term risks (known and unknown) from their use.  

 Beliefs about medications are postulated as a potentially important factor 

influencing medication use behavior by several models of health behavior, including 

the Health Belief Model, the Theory of Planned Behavior, Protection Motivation Theory, 

and the Leventhal Self-Regulatory Model. At first glance, it appears obvious that 

positive or negative medication beliefs would influence medication use behavior. The 

degree to which beliefs about medications drive medication compliance, however, 

compared to other variables such as cost and the level of trust in the prescribing 

provider is unknown. For example, out of pocket drug cost may drive non-compliance 

even among those who do not have unfavorable attitudes toward their medications. A 

high level of trust in the prescribing physician may overtake negative or ambivalent 

attitudes regarding medications such that the patient is willing to suspend their 

ambivalent or negative beliefs and take medication as recommended, or patients may 

be more willing to adopt their physician’s views of medications and target condition(s) 

they are used to treat if they have a higher level of trust in that provider. On the other 

hand, medication beliefs may be an important determinant of compliance even after 



   2 

 

controlling for other important influences on compliance. In that case, programs 

designed to improve compliance may need to include direct solicitation of patients’ 

beliefs about medications, assessment of the degree to which they are consistent with 

current knowledge about the target condition and the medication itself, and efforts to 

re-frame these beliefs to be more congruent with current knowledge regarding the 

medication itself, the patient’s susceptibility to adverse consequences of the target 

condition, and the seriousness of those adverse consequences. 

 This dissertation is a detailed exposition of a cross-sectional survey and 

medical record review study to estimate the association of medication attitudes and 

self-reported use of fracture prevention medications among patients prescribed one 

organized into six chapters. This first chapter will first present a comprehensive review 

of the literature regarding the decision making process patients go through about 

whether or not to take medication that has been recommended to them by their 

provider, will highlight important gaps in current knowledge regarding medication 

compliance, and will conclude with a description of the specific research questions that 

this study will address. 

 The second chapter will present the original conceptual framework for the 

study, will review in detail the operationalization of the concepts within that framework, 

and will conclude with a principal components analysis of the items that were used to 

assess the latent variables within that framework to justify the operationalization of the 

latent constructs as separate variables. 

 Chapters 3 through 5 will each represent a paper addressing separate (albeit 

related) research questions. Chapter 6 will summarize the findings from these three 

papers, what knowledge gaps they address, and will describe a further program of 

research beyond this project to further address these knowledge gaps.  

 

Background Literature Review 

 Medication Non-Compliance: Scope of the Problem 

 Medication prescribed to prevent adverse health events due to a chronic 

incurable target condition such as hypertension, hypercholesterolemia, type 2 diabetes 

mellitus, or osteoporosis typically need to be taken on a regular, ongoing basis in order 

to be effective. Medication compliance is defined as taking medication as 

recommended by the prescribing provider and dispensing pharmacist, presumably to 



   3 

 

maximize its effectiveness and safety. This typically will include advice regarding how 

often to take the medication, whether or not doses need to be taken with or without 

food, whether or not doses need to be taken any particular time of the day, and 

whether or not any other activities should or should not be done at the time medication 

is actually taken.(1)  Generally, the most common type of non-compliance is taking 

medication less often than what is necessary to achieve maximal benefit, although 

non-compliance in the form of inappropriate timing with respect to food or other 

activities and excessive use of medication do also occur.   Persistence is defined as 

continuing with medication (even if in a non-adherent manner) and is the opposite of 

discontinuation, whereby use of a medication is stopped altogether.(1) Persistence 

generally has been operationally defined as failure to refill a prescription within some 

period of time after the last dispensing date.  

 

 Non-compliance and Non-Persistence with Medication to Treat Osteoporosis 

 Osteoporosis is a common condition of bone whereby loss of bone mass and 

microarchitectural deterioration of bone structure results in bone fragility and 

susceptibility to fracture.(2, 3) This is a common public health problem especially 

among the elderly of all ethnic groups, most notably Caucasian and Asian elderly. 

Among Caucasian women and men age 50, respectively, 40% and 13% can expect to 

have a fracture of the hip, wrist, or a vertebra sometime during their remaining 

lifetime.(4) These fractures can result in serious long-term health consequences. Only 

one-third of those who suffer a hip fracture recover their pre-fracture ability to 

ambulate,(5-7) and a substantial proportion of those who suffer vertebral fractures will 

have chronic back pain.(7-9) Symptomatic or clinical vertebral fractures cause height 

loss, and a 5-10% loss of lung vital capacity because of the resulting increased upward 

pressure on the diaphragm from abdominal organs.(10-12) 

 In the last 15 years, a variety of medications have become available that have 

been shown to reduce the risk of fractures 30 to 50%.(13-17) Guidelines promulgated 

by medical subspecialties such as the American Association of Clinical 

Endocrinologists(18) and the American College of Obstetrics & Gynecology(19) as well 

as professional societies specifically concerned with diagnosis and treatment of 

osteoporosis (such as the Canadian Osteoporosis Society(20) and the National 

Osteoporosis Foundation(21)) are in virtual unanimous agreement that medications to 
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reduce fracture risk are indicated in those with osteoporosis by bone density criteria, 

with a prevalent radiographic vertebral fracture, or a recent clinical fracture. Most 

prescriptions for fracture prevention therapy are medications in the bisphosphonate 

family. The two most commonly prescribed medications, alendronate and risedronate, 

are taken once weekly, and a less commonly used bisphosphonate, ibandronate, is 

taken once monthly. Hormone replacement therapy (HRT) is now used much less 

frequently for the primary purpose of fracture prevention, since the Women’s Health 

Initiative study in 2002 documented increased risk of myocardial infarction, stroke, 

breast cancer, and thromboembolic disease associated with its use.(22) Raloxifene is a 

daily selective estrogen receptor modulator that is also FDA-approved for fracture 

prevention, but also is not generally used as a first line agent for fracture prevention 

because of its lack of efficacy with respect to preventing non-spine fractures.(16, 23) 

As is true with many other chronic diseases such as hypertension(24, 25) and 

hyperlipidemia,(26, 27) a substantial proportion of those prescribed medication to 

prevent osteoporosis stop medication prematurely, take it less frequently than 

prescribed, or take it inappropriately in some other manner.  

 

Assessing compliance and persistence with fracture prevention medication 

using pharmacy claims databases   

 Recently, Kothawala and colleagues have performed a meta-analysis of 

observational studies that have assessed medication persistence and compliance to 

oral medication to prevent osteoporotic fracture.(28) The pooled persistence rate from 

the six studies that assessed persistence using pharmacy claims through 1 year from 

the index prescription was 50%. Thirteen studies assessed persistence by self-report, 

and among these the pooled estimated rate of persistence through 1 year of therapy 

was 80%. This meta-analysis included, however, studies of compliance with hormone 

replacement therapy and cyclical etidronate, an older bisphosphonate taken daily only 

for a two week period every 3 months that is no longer used for fracture prevention 

therapy. 

 A systematic review limited to 14 studies of compliance and persistence with 

oral bisphosphonate therapy assessed with large pharmacy claims databases 

estimated that persistence 1 year after an index prescription for a daily alendronate or 

risedronate ranged from 26% to 56%, and after an index prescription for a weekly 
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alendronate or risedronate ranged from 44% to 70%.(29) Generally, after new 

prescriptions for oral bisphosphonates, there is rapid drop of persistence over the first 

three months after the index prescription date, as many individuals will stop after filling 

one or two prescriptions, with a slower attrition of persistence with oral bisphosphonate 

therapy after that initial period.(30-37) Hence, rates of persistence will be lower one 

year after an index prescription for someone who has already been taking a 

bisphosphonate medication for 3 to 6 months, compared to new users.  

 In the largest of the pharmacy claims database studies done to date (using the 

NDCHealth pharmacy database of 14,000 retail pharmacies, identifying 211,319 

individuals [47% over age 70] who filled a prescription for an oral bisphosphonate 

during the month of October, 2002) persistence at one year for new and established 

users of daily bisphosphonates, respectively, were 15.7% and 39%. Persistence at one 

year for new and established weekly oral bisphosphonate prescriptions, respectively, 

were 31% and 58%.(38) In this study, compliance for 1 year after the index prescription 

was defined as the Medication Possession Ratio (MPR), the proportion of days 

between refills for which the patient had medication in their possession. For new users 

(for whom there was no record of bisphosphonate use for the prior 12 months), only 

25.2% of those starting a weekly bisphosphonate and 13.2% of those starting a daily 

bisphosphonate, respectively, achieved adequate compliance (defined as MPR > 

80%). Among existing users, the proportions achieving adequate compliance was 

somewhat better but still suboptimal, 48.1% and 35.2%, respectively, among weekly 

and daily bisphosphonate users. With one exception,(30) all of the oral bisphosphonate 

compliance studies done to date have shown that compliance and persistence with 

weekly bisphosphonates, although still suboptimal, is better than with daily 

bisphosphonates. However, here is no convincing evidence currently that persistence 

with once monthly ibandronate is any better than with weekly bisphosphonates.(39-41)  

 Although these large studies using pharmacy claims give a consistent 

description of the extent and time course of persistence and compliance with oral 

fracture prevention therapy, they are limited in that they can reliably assess only a few 

of the potential predictors of persistence and compliance, such as frequency of dosing, 

demographic variables, claims for co-morbid medical conditions, and claims for 

diagnostic tests such as bone densitometry and hence offer little in the way of 

explaining why individuals do or not persist and/or comply with prescriptions for 
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fracture prevention medication. Age in these studies is inconsistently associated with 

bisphosphonate persistence, as some have shown higher(36, 38, 42-45), lower(37), or 

no difference(35, 46) in persistence among patients older than age 65 to 75 compared 

to those of younger age. Having had a health care claim for a prior fracture is 

associated with slightly higher persistence,(37) as is having a claim for a bone density 

test within the two years prior to the index prescription.(30, 35, 37) Compliance 

appears to be better for those with third-party prescription coverage compared to those 

without prescription drug coverage,(38) and in a Canadian study, for those with public 

compared to those with private prescription drug coverage.(43) The association of a 

health care claim for a prior fracture before the index prescription date has been 

inconsistently associated with oral bisphosphonate persistence, being positively 

associated with persistence in some studies (36, 37) and not associated with 

persistence in others.(35, 44, 47) Concomitant prescription of a large number of 

medications is associated lower rates of persistence in most (35, 37) but not all 

studies.(48) and specifically concomitant prescriptions to reduce gastric acid secretion 

may be associated with lower oral bisphosphonate persistence,(45, 49) perhaps 

because these medications are used to treat gastric dyspepsia which sometimes may 

attributed to oral bisphosphonates. Interestingly, concomitant use of oral 

glucocorticoids medications are associated with lower persistence and/or compliance 

with oral bisphosphonate medications in some (35, 44) but not all studies.(47) In one 

study, current smoking was also associated with non-persistence.(49) 

 

Assessing compliance and persistence with fracture prevention medication 

using survey methods   

 Several studies have assessed compliance to medications to prevent 

osteoporotic fracture using self-report surveys. Turbi and colleagues identified post-

menopausal women prescribed medication for osteoporosis in 154 general practices 

across Spain, and compared self-reported compliance among 426 women prescribed 

weekly alendronate to compliance among 476 women prescribed daily raloxifene, a 

selective estrogen receptor modulator.(50) Compliance was assessed using the four 

item Morisky-Green scale, which ask respondents whether or not they sometimes miss 

medication doses due to forgetfulness, carelessness, when they are feeling better, or 

when they are feeling worse.(51) Sixty nine percent of patients prescribed raloxifene 
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and 54% of those prescribed alendronate, respectively, answered “no” to all items of 

the Morisky-Green scale, considered to be indicative of good compliance. The mean 

treatment duration was 324 days for raloxifene, and 291 days for alendronate. 

Participants prescribed raloxifene estimated that they remembered to take a mean 

94% of all prescribed tablets, and those prescribed alendronate estimated that they 

took 90% of all prescribed tablets. A second set of investigators in Spain identified 

patients from 126 general practices who were being prescribed raloxifene, and 

randomized the 126 practices to either hand out a leaflet to study participants with 

additional information regarding raloxifene or to simply follow their usual practice.(52) 

Compliance was assessed by self-report with the Morisky-Green scale, with high 

compliance defined as all 4 items of the scale being answered “no”. High self-reported 

compliance was no different between the two groups, being 47.5% and 52.5%, 

respectively, in the intervention and no intervention groups after 12 months of follow-

up. Quality of life assessed by self-report with the visual analog scale part of the EQ-

5D was negatively associated with self-reported compliance in both groups. 

 Carnvale and colleagues surveyed over 2,000 Italian patients who suffered a 

hip fracture a mean 543 days before the survey date. Twenty one percent of those 

treated with a fracture prevention medication at the time of or immediately after the 

fracture self-reported stopping that medication by the time of the survey date. 

Performance of bone densitometry, younger age, and female sex were associated with 

fracture prevention medication persistence.(53)  

 Five studies have used surveys to assess both self-reported compliance to and 

persistence with osteoporosis medication, and reasons for discontinuation. Tosteson 

and colleagues conducted telephone surveys with 956 women prescribed medication 

to prevent osteoporotic fracture a mean 7 months after their first prescription. Twenty 

six percent, 19%, and 19%, respectively, of those prescribed hormone replacement 

therapy (HRT), raloxifene, or alendronate had discontinued therapy.(54) Among those 

discontinuing HRT, raloxifene, or alendronate, respectively, 59%, 42% and 49% 

reported very bothersome side effects. With all three medications, persistence with 

medication was more likely among those with an accurate recollection of their bone 

density test results. Similarly, among 275 consecutive post-menopausal women 

prescribed risedronate (another oral bisphosphonate) 42 of 48  patients who by self-

report discontinued the medication cited one or more side effects as the reason for 
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discontinuation.(55) Two other studies, however, have suggested that side effects 

account for a lower percentage of premature discontinuation of osteoporosis 

medications. Of 310 post-menopausal women prescribed medication to prevent 

osteoporotic fracture following a bone density test, Pickney and colleagues reported 

that 150 self-reported discontinuation of the medication, and of those less than half 

cited side effects as the main reason.(56) Twenty six percent (26%) cited cost as the 

main reason for discontinuation. Side effects were also cited by a smaller proportion of 

patients as the main reason for discontinuation of osteoporosis medication prescribed 

to 9,851 post-menopausal women by several osteoporosis specialty centers across 

Italy.(57) Self-reported discontinuation rates over a mean follow-up time of 14 months 

(range 11-18 months) varied from just 6.9% for weekly alendronate to 23% for 

hormone replacement therapy, to 28.7% for intramuscular clodronate (administered 

once every 1-2 weeks). Persistence was positively associated with prior vertebral 

fractures, early menopause, and having had a bone density test showing low bone 

mass. Self-reported reasons for discontinuation were side effects in 24%, lack of 

motivation in 21%, safety concerns in 13%, and cost in 10%.  

 Uniquely among these studies, Cline and colleagues assessed the association 

of self-reported use of hormone replacement therapy or oral bisphosphonate 

medication within the month prior to the survey date with latent variables postulated to 

be associated with medication use by the Health Belief Model, specifically perceived 

susceptibility to osteoporosis, perceived severity (health consequences) of 

osteoporosis, perceived effectiveness of medications to treat osteoporosis, and 

perceived barriers to use of medications to treat osteoporosis.(58) Notably, the target 

condition was framed as “osteoporosis” and not specifically as osteoporotic fractures. 

This study also assessed type of health insurance coverage and “cues to action” 

(events or health history that indicate risk of osteoporosis or related fractures) such as 

having had a diagnosis of osteoporosis or osteopenia, family history of fracture, and a 

personal history of fracture. Having had a bone density test and having Medicare HMO 

health care coverage were both strongly associated with self-reported recent use of an 

anti-resorptive agent. Perceived susceptibility to osteoporosis, perceived effectiveness 

of drug therapy, and perceived lack of barriers to medication use were all modestly 

associated with self-reported recent use of anti-resorptive drug therapy.  
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 Combined survey and pharmacy claims studies 

 Two studies have assessed fracture prevention medication using pharmacy 

claims, and have assessed a richer variety of potential predictors of medication use 

behavior using survey methods. Berecki-Gisolf surveyed 788 elderly Australian women 

who were filling a new prescription for an oral bisphosphonate medication, assessing 

health status with the SF-36, physical activity, smoking status, alcohol consumption, 

and dyspeptic symptoms. Age, marital status, self-reported ability to manage income, 

educational status, are of residence (rural versus urban), and SF-36 scores were 

unrelated to persistence. Self-reported symptoms of dyspepsia or gastro-esophageal 

reflux were unrelated to persistence, independent of use of H2-blocker or proton pump 

inhibitor medication to reduce gastric acidity.  

 McHorney and colleagues performed telephone surveys with 1,015 post-

menopausal women identified from a pharmacy claims database as having received a 

new prescription for a weekly or monthly oral bisphosphonate.(41) Non-compliance, 

defined as a medication possession ratio from pharmacy claims of < 67%, was strongly 

associated with the severity of perceived side effects to the oral bisphosphonate 

medication, but nearly as strongly with the patient-perceived fracture reduction benefit 

of the medication. Concerns about the safety of medication, distinct from actually 

experienced side effects, were moderately associated with non-compliance. 

 Overall, these studies show that a substantial proportion of patients prescribed 

medications to reduce their risk of fractures prematurely discontinue these 

medications, and even among those who persist compliance tends to be suboptimal. 

Self-reported side effects and cost may be the most common reasons patients stop 

osteoporosis medication prematurely, but a significant proportion of osteoporosis 

medication non-persistence and sub-optimal compliance appears to be unaccounted 

for by these two factors.  Compliance and persistence are both better among those 

prescribed weekly rather than daily medication to prevent fracture, and are better 

among those who have had a bone density test and are aware of their fracture risk. 

Even among these subsets of individuals, however, a significant proportion of patients 

do not persist with or have suboptimal compliance to osteoporosis medication, 

compromising the fracture reduction benefit that might be realized from use of these 

agents.  
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 Consequences of non-compliance with fracture prevention medications  

 Several studies now have documented that among those at high risk of 

fracture, suboptimal compliance with prescribed fracture prevention medication is 

associated with a higher risk of fracture, (34, 59-65) and higher net health care 

utilization and costs.(60, 62, 64) The precise nature of the association between non-

compliance and fracture risk, however, remains unclear. Siris and colleagues, 

however, could find no fracture reduction benefit for those with an MPR less than 50%, 

and then an exponentially greater fracture reduction benefit as MPR increased from 

50% to 100%.(63) A major difficulty with these studies based entirely on administrative 

pharmacy and health care claims, however, is that is not clear that those with low 

compliance are in fact as comparable risk of fracture as those with higher compliance.  

 The study of Rabenda and colleagues from Belgium is helpful in that 

pharmacologic fracture prevention therapy in Belgium is restricted to those with 

osteoporosis by bone density criteria (femoral neck T-score ≤ -2.5) and/or vertebral 

fractures, ensuring that all of those studied are indeed at high risk of fracture. In this 

study, there was a linear 33% reduction in hip fracture incidence as compliance 

improved from an MPR of 0% to 100%.(65)   

  

Determinants of Non-Compliance 

 In this section, determinants of medication non-compliance will be reviewed 

considering studies of medication use in general (not just for osteoporosis) in the 

context of the extended Health Belief Model, using principles of cognitive science, 

social structural symbolic interactionism, and identity control theory.  

 

 Patient medication use behavior: theoretical backgr ound 

 When a provider proposes to a patient that they use a medication on an 

ongoing basis, this represents a proposed solution to a perceived problem. The broad 

overarching theoretic framework behind this proposal is intended to explain how 

patients conceptualize threats to their health, how in particular they conceptualize one 

specific solution to a health threat (medication use) and why actual medication use 

behavior may or may not take place. 

There are several key assumptions underlying this theoretical framework. First, 

human behavior is assumed to be goal-directed and intended to solve some problem in 
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that person’s environment.  When we view behavior as intentional, then understanding 

the goals of that individual and the physical and socio-cultural environment within 

which that person is embedded can take us a long way in our understanding of the 

determinants of that behavior.(66, 67) More specifically, the patient’s behavior is 

assumed to be a function of that patient’s goals, the patient’s knowledge and belief 

structure that is germane to solving the problem, and the environmental constraints 

and complexity within which the patient is embedded.(66) Second, this proposal 

assumes that patients are seeing a physician with a goal of improving their health 

status as they define it. Hence with respect to medication use the patient has to solve 

three problems; first, whether or not they are at significant risk of bad health outcomes 

of concern to them, second, whether or not use of a medication is a reasonable way to 

reduce that risk, and thirdly, how to execute medication use behavior in the context of 

their daily task environment.  

Patients potentially have a large variety of sources of information within their 

social network at their disposal to try to address these three issues, including family 

member and friends, their health care providers, patient advocacy groups such as the 

National Osteoporosis Foundation, a dizzying variety of internet sources and direct 

industry to consumer advertisements. Sorting through these sources of information can 

appear to be a daunting, overwhelming task to many patients. A major constraint that 

humans face with respect to decision making in their daily task environment are 

cognitive limits regarding how much information they can retain at one time, how 

quickly they can access that information, and how fast they can sift through and 

evaluate that information is their bounded rationality. (66) (67) Cognitive theorists have 

theorized humans will often improve their decision making efficiency through pattern 

recognition, whereby many individual “chunks” of information may be perceived to have 

stable relationships with one another, and therefore to coexist as a pattern. All of the 

individual “chunks” can then be recognized very quickly in the context of that pattern, a 

process called the recognition heuristic.(68) Related to this, information that has been 

used recently or repeatedly, is easily recognizable as part of a larger salient pattern of 

information, or is associated with strong emotion may come to mind quickly when 

searching for solution(s) to a problem, a process labeled by Tversky and Kahneman 

the availability heuristic.(69-71) Humans tend to satisfice rather than optimize in that 

once a satisfactory solution is found, they will often stop their search for a better or 
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optimal solution.(67) Implicit in this trade-off is the judgment that further search would 

be more costly in terms of cognitive resources and time than what might be gained by 

finally discovering a better solution to the problem at hand. 

Heuristic paths to satisfactory decisions are often aided by attitudes, defined by 

Maio and colleagues as affective evaluation of an object or behavior, indicating some 

degree of favor or disfavor.(72, 73) Belief, defined as the body of facts regarding an 

object or behavior the individual believes to be true, is considered to be the cognitive 

part of an attitude, whereas affect, or the emotion attached to the beliefs about the 

object or behavior, is another facet.(74) Actual behavior is considered to be the third 

component of an older, tripartite conceptualization of attitude structure.(75) The 

affective component of attitudes sharpen their availability and strength, facilitating quick 

recognition of situations or objects and potentially quick allow fast decision-making and 

behavioral responses.  

Therefore, there are several facets of a patient’s medical and family history that 

can be postulated to be associated with medication use behavior. First, if one has had 

a family member that has had a serious fracture associated with osteoporosis, that 

may be associated with a heightened sense of one’s fracture risk, especially if that 

family member’s quality of life was substantially altered by the fracture. Similarly, a 

personal history of fracture may similarly be associated with a heightened sense of 

susceptibility, although if one recovers uneventfully from that prior fracture, the 

individual may have a belief that fractures do not lead to serious health consequences. 

On the other hand, a history of bad experiences with medications in the form of 

multiple adverse drug reactions may lead one to conclude that a fracture prevention 

medication is more likely to cause side effects, and or to conclude more quickly that an 

adverse health event is due to a prescription medication. Similarly, poor experience 

with or negative attitudes toward medications among important individuals within one’s 

social network can potentially have a significant effect on one’s own attitude toward 

those medications. 

 The cognitive and affective components of attitudes regarding health, disease 

states, medications, and other modalities used to treat them are generally part of a 

larger patterned knowledge structure, or schema. Echabe and colleagues in Spain 

discerned three clusters of related health and medication beliefs among 902 adults.(76) 
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The majority considered health to be a balance of body and mind, that illness is a 

break in this balance usually attributable to lack of exercise, stress, poor mood, and 

poverty. This subgroup believed that individuals themselves have substantial control 

over their own health through their own behaviors with respect to diet and stress 

management. In general they viewed medications negatively, believing that use of 

them often has negative consequences. A minority viewed illness as occasionally due 

to bad health habits but also due to bad luck, God, or other factors beyond one’s 

control. This group considered physicians and use of medications as the best 

resources that help recovery from illness. Each of these belief structures may be very 

adaptive in certain contexts. Believing in their own agency with respect to their health 

status, those in the former group may be more likely to adopt health-conscious 

behaviors, and forestall the onset of one or more chronic diseases. On the other hand, 

once a chronic disease does begin, the potential threat to their salient, personal 

identities may be greater. 

 The relevance of all of this to health behavioral decision such as use of 

medications is that patients form attitudes regarding both potential health threats and 

possible solutions to those threats, that are then used as heuristic decision-making 

devices. These attitudes evolve over time in the context of the socio-cultural milieu 

within which individuals are embedded, as emergent phenomena from interaction with 

others. 

 Symbolic Interaction Between Patient and Provider  

 A major, central member of most patients’ social networks with respect to their 

health are their health care providers, especially those with whom they have a longer 

and/or trusting relationship. When diagnostic screening yields evidence of a condition 

for which the physician recommends chronic medication therapy, the patients’ vector of 

social and personal identities is inevitably challenged to some degree, depending on 

the disparity between their identity standards and the new diagnostic information about 

themselves that has been presented. Patients then have to arbitrage new information 

given to them by the provider and the a priori health and medication beliefs they bring 

to the encounter, including their perceived identity standards, their definitions of health, 

their conceptualizations (if any) regarding the target condition for which the physician is 

proposing medication, and their conceptualizations regarding medications and their 

use.  
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 The relationship between a provider and a patient is imbued with many 

elements that may either impede or facilitate acquisition of new knowledge by the 

patient that is useful for the pursuit of health goals. Even though medical information is 

available from multiple media sources and often from other members of one’s social 

network, there is considerable information asymmetry between provider and patient, 

such that the provider is in a position of relative power and the patient in a position of 

relative dependence.(77, 78) A perceived willingness on the part of the physician to 

fully disclose all relevant information regarding a medical diagnosis and proposed 

diagnostic and therapeutic strategies and to answer all of a patient’s questions (called 

by some an Open Communication Style) has been repeatedly shown to be highly 

valued by patients, highly associated with patient satisfaction with their care, and with 

compliance to both recommended treatment and follow-up visits.(79-82) An ability to 

use elicit and understand the patient’s own terminology and concepts regarding their 

health and to converse with the patient in those terms would be predicted, by principles 

of symbolic interactionism, to improve patients’ sense that their concerns and beliefs 

have been understood and addressed and that the diagnostic and treatment plan that 

emerges from the patient-provider interaction incorporates or at least recognizes those 

concerns and beliefs.   

 Patients are also looking for congruence (or shared meanings) between 

themselves and their provider in terms of outlook and the decision making approach to 

their health. Congruence in terms of how decisions are made may be particularly 

important. Some patients clearly prefer that their physician act primarily as a 

knowledgeable advisor, and wish themselves to be the final arbiter of any medical 

decisions, but others want their physician to make all final decisions.(83, 84) A variety 

of studies have suggested that congruence between the patient and the physician 

regarding decision making style is associated with higher levels of satisfaction with 

care and with acquisition of self-care behaviors.(79, 80, 84-86)  

 Open communication and congruence in decision making may be domains of a 

larger construct, that of trust in the physician.(87, 88) This is conceptualized by Hall 

and colleagues to consist of trust in the physician’s competence, that the physician 

puts the patient’s interests first and is not following an agenda at odds with those 

interests, is honest, and will honor the patient’s confidentiality.(89) Trust is necessary in 

a relationship in which one party is vulnerable, and the physician-patient relationship is 
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certainly one in which the patient has significant vulnerability with respect to 

dependence upon the physician to access to medical diagnostic testing and remedies, 

and due to the information asymmetry inherent in the physician-patient relationship. 

 

Applications to Decisions Regarding Medication Use to Prevent Osteoporotic 

Fractures 

Based on the theoretical concepts thus far presented, this proposal postulates 

that the following factors need to be present for medication use behavior to occur for 

management of chronic diseases such as osteoporosis. First, there needs to be a 

perception that the target condition poses a threat to one’s health, and that reducing 

that threat is desirable. Second, there needs to be a perception that medication is 

capable of reducing that target threat, and that the benefits of that medication outweigh 

the perceived costs of that medication. Third, the person who concludes that 

medication use would be overall beneficial needs to believe that they are capable of 

executing that behavior in their daily lives. Finally, medication use behavior has to be 

incorporated into the person’s daily or weekly task environment such that the person is 

appropriately cued to take the medication. 

Perceived Susceptibility to and Severity of Osteoporosis and Osteoporotic 

Fracture 

Nearly every theoretical model of health behavior, including the Health Belief 

Model (HBM) and its variants,(90-92) the Leventhal Self-Regulatory Model,(93) the 

Theory of Planned Behavior,(94, 95) Protection Motivation Theory,(96, 97) the 

Precaution Adoption Process Model all postulates perceived susceptibility to a health 

threat and perceived severity of that health threat as significant determinants of health 

behavior to reduce that threat. These constructs are modeled quite explicitly in the 

Health Belief Model. Subsequent variations of the Health Belief Model have included, 

as additional important factors influencing health-related behavior, motivation to 

improve health as an important factor,(98) causal beliefs of the target condition (why it 

is or is not a threat),(99) self-efficacy (defined as the belief one is capable of executing 

the behavior),(91) and locus of control.(100, 101) The HBM has been criticized for not 

including important cognitive factors such as social support and social norms, and for 

not separating out the formation of intent to carry out a behavior from the actual 
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execution of that behavior.(92) With respect to medication use, the model appears to 

emphasize the perceived benefit of the medication (or lack thereof), and barriers such 

as inconvenience and cost, but does not explicitly model a role for negative attitudes 

regarding medications in general. Many studies have used the HBM to predict 

medication compliance, with modest success.(90, 102, 103) These typically have 

operationally defined medication beliefs in terms of belief of efficacy, and barriers to 

use, but have not included intrinsic harm from use in these operational definitions.  

Protection motivation theory and Leventhal’s self-regulation theory both 

explicitly consider both cognitive and emotional evaluation of potential health threats. 

The self-regulation theory postulates that health behavior is a function of both 

“objective” representations of illness and of the available coping responses to the 

threats that illness poses, and in parallel, the emotional responses that parallel those 

representations.(93) Protection motivation theory and the Theory of Planned Behavior 

are different from the others in separating out formation of motivation or intention to 

perform a behavior from the actual performance of the behavior 

There are many similarities and common themes in these models. Implicit in 

their application to use of medications to prevent osteoporotic fracture or diabetic 

complications is the concept that individuals first judge whether or not the condition 

does or does not indicate a threat to their health, whether or not protection of their 

health is worthwhile relative to other demands in their task environment (and therefore, 

whether or not the health threat constitutes a “problem to be solved”), and finally 

whether or not medication use represents a desirable response to the problem. 

Most investigations of health behavior to reduce the risk of osteoporosis have 

focused on use of non-medicinal preventive behaviors such as ensuring adequate 

calcium intake, vitamin D intake, and increasing the frequency of weight-bearing 

exercise, using the Health Belief Model or one of its extensions, the Theory of Planned 

Behavior, or the Weinstein Precaution Process Adoption Model as their conceptual 

framework. Most of these studies show an association between perceived susceptibility 

to osteoporosis and either intention to improve calcium intake or actual increased 

calcium intake.(104-108) Perceived severity generally has been operationally defined 

as feelings of being frightened by or dread at the idea of having osteoporosis, or 

agreeing with a statement that osteoporosis is a serious disease. Generally, these 
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studies have not shown that perceived severity is associated with intention to increase 

or actually increased calcium intake. One study has specifically investigated 

determinants of intention to increase vitamin D intake, and in that study perceived 

susceptibility to fracture was associated with both a heightened intention to increase 

and subsequent use of vitamin D supplements.(109) 

Having a bone density test showing low bone mass and therefore a personal 

increased risk of fracture is associated with a higher utilization of medication to reduce 

fracture risk, especially for those who are knowledgeable about their bone density 

results.(110-113) Whether those with very low bone density and therefore at high risk 

of fracture who choose not to start drug therapy still did not perceive a susceptibility to 

fracture or chose not to do so for other reasons was not clear in these studies. 

Disease knowledge.  

Knowledge of the threat that a target condition may pose is an important 

component of perceived susceptibility to and seriousness of that target condition, 

according the to the theoretical frameworks of the Health Belief Model and its various 

extensions,(90, 92, 100, 101) Protection Motivation Theory,(96, 97) and the Precaution 

Adoption Process Model.(114, 115) However, applications of these formulations of 

knowledge have not always made clear the conceptual difference between belief and 

knowledge. For the purposes of this project, I am defining osteoporosis knowledge as 

that body of facts for which there is broad consensus within the allopathic medical 

community that they are true. Beliefs were previously defined as what an individual or 

community of individuals cognitively considers to be true – and hence osteoporosis 

knowledge as defined above still is a set of beliefs. Nonetheless, I am defining 

osteoporosis knowledge as above to clearly distinguish it from beliefs of patients, which 

generally overlap but are not fully congruent with osteoporosis knowledge as I have 

defined it. Almost all of the published empirical studies of patient knowledge about 

osteoporosis have taken this same approach, using criterion tests to assess knowledge 

whereby answers to either multiple choice or (more commonly) true-false questions are 

judged to be right or wrong.(116) 

Osteoporosis knowledge can be sub-categorized as knowledge about risk 

factors and epidemiology, non-pharmacologic preventive measures, association with 

and consequences of fractures, and available treatment. The majority of osteoporosis 
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knowledge measures have tested knowledge regarding risk factors and preventive 

measures (e.g., calcium supplementation and weight-bearing exercise), among 

convenience samples of healthy adults or else samples of college-age, middle-aged, or 

older adults who may at risk for but have not specifically already been diagnosed with 

osteoporosis.(117-128) Fewer studies have included items in their instruments to 

assess knowledge of the association of osteoporosis with fractures, (120, 129-133) or 

of the consequences of those fractures.(131, 132) Only two have assessed knowledge 

of the availability and effectiveness of pharmacologic treatment to prevent 

fracture.(133, 134) Generally, these studies have shown that knowledge regarding risk 

factors for osteoporosis and preventive measures to be fair to moderately good, but to 

be poor for knowledge regarding consequences of fractures. Most, but not all, studies 

have found knowledge regarding osteoporosis risk factors and preventive measures to 

be associated with preventive behaviors.  

Importantly, no studies to date have assessed the association of knowledge 

regarding the association between osteoporosis and fractures and the health 

consequences of those fractures and medication use behavior. Arguably, among those 

already diagnosed with osteoporosis, knowledge of fracture risk, health consequences 

of fractures, and availability of effective treatment is much more relevant for decision 

making regarding use of medications than knowledge of risk factors for osteoporosis 

per se. 

For those already diagnosed with osteoporosis, general knowledge regarding 

osteoporotic fractures may be only moderately associated with perceived susceptibility 

to those fractures, for a variety of reasons. They may not have accepted the diagnosis 

of osteoporosis, or else feel that they are to some degree exempt from the risk of 

fractures for a variety of reasons. They may believe that if they have already had a fall 

or two and did not break any bones that their bone strength is adequate. They may 

believe that if family members or others with whom they closely identify themselves 

had osteoporosis but did not fracture, that they too are at least somewhat exempt from 

risk of fractures in spite of the diagnosis of osteoporosis. They may believe that they 

can avoid falls, or that because of their use of calcium supplements, weight-bearing 

exercise, and/or medications they are at lower risk. The tendency to invoke self-

exemption from harm has been documented in some hypertensive patients who 

believe that they (but not others) can tell if their blood pressure is elevated and 
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therefore that it is safe to use their anti-hypertensive medications as needed, rather 

than on a regularly scheduled basis. Smokers have also been shown to have a 

tendency to believe that they are exempt from the adverse health effects of smoking. 

Whether or not self-exemption beliefs are employed by patients with osteoporosis to 

minimize their perceived risk of fracture is unknown.  

On the other hand, experience with friends or close family members who have 

suffered from osteoporotic fractures may increase one’s sense of susceptibility even 

without detailed knowledge of the disease. Therefore, while nearly every social 

cognition model of health behavior predicts that disease knowledge would be 

associated with perceived susceptibility to the adverse consequences of the target 

condition, disease knowledge is likely to be neither a necessary nor sufficient condition 

for a person to feel susceptible to that target condition. Nonetheless, effective 

communication and education regarding the target condition and its adverse health 

consequences is one of the main tools health care providers have available to 

encourage compliance to medication that reasonably can be expected to improve 

health outcomes. 

Medication Perceptions 

 Several studies that utilized focus groups to gain insights into how patients 

conceptualize medications are summarized in table 1 on page 15. While these studies 

were done in patient samples with different medical condition, certain common themes 

emerge. First, as has been identified in many of the health behavior models previously 

discussed, is that patients look to somatic feedback to inform them if medication is truly 

necessary. This is problematic especially for proposed medications to prevent future 

adverse health events for patients who currently are asymptomatic. Several studies 

have shown that trust in the provider and adequate communication of a rationale that is 

consistent with the patient’s lay beliefs for medication use in the absence of symptoms 

is necessary for compliance.(85) 

  Unson and colleagues interviewed post-menopausal women in the 

context of six focus groups.(135) As predicted by the health behavior models 

previously discussed, willingness to take or consider taking medication to prevent 

osteoporotic fracture was often expressed contemporaneously with concern regarding 

the risk of and morbidity due to fractures, and faith in the efficacy of reducing those 
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risks. Skepticism regarding medication to reduce osteoporotic fracture was associated 

with doubts regarding the physician’s assessment of their fracture risk or knowledge of 

the proposed medication. Concerns were also raised regarding unknown risk of harm 

especially with long-term use, and lack of understanding of how they actually work to 

reduce fracture risk. Discomfort with medication use was also associated with a view 

that they are “unnatural substances”. 

 Britten’s interviews with 30 general practice patients (not selected for diagnosis) 

in the United kingdom, revealed similar themes regarding medication 

representations.(136) Self-reported compliance was associated with trust in both 

physicians and in the intrinsic safety of medications. Self-reported non-compliance was 

associated with substantial concerns regarding safety with long-term use (especially 

regarding possible carcinogenicity), discomfort with use of medications as “unnatural 

substances” (one participant described medications as “an alien force”), and fears 

about either having one’s health status being too dependent upon medication. This 

study also revealed a sense of shame at having to take medication among some 

participants, suggesting that an unfavorable social identity is associated with 

medication use for some. 

 Conrad’s interviews of patients with epilepsy reveal how difficult these 

conflicting feelings can be for patients with conditions that truly require intervention for 

adequate social functioning.(137) Use of medication in this instance for many patients 

is viewed as a “ticket to normality”. On the other hand, these patients also struggled 

with the sense of being dependent on them, and would often alter their dosages 

according to their perceived need in part to exert some control over the medication 

regimen. They also expressed fears about their social identity being defined in part by 

their disease label and need for medication. 

 The study of Adams and colleagues of asthma patients revealed that 

medication use can be resisted if in the mind of the patient this requires accepting a 

disease label that is strongly undesirable.(138) Those patients that refused to take 

inhaler medication on a regular basis to prevent asthma attacks viewed the label 

“asthmatic” as being associated with being weak, and socially ineffective and 

unattractive. These patients went to some lengths to hide their condition from others. 

Fears were also expressed about being too dependent upon medication to maintain a 
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sense of good health, and that daily use of medication involved ceding some control 

over their health status to the medication. 

 
Table 1-1: Facets of Negative General Medication Be liefs 

 
Study / 
Citation/ 

Diagnoses 

Fear / Concern 
 

Direct 
Harm* 

Dependence Loss of 
Social 
Identity 

Loss of 
Control over 

Health 
Management 

Artificiality 
of Meds 

Lack of 
Understanding 

How They 
Work 

Physician 
Overuse or 
Misuse of 
Medication 

Unson, et. 
al., 2003, 

Osteoporosis 

X    X X X 

Britten, 1994, 
General 
Practice 

X X X  X   

Conrad, 
1985, 

Epilepsy 

 X X X    

Adams, et. 
al., 1997,  
Asthma 

 X X     

Lin, et. al., 
2003, 

Depression 

X X X  X  X 

Donovan, 
1992 

Rheumatoid 
Arthritis 

 X  X X X  

Benson & 
Britten, 2002, 
Hypertension 

X X X  X  X 

Horne et. al., 
1999, Renal 
Failure or MI 

X X  X X X X 

*Especially with long-term or continuous use 

 
 Among patients with rheumatoid arthritis, concerns regarding the artificiality of 

medications, loss of control over management of one’s health status, and risks of harm 

are also common.(77) These patients also expressed concern over being too 

dependent upon their medication. Compliance was associated with more detailed 

understanding regarding how the medications actually work to improve their health 

status and how they would be monitored to ensure their safety. 

 More recently, Benson and Britten have conducted interviews with 38 patients 

with hypertension from two general practices in the U.K. While these patients did not 

directly indicate concerns regarding ceding control of their health status to medication, 

they did nonetheless express a concern regarding becoming dependent on 
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medication1, thus compromising their social identity. These patients also expressed 

fears of long-term harm from medication, and concern that physicians excessively 

recommend medications for medical problems. 

 Finally, Horne and colleagues conducted their own qualitative interviews of 35 

patients who either had suffered a recent myocardial infarction or were on chronic 

hemodialysis. All of the themes noted above, save one, were expressed by some of 

these patients, including fears of unknown risks from medications, being dependent 

upon them, physicians being too eager to prescribe them, lack of understanding of how 

they work to reduce the threat of the target condition, the artificiality of medications, 

and the sense of loss of control over their health management when using medication 

according to a set prescribed schedule. Compromised social identity was not 

specifically identified as a concern among these patients, although it is possible that 

concerns regarding becoming dependent upon medications and ceding control of one’s 

health status to medications for some people are related to their vector of social 

identities. 

 In summary, these qualitative studies do confirm the importance of the 

constructs of perceived threat from the target condition and self-efficacy in executing 

medication use in one’s daily life. They also, however, highlight the potential 

importance of negative beliefs and representations regarding medications for 

medication compliance.  

 

 Measurement of Beliefs Regarding Medication Necessity and Concerns  

 Four measurement instruments regarding medication beliefs and attitudes have 

been constructed, for which some psychometric testing has been done. The Health 

Belief Indices were constructed by Jette and colleagues to specifically operationalize 

for measurement the constructs of the Health Belief Model.(139). The domain 

specifically pertaining to medication attitudes, Perceived barriers to Taking 

Medications, consisted of four items asking respondents how likely they would stop 

taking medication recommended by their physician under four conditions; the 

                                                 
 1Dependence in all of these interviews does not really refer to addiction per se, although participants in 
many of these studies also expressed fear of that as well. While none of the authors of these studies 
explicitly define what they mean by dependence, from the transcribed comments of many patients, it 
appears to define a sense that one cannot function or carry out one’s social roles without them, and also a 
tendency to look to medication too readily as a solution to problems. It seems, therefore, probable that 
fears of dependency might be correlated with fears of compromised social identity. 
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medication cost a lot, they felt worse when taking it, use of the medication was hard to 

fit into their daily routine, or if they had read the use of the medication might be 

dangerous. Lin and colleagues have developed a 12-item disease-specific instrument 

to assess attitudes regarding anti-depressant medication.(140) This scale includes 

items that assess the degree to which respondents feel that medications are overused, 

represent a “crutch” that individuals should be able to do without, and should not be 

taken long-term. The scale includes items regarding attitudes toward anti-depressant 

medication compared to non-medicinal approaches such as exercise and nutrition, and 

also regarding the effectiveness of medication in preventing depression relapse.  

McDonald-Miszczak and colleagues have developed a survey instrument 

consisting of three domains designed to assess constructs postulated to be important 

to medication compliance.(141) These three constructs are ability to deal with health 

professionals (who are prescribing their medications), confidence in one’s memory to 

remember to take medication, and attitudes regarding medication. The authors were 

primarily concerned with self-assessed efficacy in each of these areas, and hence the 

scale for the medication attitude domain assesses primarily self-assessed confidence 

that the medication will be efficacious, that the dosage is correct, and the 

appropriateness of the medication for their condition (appendix 2). This domain does 

also includes items regarding side-effect experiences, nervousness about taking 

medication for a long period of time, fear of side effects, and concern regarding 

complexity of the medication regimen. 

 The best developed general survey instrument regarding medication 

perceptions is the Beliefs About Medications Questionnaire (BMQ) developed by Horne 

and colleagues from an pool of 34 items, comprising statements regarding the 

necessity of medication that specifically had been prescribed, concerns regarding 

those same medications, general concerns regarding overuse of medications and 

excessive prescription of them by physicians, and concerns regarding general harm 

from medications.(142) These items were constructed based on the qualitative focus 

group studies reviewed in previous section of this paper, including the focus groups of 

a total 35 patients who had had a myocardial infarction or who were on hemodialysis 

that Horne’s research team themselves interviewed. These items were then 

administered to 120 patients with cardiac disease, and exploratory principal 

components analysis carried out. Exploratory factor analyses revealed four separate 
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factors, two regarding medications respondents had personally been prescribed by 

their physicians, and two regarding medication in general. The two specific factors 

were Specific Necessity (how necessary they viewed use of their medication so to be 

to maintain their health status), and Specific Concerns (how concerned they were 

about potential harm that may accrue from use of their current specific medicines). The 

two general factors were labeled General Overuse (assessing respondents belief that 

medications are overprescribed by physicians and overused by patients), and General 

Harms (assessing respondents beliefs that medications are inherently dangerous or 

unsafe). 

 The Specific Concerns scale appeared to have been most consistently reliable, 

with Cronbach’s alpha ranging from 0.63 in psychiatric patients to 0.80 in diabetic 

patients. The Specific Necessity scale had good internal consistency reliability 

(Cronbach’s alpha 0.74 or higher) with the exception of hemodialysis patients, for 

whom Cronbach’s alpha was only 0.55. The General Overuse scale also showed good 

internal consistency reliability in all groups except one, with Cronbach’s alpha being 

0.60 among General Medicine poor internal consistency reliability in three of the six 

groups (Cronbach’s alpha values of 0.47, 0.51, and 0.51 in asthmatic, cardiac, and 

general medicine patients respectively). No one item appeared to be responsible for 

any of the suboptimal results in any of the subgroups. 

 Horne and colleagues have subsequently demonstrated nomological validity of 

the Specific Necessity and Concerns subscales in the cardiac, hemodialysis, and 

asthma subsets, as well as an additional cohort of oncology patients.(143) A 

Necessity-Concerns difference score was calculated by subtracting the raw Concerns 

score from the raw Necessity score. The Specific Necessity scale scores correlated 

with self-reported compliance rank in all groups except the hemodialysis patients. The 

Specific Concerns and the Necessity-Concerns differential appeared to be highly 

correlated in all four groups.2   

 In more recent years, perceived necessity for medication and medication 

concerns have also been shown to be associated with compliance with daily inhaled 

glucocorticoid medication to control asthma,(144, 145) and with anti-retroviral therapy 

among patients with acquired immune deficiency syndrome (AIDS).(146, 147)  For 

                                                 
 This statistical analysis may be invalid, however. They acknowledge that their self-reported adherence is 
ordinal, and explicitly use self-reported adherence rank, yet reported Pearson correlation coefficients 
rather than using the non-parametric Spearman correlation test.  
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those with asthma, perceived necessity explained 15.8% of the variance of self-

reported compliance with glucocorticoid inhaler use.(144) 

 Presumably, perceived necessity of medication to treat a target condition would 

be present only if patients perceived that they were susceptible to the adverse 

consequences of that target condition, and that those consequences were sufficiently 

serious to warrant action on their part to lower their risk. On the other hand, perceived 

susceptibility to significant adverse consequences of a target condition might not lead 

to perceived necessity for medication if that person perceived that there were adequate 

non-medicinal ways to lower their risk. In this way, perceived susceptibility may be a 

necessary but insufficient condition for medication to be perceived necessary to reduce 

one’s risk of adverse health events related to a target condition. 

 

Barriers to Utilization of Medication 

Costs 

Financial out of pocket cost of medication is well documented to be one of 

the most important barriers to their prescribed use, at least among low-income 

populations. Cross-sectional studies have generally shown an association between 

extent of prescription drug coverage and utilization of medication to treat 

hypertension,(148, 149) diabetes mellitus,(150, 151)  cardiovascular disease,(152) 

reactive airways disease,(153) hyperlipidemia,(151, 152, 154) and 

depression,(151) but not necessarily among those with epilepsy,(151) congestive 

heart failure,(151) or following a myocardial infarction.(155) Longitudinal quasi-

experimental studies following cohorts of patients through changes in their out of 

pocket medication cost burden have generally found that elimination of 

coverage(151, 156, 157) or moderate to high increases in copay or co-

insurance(158-164)  have been associated with reduced utilization of medication. 

Surveys of several cohorts have shown that 7 to 20% have self-reported 

discontinuation or reduction of their medications due to cost, with cost-related 

medication reductions more likely among women, those with low income, higher out 

of pocket monthly drug cost burden, and minority populations.(165-173)  Providing 

medications free of charge following renal transplantation,(174) those with diabetes 

mellitus,(175) and indigent patients with heart disease(176) significantly improved, 

but did not eliminate, non-compliance.   
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Drug cost burden, especially among low-income patients, has been shown to 

be associated with increased nursing home admissions among the elderly(177) and in 

some studies with an increased risk of hospitalization,(178) confirming that it is an 

important predictor of medication non-compliance. Nonetheless, a substantial 

proportion of non-compliance may not be explainable by drug cost burden. First, even 

when medications are free of charge or available at minimal out of pocket cost, 

persistence with anti-rejection drugs among renal transplant recipients(174) and with 

statin drugs among those with hyperlipidemia(26) have been as low as 50% at one 

year. Second, even among patients with significant co-pay or co-insurance, cost 

burden may not be the dominant concern patients have about being on chronic 

medications.(179)  Third, some patients choose to cut back on other expenses rather 

than their medications even when their out of pocket medication costs are 

significant.(167, 171) Fourth, when patients do cut back medications on account of 

cost, by self-report they are selective regarding which ones they do cut back, also 

considering their perception of the threat the target condition(s) pose to their health, 

and the perceived effectiveness of each medication.(169)  Finally, patient’s may be 

more likely to comply with medications in spite of some perceived medication cost 

burden if they have substantial trust in the prescribing physician.(180) These studies 

suggest that the interaction of medication beliefs with drug cost burden may be a 

significant predictor of medication persistence and compliance.   

Regimen complexity 

Regimen complexity has generally been operationally defined simply as the 

number of medication doses per day.(181) Almost without exception, compliance 

appears to decrease as the number of doses per day increases.(181-187) In other 

words, compliance with once daily regimens are better that twice daily regimens, which 

in turn appear to be easier to adhere to than three times daily regimens, and so on.  

Given that so many patients, especially among the elderly, are also on multiple 

medications, regimen complexity could conceivably also be defined as the number of 

medications per day, or as the product of daily doses and daily medications. The 

association of the number of prescribed medications with compliance is much less 

clear, however, with studies either showing a negative association,(188) a positive 

association,(37) or no association(189, 190) between the number of prescribed 
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medications and medication compliance. On the other hand, when two medications are 

prescribed for the same condition, compliance to a fixed combination of the two in one 

tablet or capsule may be better than compliance to the medications given 

separately.(191) Among patients with acquired immune deficiency syndromes, an 

additional dimension of regimen complexity is the need to time medication with food or 

the absence of food, and this has also been associated with reduced medication 

compliance.(186, 187, 192) 

Specifically among those with osteoporosis, compliance with once weekly 

bisphosphonates is better than with once daily bisphosphonates.(31, 38) Additionally, 

compliance with once monthly ibandronate (just released on the market in 2006) may 

be better than once weekly alendronate.(193) 

Social Support 

Several other factors may play either impede or facilitate medication 

compliance. Social support has been in general associated with better health 

status,(194, 195) and DiMatteo has postulated that compliance to medical treatment 

regimens may be an important mediating factors between social support and health 

status.(196) Emotional and informational social support have been shown to be of 

importance in compliance to a wide variety of health behaviors, including keeping 

physician appointments, maintaining dietary compliance, use of insulin blood glucose 

testing among those with diabetes mellitus, and medication compliance.(196, 197) 

Instrumental social support, that is actions on the part of others that directly facilitate 

one’s medication use behavior (such as putting medications out or giving reminders to 

take the medication) has been most consistently and strongly associated with 

compliance.(196) This may be particularly important to sustain compliance among 

cognitively impaired or frail elderly.(198, 199) Structural social support, operationally 

defined as living with someone or being married, is positively associated with 

compliance to medical treatment, as are measures of family cohesiveness.(196) 

Few studies have assessed the association of social support with medication 

compliance exclusive of compliance to other behaviors such as keeping provider 

appointments. Most of these have found a positive association between compliance 

and social support, but in general have modeled social support as a unidimensional 
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concept without attempting to distinguish emotional, informational, instrumental, and 

structural aspects.(200-205) 

Medication use self-efficacy 

Self-efficacy, defined as the belief that one is capable of action that can result in 

favorable outcomes, in general has been linked to better health status.(206) Self-

efficacy is linked to a sense of personal behavioral control, more optimistic outcome 

expectancies, higher motivation to act, and greater effort to achieve the target 

behavior/outcome. Self-efficacy has in particular been studied with respect to health 

behaviors such as diabetes self-care,(207, 208) avoidance of addictive substances, 

dietary compliance, and avoidance of risky sexual behavior.(206) With respect to 

medication compliance, higher self-efficacy with respect to compliance to complicated 

medication regimens to treat acquired immune deficiency has been associated with 

subsequent actual compliance to the regimen.(186) Among those with osteoporosis, 

medication use self-efficacy has been associated with self-reported compliance with 

medications to reduce risk of fracture.(209) 

Other Barriers/Facilitators of Medication Compliance 

Poor memory or cognitive impairment,(210-215) and regimen complexity,(181, 

213, 216-219) have been shown to be associated with non-compliance. Even modest 

impairment of executive cognitive function among the elderly has been shown to be 

associated not only with significant difficulty executing appropriate medication use 

behavior, but also with a lack of recognition of that difficulty.(77) Only a couple(220, 

221) of several studies(212, 222-224) have found competing demands from co-morbid 

medical conditions to adversely affect medication compliance, independent of the 

number of prescribed medications and regimen complexity. Depression, however, is 

the one co-morbid condition that consistently has been shown to adversely affect 

medication compliance in those with diabetes mellitus,(225-229) and other chronic 

disorders.(173, 230)  

Demographic factors such as age, marital status, and education level have 

been generally been found to be either unrelated to medication compliance or to 

explain only a very small proportion of the phenomenon.(154) Many studies within the 

United States have found lower rates of compliance among African-Americans than 

Caucasians,(26, 154, 231, 232) but others have not.(183, 233, 234) 
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Gaps in Current Knowledge  

There are several important gaps in our current base of knowledge regarding 

the relationship between attitudes regarding medications and medication compliance. 

First, it is not clear how strong the relationship is between medication attitudes and 

compliance, relative to other variables such as the relationship with the prescribing 

physician, drug costs, and medication regimen complexity. Moreover, even if 

medication beliefs are only weakly associated with compliance relative to other 

predictors such as side effects, drug costs, and perceived target condition threat, 

interactions between medication beliefs and these variables may be important 

predictors of compliance. Second, while trust in one’s physician is associated with self-

reported compliance,(79, 85) the degree to which trust in the prescribing physician 

influences medication compliance independent of medication attitudes (or in spite of 

negative medication attitudes) is unclear. In other words, will patients adhere to 

medication in spite of negative concerns regarding them if it is recommended by a 

physician in whom they have a substantial degree of trust? On the other hand, perhaps 

trusted physicians improve their patients’ medication compliance specifically by altering 

their patients’ medication attitudes, in which case one would expect any association 

between the patient-provider relationship quality and medication use behavior to be 

mediated by these variables. 

Third, the relationships between medication beliefs, knowledge regarding the 

health consequences of fractures, objective indicators of actual fracture risk, and 

compliance with fracture prevention medication is unknown. For example, if those 

whose medication attitudes are such that they choose to be non-compliance are also 

less informed regarding the risks and consequences of the diseases the medications 

are intended to treat and/or have attitudes regarding their fracture risks and fracture 

prevention medications that not are not realistic, then better targeted education 

regarding those risks and consequences may still be fruitful. On the other hand, if 

those who are non-adherent with medication appear to understand overall the risks of 

and consequences of the diseases those medications are designed to ameliorate, then 

medication non-compliance in that situation can justifiably be considered to represent 

informed decisions.(77, 235) Moreover, one can have accurate knowledge in general 

regarding asymptomatic conditions such as hypertension, and still believe that one’s 

own risk for complications of those conditions are low. For example, Meyer and 
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colleagues documented instances of nurses quite knowledgeable that symptoms do 

not accurately reflect blood pressure who nonetheless thought that they could tell when 

their blood pressure was elevated (that they were, in essence, an “exception to the 

rule”).(236) The degree to which disease knowledge and beliefs regarding personal 

susceptibility are discrepant bears further investigation. 

Fourth, predictors of medication non-persistence due to side effects may differ 

from non-persistence for reasons other than side effects, and both of these sets of 

predictors may be different from predictors of compliance among those who still have a 

current oral bisphosphonate prescription. Studies to date have conceptualized side 

effects as a cause of non-persistence per se. However, a “side effect” requires both the 

occurrence of an adverse event and a causal attribution of that event to the drug in 

question. Those with prior bad experiences with medications and/or concerns about 

the long-term safety of medications may be much quicker to attribute adverse events to 

a prescription drug.  

The definition of non-persistence itself implies that this is a product of a 

deliberate decision-making process. Among those who have not deliberately stopped 

their medication, non-compliance can be either intentional or non-intentional.(211, 237) 

Hence, further investigations regarding the similarity and differences of predictors with 

these different aspects of medication use behavior may shed further light on how 

patients make decisions about their medication use, and guide strategies to encourage 

appropriate use of medications to reduce adverse health events.  

 

Specific Aims  

The principal aims of this cross-sectional retrospective study of a cohort of individuals 

diagnosed with osteoporosis are as follows. 

 

1. Estimate the association between perceived necessity of fracture prevention 

medication and self-reported persistence due to side effect, self-reported 

persistence for reasons other than side effects, and self-reported non-compliance 

with oral bisphosphonate therapy. 

2. Estimate the association between concerns about the long-term safety of and 

dependence upon medications in general and self-reported persistence due to side 
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effect, self-reported persistence for reasons other than side effects, and self-

reported non-compliance with oral bisphosphonate therapy. 

 

The secondary aims are as follows; 

1. Estimate the association between medication use self-efficacy and self-reported 

persistence due to side effect, self-reported persistence for reasons other than 

side effects, and self-reported non-compliance with oral bisphosphonate 

therapy. 

2. Estimate the association between objective indicators of fracture risk (bone 

mineral density, prevalent vertebral fracture on lateral spine imaging, personal 

history of fracture, and family history of fracture) and self-reported oral 

bisphosphonate non-persistence and non-compliance. 

3. Estimate the association between objective indicators of fracture risk (bone 

mineral density, prevalent vertebral fracture on lateral spine imaging, personal 

history of fracture, and family history of fracture) and perceived necessity of 

fracture prevention medication. 

4. Estimate the direct association of the patient –provider relationship quality with 

self-reported fracture prevention non-persistence, and the indirect association 

mediated through perceived need for fracture prevention medication, concerns 

about medications, and medication use self-efficacy. 
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Chapter 2: Research Methods, Survey Results, and La tent 
Variable Factor Analysis 
 

This chapter is intended to explain the structure of the survey instrument used 

in this project and to present a principal components analysis of the survey items 

intended to measure latent variables in the model. The variables assessed by medical 

record review will be explained in the context of the three papers to follow.  

 
Conceptual Framework  
  

The conceptual framework for this research proposal (figure 2-1 ) is based in 

part on an expanded version of a expectancy-value model of individual health 

behavior, the Extended Health Belief Model.(94, 95) Patients use of a medication is 

postulated to be strongly influenced their perceptions of the benefits and costs (both 

financial and non-financial) of taking that medication. Focus group research studies of 

patients with a variety of chronic diseases have shown that patients themselves tend to 

conceptualize their actual use of medication as necessary to achieve one or more 

health goals. In this study, the perceived net health benefits of medication use are 

operationally defined as the perceived necessity of medication for the target condition. 

The perceived necessity of medication is postulated to be driven in part by the 

interaction of two variables; their perception that they are susceptible to the target 

condition and the perceived severity of the target condition should it occur. Each of 

these is considered by themselves to be necessary but insufficient for an individual to 

perceive that a medication is necessary for their health, and hence the model 

postulates that the interaction between these two rather than their main effects, will be 

associated with the necessity for fracture prevention medication. 

Other expostulations of the Health Belief Model postulate perceived 

effectiveness of the medication to treat the target condition as a predictor of medication 

use behavior. This is incorporated in the perceived necessity of fracture prevention 

medication in the model for this current project, and does not appear to be a separate 

construct, as will be demonstrated in the factor analysis that follows toward the end of 

this chapter. Usual representations of the Health Belief Model differ from the variation 

used in this project in that perceived benefits, barriers, and costs are postulated to be 

directly associated with health behavior, without the mediating variable of perceived 

necessity.  
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Perceived necessity for medication is also influenced by concerns about the 

long-term safety of and dependence upon medications. Concerns about medications 

are often generalized, in that individuals often think of all medications as having some 

general negative qualities. Given that perceived need for fracture prevention 

medication includes the belief that use of a medication is necessary to maintain or 

improve one’s health, concerns about the long-term harm of medications logically will 

have a negative association with those beliefs.  

Concerns about medication are also postulated to have a direct effect on 

medication use behavior for two reasons. First, this construct also includes the sense 

of dependence upon medications and the implicit negative effect of that dependence 

upon one’s overall sense of control over one’s health status and vector of social 

identities. These may not be considered to affect the necessity of medications per se, 

but nonetheless be a motivator not to use medication to address a particular health 

problem. Second, given that these constructs are latent variables and that our 

measurement of them are imperfect, there may be a portion of the effect of concerns 

on medication necessity that is not captured, that nonetheless appears as a direct 

effect on medication use behavior when the model is estimated 

Medication use behavior will, of course be influenced by the direct experience 

of side effects. Generally studies of medication compliance treat “side effects” as an 

independent predictor of medication use behavior. The experience of side effects 

themselves, however, requires both the occurrence of an adverse event and the causal 

attribution of that event to one or more medications. However, individuals may vary 

significantly in their proclivity to conclude that an adverse event is due to one or more 

of their medications. In this study, non-persistence with fracture prevention medication 

was conceptualized as non-persistence due to side effects, non-persistence for 

reasons other than side effects, and non-persistence for any reason. Experience of and 

perceived severity of side effects was not directly assessed. The most common side 

effect from oral bisphosphonate medication to prevent osteoporotic fractures is 

stomach upset, and a history of or current gastric acidity disorder is therefore 

postulated to have a direct effect on medication use behavior. Prior adverse drug 

reactions, indicative of personal bad experiences with medications, may logically 

strengthen an individual’s proclivity to attribute an adverse event to one or more of their 

medications, and hence the number of medications to which a person has had adverse 
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events is postulated to be a predictor of medication use behavior, especially non-

persistence due to side effects. 

Perceived susceptibility to and severity (health consequences) of fractures are 

postulated to be driven by both personal and family history of fractures. Similarly, low 

bone mineral density and prevalent vertebral fractures are postulated to affect an 

individual’s perceived susceptibility to and severity of fractures. General knowledge of 

the high prevalence of osteoporosis and the health consequences of fractures is also 

perceived to influence perceived personal susceptibility to and severity of fractures. At 

first glance, it appears that knowledge of the health consequences of fractures and 

perceived susceptibility to fractures would be part of the same construct. However, the 

knowledge questions are general (such as “do hip fractures permanently affect a 

person’s ability to walk?”) whereas the fracture susceptibility questions are specific for 

that person (“a hip fracture would have serious permanent consequences for my 

health”). An individual can believe that hip fractures are in general associated with 

serious health consequences, but that one would be relatively except from those 

consequences should a fracture occur on account overall health, how well one takes 

care of oneself, or genetic constitution. 

Patients’ perceptions of their relationship with their physician are postulated to 

influence their medication use behavior in three ways. First, physicians potentially have 

substantial influence over the level of knowledge that patients have about the target 

condition and the adverse health consequences of that condition as well as about the 

medications themselves. Physicians are also postulated to have substantial influence 

over the degree to which patients view their susceptibility to the consequences of the 

target condition, how severe they believe those consequences would be for 

themselves personally, and patient beliefs in the efficacy of the proposed medication. 

Their acceptance of and belief in the advice and education that they receive regarding 

the threat to their health from the target condition and the risks and benefits of the 

proposed medication to reduce that threat will be influenced by their trust that the 

physician is competent and knowledgeable about osteoporotic fractures, is truly is 

concerned about their welfare, involves them in the decision-making process regarding 

management of their health status, and openly communicates the information 

perceived by the patient to be necessary to make an informed choice regarding use of 

the proposed medication.  
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Figure 2-1: Conceptual Model of Medication Use Beha vior in Osteoporosis 
(Medication Attitude Variables in Black, Others in Blue)   
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medication use self-efficacy, and perceived medication cost burden  
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Medication use behavior will also be influenced by other facilitating or inhibiting 

factors, such as sense of self-efficacy in medication use, perceived medication cost 

burden, perceived instrumental social support, and medication regimen complexity. 

Generally, co-morbidity has not been shown to be associated with medication use 

behavior, with the exception of depression. and depressed mood. Finally, experience 

of actual medication use will influence both medication perceptions (such as through 

the direct experience of side effects). 

 
Operational Definitions of Concepts for Measurement  
 

The latent variables in the model were assessed by a mailed survey. The items 

used in the survey (Appendix A ) were pre-tested by Dr. Schousboe with the 

assistance of Elizabeth Kind, RN, a survey researcher at Park Nicollet Institute. The 

pre-test consisted of going over the survey individually with five patients to be sure that 

all questions were clear and being interpreted by these respondents as intended.  

 

 Medication Persistence and Compliance 
 

The primary dependent variables in this cross-sectional study will be self-

reported medication persistence and compliance (Table 2-1 and Appendix A ). 

Persistence is defined as not going more than one entire month without medication, 

whereas compliance is defined as an ordinal variable; missing none, or 1, 2, or 3 doses 

of medication for osteoporosis the prior month. This self-report compliance measure is 

based on the regimen screen of the Brief Medication Questionnaire, developed by 

Svarstad and colleagues.(238) The overall persistence score will be a dichotomous 

variable, as either persisting with medication or not persisting either for side effects or 

other reasons to suit their needs. Similarly, overall compliance score will be the sum of 

number of times in the past month that medication for osteoporosis has been forgotten 

or foregone for other reasons. 

Patients by and large over-report their compliance to medications, and hence 

the sensitivity of self-report for non-compliance established by refill records, pill counts, 

or pharmacy refill records in general is suboptimal,(238-243) and self-reported 

compliance correlates poorly to moderately with other methods such as pill counts, 

pharmacy refill records, and electronic pill cap monitoring.(244-246) However, the 

accuracy of self-report relative to other methods such as pill counts and electronic pill 
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cap monitoring can be improved by using diaries or questionnaires as opposed to 

interviews (either via telephone or face-to-face), using non-judgmental language that 

does not connote a social expectation of compliance such that the incentive to over-

report for reasons of social desirability is lessened.(245) Second, self-report 

compliance measures that ask respondents to estimate their use of medication over a 

recent brief period of time (e.g., over the most recent week) may be more accurate 

than measures that attempt to assess compliance over a longer time span.(247, 248) 

Svarstad and colleagues devised the Brief Medication Questionnaire, which asks 

patients to write in a list the medications they have used over the past seven days, how 

many days they took each medication, how many times a day they took it, how many 

tablets they took for each dose, and how many doses they had missed or skipped. In a 

small cohort of 20 patients treated with 3 or more medications for hypertension or heart 

failure, this measure was 80% sensitive and 100% specific for non-compliance, defined 

as consumption of less than 80% of prescribed doses as determined with electronic pill 

cap monitoring.(238) In another cohort of 236 patients who had been on a medication 

for hypertension for at least six months, those who self-reported missing two or more 

doses during the past week had estimated compliance by electronic pill cap monitoring 

of 61% over a three month period (interquartile range 47%-85%), those who self-

reported missing one dose had an estimated compliance of 90% (interquartile range 

81%-100%), and those who self-reported missing no doses had an estimated 

compliance of 99% (interquartile range 90% to 109%).(247) The participants in this 

study were highly educated and were more likely than average to adherent (since they 

had to have evidence of anti-hypertensive use for six months to qualify for the study) 

and hence whether or not this self-report measure would be as accurate in other 

populations is unknown. 

As a validity check on the self-report persistence measure, documentation of 

stopping a fracture prevention medication and not prescribing the same or a different 

fracture prevention medication for more than one month after that stop date was 

sought from review of the electronic medical record, and the agreement between 

overall self-reported non-persistence and medical record non-persistence will be 

assessed by the kappa statistic. Similarly, we will have available pharmacy claims for a 

small subset of the study population that uses HealthPartners insurance for their 

pharmacy benefits. From these records, the Medication Possession Ratio (MPR) was 
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calculated, which is the number of tablets dispensed between the first and last fills 

divided by the number of tablets the patient would have obtained under the assumption 

of 100% compliance.(241, 249, 250) Non-compliance was defined as an MPR < 0.80, 

and the agreement between non-compliance from pharmacy claims and self-reported 

non-compliance (defined as a self-report of missing one or more oral bisphosphonate 

doses within the past month) was assessed by kappa statistic 

Changes to medication within the same class (e.g., changing from one anti-

resorptive medication to prevent osteoporotic fracture to another) will be considered to 

be a continuation of same medication. The separate classes of medications are listed 

in appendix A. Since many medications are dispensed with a three month supply at a 

time, a 15 month follow-up period will be used in order to estimate low levels of 

compliance during the latter part of first 12 months of the follow-up period. This variable 

will include only prescription medication and will exclude those taken over the counter, 

since utilization of over the counter medications cannot be adequately tracked. Since 

refill records are not a precise measure of how many doses the individual has taken 

(particularly for the last prescription filled), this will be modeled as a four level ordinal 

variable. 

 
 Primary Independent Variables 
 

Perceived Harm From and Overuse of Medication (Medication 
Concerns) 
 

The perception that medications are in general harmful and overused will be 

assessed by a 15 item scale, 12 item of which are the Medication Concerns Scale 

developed from our preliminary pilot study plus three additional items. Two key 

advantages of this scale over the specific concerns subscale of Horne and colleagues 

are first that it assesses the additional component of concerns regarding medication 

that they are overused, and second that it has been subjected to analyses using item 

response theory models and appears (in those with osteoporosis) to have good 

measurement properties across the range of the latent construct. However, we are 

currently pre-testing three additional items (last three items) that also assess the 

degree to which a person feels that their personal identity is compromised by having to 

take medication. The factor structure of the original 12 item instrument, and also of all 

15 items together was checked.  
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  Perceived Necessity of Medications  

The necessity subscale of the BMQ does have good internal consistency 

reliability among those with osteoporosis (Cronbach’s alpha 0.85) (unpublished data). 

Since osteoporosis is asymptomatic until and unless a fracture occurs, two of the five 

items of the BMQ necessity subscale (such as “my life would be impossible without my 

medicines”) lack face validity when considering their osteoporosis medication alone. 

The remaining three items of the necessity subscale still have reasonable internal 

consistency reliability (Cronbach’s alpha 0.75) among those with osteoporosis. Four 

additional items specifically worded to assess participants perceptions that medication 

reduces that risk of fractures will be added to those three to assess perceived 

necessity of medication in the cohort with osteoporosis. 

 

  Relationship with Prescribing Physician 

The perceived relationship with the physician prescribing medication for 

osteoporosis will be assessed for the diabetes and osteoporosis cohorts, 

respectively, with three scales. The first is the 11 item Trust in Physician scale that 

assesses the perceived degree that the physician truly cares about the patient and 

puts his or her needs first, confidence in the physician’s judgment and competence, 

and the degree to which the patient is willing to follow the advice of that physician. 

Freburger and colleagues showed this scale in factor analyses to be unidimensional, 

and to have good internal consistency reliability in a mixed population of patients with 

rheumatoid arthritis, osteoarthritis, and fibromyalgia (Cronbach’s alpha equal to 

0.87).(251) Thom and colleagues have shown unidimensionality and excellent 

internal consistency reliability (Cronbach’s alpha equal to 0.89) in consecutive 

primary care patients.(88) 

Two specific aspects of patient-provider communication will be also assessed. 

The first is how open the communication is with the physician from the patient’s 

perspective. This is postulated to directly influence the perceived benefits and risks 

regarding medicinal therapy for osteoporosis at the end of the medical encounter. 

Open communication will be assessed with a five item scale developed by the 

American Board of Internal Medicine that has been shown by Heisler and colleagues 

to have a Cronbach’s alpha of 0.93.(80)  Open communication has been shown to be 

correlated with self-reported compliance to medical treatment recommendations by 
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Hausman(79). The second is the patient’s perception of the congruence between 

themselves and their physician regarding how medical decisions about their care are 

made. We will first ask the degree to which they themselves exercise decision 

making power in the relationship with their provider, and then assess their level of 

satisfaction with that arrangement. 

 Instrumental Social Support 

Instrumental social support refers to specific actions taken by other individuals 

in one’s social network that practically is of aid. For example, organizing medications 

for the following week into a pill organizer for a frail family member would be an 

instance of instrumental social support. In our study, we will use an English translation 

of four items of the original 6-item subscale of Dobbels and colleagues to assess 

instrumental social support for medication use behavior.(200)  

 

 Self-Efficacy Regarding Medication Use Behavior 

Even when individuals intend to take medication, there is nonetheless variability 

in the confidence that individuals have to remember to take medication and execute 

that behavior in the context of their daily task environment. Self-efficacy refers to the 

belief that one is capable of achieving or carrying out a behavior or role performance to 

achieve a desired goal.(252) Self-efficacy has been shown to be associated with a 

variety of health behaviors.(209, 253) Seven items from the self-efficacy for medication 

compliance scale (validated in patients with osteoporosis) of Resnick and colleagues 

will be used to measure this concept.(209) However, after pre-testing this instrument 

among five patients with osteoporosis, we have changed the scale from a visual 

analogue to a Likert scale. 

 Depression 

 We originally considered depression, conceptualized a co-morbidity, to be 

important only as a control variable. Because the time of interest with respect to 

medication use behavior was the prior 18 months, we wanted to emphasize 

assessment of self-reported depression within that time period, reasoning that 

depression even for a transient period during that time period conceivably may affect 

medication use behavior We chose to use the 3 item depression screening subscale of 

the SF-36D, a variation of the SF-36, because two of the three items specifically 

assess depressed mood within the past year and within the past 2 years.(254)  
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 Disease Knowledge 

A key question corollary question is whether negative attitudes toward 

medication are associated with poor knowledge regarding the target disease and its 

impact on health status. Existing measures of patient osteoporosis knowledge tend to 

assess knowledge of risks factors for low bone mass, rather than knowledge regarding 

risk of and consequences of fractures.(26, 124, 255)  We believe that knowledge of the 

latter factor is more germane to decision making regarding medication use to prevent 

fractures. Hence, we constructed a separate 9 item questionnaire, and pre-tested this 

in a convenience sample of recognized experts within the field of osteoporosis to be 

sure that there is very strong consensus regarding the correct and incorrect answers to 

each item. The convenience sample consisted of 13 researchers in the field of 

osteoporosis attending the annual Steering Committee meeting of the Osteoporotic 

Fractures in Men (MrOS) Study in November, 2006.  

 Perceived susceptibility to and severity of osteoporotic fractures  

 This was assessed by the three items of the four item instrument of Gerend and 

colleagues, validated in a sample of post-menopausal women. This consists of two 

items asking for their perceived susceptibility qualitatively to fracture within the next 10 

years, and a third one asking for an actual percentage estimate of their fracture risk 

within the next 10 years. The fourth item asks them to compare their risk to other 

women their age. A very similar instrument, assessing how susceptible post-

menopausal women feel susceptible to osteoporosis, has been shown by Gerend and 

colleagues to be unidimensional.(256, 257) We have revised this to assess perceived 

susceptibility to osteoporotic fracture, and dropped on item because in our pre-test with 

five individuals with osteoporosis will re-establish its dimensionality and measurement 

properties. Perceived severity (health consequences) of fractures will be assessed by 

three ad hoc items constructed for this study. 

 Number of Prescribed Doses per Day 

   This will be included as a surrogate measure of medication regimen 

complexity, and will be determined from survey self-report. This can be considered a 

potential barrier to execution of medication use behavior (Appendix A ) 

 Perceived Out of Pocket Medication Cost Burden 

  The degree to which the patient perceives out of pocket costs to be a 

financial burden will be assessed by one item (appendix A ) 
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  Patient Characteristics  

The survey will also assess the following   

• Sex 

• Disease Duration (osteoporosis)  

• Self-reported prior fracture of the spine, hip, pelvis, wrist, or humerus (upper 

arm) 

• Self-reported prior fracture of the hip or spine in a first degree relative (parent or 

sibling) 

• Income level 

• Educational attainment 

The table on the following two pages summarizes these variables and how they 

will be measured. For many the choice of modeling them as ordinal or as interval level 

variables will depend on their distribution and their scaling properties as demonstrated 

in our study populations. 

 

Study Population 

 The inclusion criteria were as follows; 

1. Age greater than 21 and less than 85. 

2. Signed Park Nicollet general consent allowing for use of medical records for 

research. 

3. Diagnosis of osteoporosis (733.0x). 

4. Commencement of oral bisphosphonate medication (alendronate or 

risedronate) for osteoporosis between the dates of July 1, 2005 and June 30, 

2006, according to the Outpatient Medication section of the Park Nicollet 

electronic medical record. 

5. Evidence of a care visit within the last six months (to increase the probability 

that the person is still a client of our care system). 

 

 The exclusion criteria were; 

1. A diagnosis of dementia or use of medication (Aricept or 

Nemenda) to treat dementia. 

2. Use of parenteral fracture prevention medications during the 

study period of January 1, 2006 through March 31, 2007  
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Table 2-1: Operational Definitions of Variables in Conceptual Model  

 
Variable  

(Abbreviation) 
Definition/Description  Measurement  Data Type  

 
Medication 
Persistence 

 

Stopped medication for 
more than one month 

due side effects or other 
reasons 

Self-Report  Ordinal (2 levels) 

Medication 
Compliance 

Number of missing doses 
over the past month 

Self-Report Ordinal (5 levels) 

Medication 
Concerns  

Perception that 
Medications are Harmful 

Self-Report 
Likert Scale 
(15 Items) 

Ordinal or Interval 

Necessity  
 

Perceived Necessity of 
Medication 

Self-Report 
Likert Scale (7 

Items) 

Ordinal or Interval 

Trust in Physician  Level of Patient’s Trust in 
Physician’s Care and 

Competence 

Self-Report 
Likert Scale 
(11 Items) 

Ordinal or Interval 

Provider Open 
Communication 

 

Patient Perceptions of 
Provider Communication 

Self-Report 
Likert Scale (5 

Items) 

Ordinal or Interval 

Congruence 
Regarding 

Decision Making 

Patient Perceptions of 
shared decision making 

by provider 

Self-Report 
Likert Items (2 

Items) 

Ordinal  

Perceived 
Susceptibility to 

Osteoporotic 
Fracture 

Degree to which patient 
feels susceptible to 

fracture 

Self-Report 
Likert Scale (4 

Items) 

Ordinal of Interval 

Perceived 
Severity of 

Osteoporotic 
Fractures 

Perceived severity of 
fractures should they 

occur  

Self-Report 
Likert Scale (3 

Items) 

Ordinal or Interval 

Depression 
 

Prior experience of 
depression over the past 

three years 

3 items        
(score 0-3) 

Ordinal 

Instrumental 
Social Support 

 

Reminders and help to 
take medication   

Self-report  
Likert Scale (4 

Items) 

Ordinal 

Medication Use 
Self-Efficacy 

Perception that one is 
able to execute 

medication use behavior 

Self-Report 
Rating (7 

Items) 

Ordinal or Interval 

Disease 
Knowledge 

Level of Knowledge of 
Disease Complications 

Self-Report  
(9 Items) 

 

Ordinal or Interval 

Out of pocket 
drug cost burden 

 

Perceived financial 
burden of out of pocket 

drug cost 

Self-report (1 
Item) 

Ordinal 
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Variable  
(Abbreviation) 

 

Definition/Description  Measurement  Data Type  

Bone Mineral 
Density 

 

Worst T-score of Lumbar 
Spine, Femoral Neck, 

Total Hip 

Medical 
Record Review 

Continuous/Interval 

Number of 
medication doses 

per day 

Number of daily doses 
for each medication, all 

added together 
 

Medical 
Record Review 

Interval or Ordinal 

Prevalent 
Vertebral 
Fracture 

Documentation in Report 
from Densitometric 
Lateral Spine Image 

Medical 
Record Review 

Categorical (3 
categories) 

Smoking Status Current, Past, or Never 
at time of Survey Mailing 

(Date closest to 
7/16/2007) 

Medical 
Record Review  

Ordinal (3 levels) 

Current 
Glucocorticoid 

Use 

Use of oral prednisone or 
equivalent for more than 
3 months during period 

1/1/06 – 3/31/07 

Medical 
Record Review 

Dichotomous 

History of 
Adverse Drug 

Reactions (ADRs) 

Number of Medications 
to which patient has had 

an ADR  

ADR Section 
of Medical 

Record 

Ordinal 

Proton Pump 
Inhibitor (PPI) 

Use 

Use of a PPI for more 
than 1 month during 

period 1/1/06 – 3/31/07 

Medical 
Record Review 

Dichotomous 

Personal history 
of fracture 

 

History of prior hip, wrist, 
spine, shoulder, or pelvis 

fracture 

Self report  
(1 Item) 

Dichotomous 

Family History of 
Fracture 

History of spine or hip 
fracture in 1st degree 

relative 

Self report (1 
item) 

Dichotomous 

Patient Age 
 

Years since birth date 
until year of survey return 

date  

Medical 
Record Review 

 

Interval 

Patient Sex 
 

 Medical 
Record Review 

Categorical 
(dichotomous) 

Monetary 
Resources  

 

Monthly Gross Income Self-report  
(1 Item) 

Ordinal 

Education Level Level of Formal 
Education 

Self-report  
(1 Item) 

Ordinal 

 

Factor Analysis of the Survey Items Assessing Laten t Variables 

 This dataset is from a survey and medical record review of patients given one 

or more prescriptions for oral bisphosphonate therapy at Park Nicollet Clinic between 
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the dates of January 1, 2006 and March 31, 2007. Candidate participants were those 

age 21 to 84 with one or more prescriptions for an oral bisphosphonate medication in 

the electronic medication record in this time period, who had had a clinic visit within 6 

months of the mailing date of the survey (to assure they were still receiving care at 

Park Nicollet Clinic) and did not have a diagnosis of dementia. 

Potential study participants were mailed the survey during the week of July 16 

through July 20, 2007. Those who had not returned the survey within two weeks were 

mailed a reminder postcard. Those who had still not returned the survey or called in to 

actively refuse participation were mailed a second survey one month later. Among the 

subset of survey respondents, 59% sent their survey back by July 31, and 97% had 

returned their survey by August 31, 2007. 

 Surveys were mailed to all 1179 individuals within the Park Nicollet care system 

who met all inclusion and exclusion criteria, and 807 were returned, and four surveys 

were returned as undeliverable. Fifty recipients called back actively refusing 

participation. Seven of the remaining non-respondents and 13 respondents were 

excluded because medical record review showed that they had received either 

intravenous bisphosphonate medication or subcutaneous teriparatide during the period 

January 1, 2006 through March 31, 2007, were deceased, had never been prescribed 

an oral bisphosphonate, or had documentation of dementia on further review of their 

medical record. Sixty-five were excluded because more than one-half of the items for 

one or more of the scales measuring predictor variables were not answered. The final 

response rate was 729 of 1159, or 62.9%.  

Complete data was present for 510 (70%) and for the remaining 219 

participants a mean 1.26 items (of a total of 57) per participant had to be imputed. A 

univariate imputation model for each missing item using all other items as predictor 

variables. A posterior distribution for each missing variable was created from these 

models, and a value for each missing datum was randomly selected from these 

distributions and imputed into the dataset. 

 

Principal Components Analysis  

  All of the survey items used in scales to measure latent variables in the 

model were subjected to factor analysis. This excluded the items in the “About You”, 

“Taking Osteoporosis Medicines” and “More About You”, and “Help Taking Your 
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Medications” sections of the survey instrument (Appendix A ).  The “Help Taking Your 

Medications” section was deleted because 58 individuals chose not to answer any of 

the items in the scale, and an additional 30 individuals answered only 2 of the 4 items, 

bringing into question the validity of this scale.  

Principal components analysis with orthogonal rotation was done for the 

remaining items. The scree plot is shown in figure 2.  This suggests a five factor 

solution might be best, there is also a slight further dip in the plot after 8 factors, and 

hence the factor structure of these items was examined forcing either a five factor or 

eight factor solution. 

Figure 2-2: Scree Plot of Survey Items from Princip al Components Analysis 
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Principal Components Analysis with Five Factors 

The rotated factor loadings of the survey items are shown below, with those 

loadings > 0.3 in blue. The items are labeled according to the title of the scale on the 

survey instrument (appendix A ) to which they are purported to belong. 
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Table 2-2: Factor Loadings of Items with Five Facto r Solution 
------------------------------------------------------------------------------- 
        Variable |  Factor1   Factor2   Factor3   Factor4   Factor5 |   Uniqueness  
    -------------+--------------------------------------------------+-------------- 
     Q1_CONCERNS |  -0.0251   -0.0798    0.6323   -0.0643    0.0209 |      0.5887   
     Q2_CONCERNS |  -0.1010    0.0759    0.5783   -0.1389    0.2470 |      0.5693   
     Q3_CONCERNS |   0.0113   -0.0649    0.5135    0.0130   -0.0534 |      0.7289   
     Q4_CONCERNS |  -0.2846    0.0474    0.5473   -0.1070    0.0725 |      0.6005   
     Q5_CONCERNS |  -0.3127    0.0771    0.6207   -0.1609    0.1121 |      0.4726   
     Q6_CONCERNS |  -0.1419   -0.0290    0.6002   -0.0734    0.0235 |      0.6128   
     Q7_CONCERNS |  -0.1084   -0.0254    0.5581   -0.0881    0.0614 |      0.6646   
     Q8_CONCERNS |  -0.1695   -0.0573    0.6535   -0.0997    0.0509 |      0.5283   
     Q9_CONCERNS |  -0.1411   -0.1027    0.5420   -0.0939   -0.0694 |      0.6621   
    Q10_CONCERNS |  -0.0421   -0.1435    0.6056   -0.0583   -0.2006 |      0.5672   
    Q11_CONCERNS |  -0.0154   -0.1150    0.6542   -0.0647   -0.0959 |      0.5452   
    Q12_CONCERNS |   0.2081    0.1100   -0.3369    0.1166   -0.0946 |      0.8086   
    Q13_CONCERNS |  -0.0595   -0.2508    0.5875    0.0711    0.1211 |      0.5687   
    Q14_CONCERNS |  -0.0560   -0.3099    0.5975    0.1196   -0.0104 |      0.5294   
    Q15_CONCERNS |  -0.0356   -0.2984    0.5633    0.0869   -0.0348 |      0.5837   
      Q1_NEED |   0.0799   -0.0013    0.0061    0.6960   -0.0171 |      0.5089   
         Q2_NEED |   0.0889    0.0436   -0.0414    0.7040    0.0555 |      0.4898   
         Q3_NEED |   0.1622    0.1476   -0.1558    0.5811   -0.0037 |      0.5900   
         Q4_NEED |   0.0617    0.0926   -0.0021    0.7558    0.1134 |      0.4035   
         Q5_NEED |   0.0716    0.0842   -0.0506    0.7990    0.1389 |      0.3275   
         Q6_NEED |   0.1562    0.1230   -0.1647    0.6832    0.0414 |      0.4649   
         Q7_NEED |   0.1806    0.1234   -0.1198    0.6930   -0.0101 |      0.4575   
       Q1_DOCTOR |   0.7165    0.0796   -0.0024    0.0331    0.0366 |      0.4778   
       Q2_DOCTOR |   0.7545    0.0982   -0.0555    0.0683    0.0122 |      0.4132   
       Q3_DOCTOR |   0.7299    0.0999   -0.0755    0.1603   -0.0716 |      0.4208   
       Q4_DOCTOR |   0.5474   -0.0478   -0.0782    0.2090   -0.1584 |      0.6232   
       Q5_DOCTOR |  -0.5527    0.0089    0.1671   -0.0861    0.0930 |      0.6504   
       Q6_DOCTOR |   0.6588    0.0752   -0.1426    0.1449   -0.0400 |      0.5174   
       Q7_DOCTOR |  -0.6418   -0.0711    0.1228    0.0333   -0.0051 |      0.5669   
       Q8_DOCTOR |   0.6547    0.0749   -0.0189    0.0992   -0.0636 |      0.5515   
       Q9_DOCTOR |   0.6679    0.1082   -0.0489    0.0735    0.0609 |      0.5307   
      Q10_DOCTOR |   0.6633    0.1050   -0.0327    0.0879   -0.0828 |      0.5334   
      Q11_DOCTOR |  -0.4401   -0.1251    0.1164    0.0554   -0.0723 |      0.7688   
       Q1_INFORM |   0.7689    0.1760   -0.0788    0.0209    0.0709 |      0.3661   
       Q2_INFORM |   0.6980    0.1690   -0.0523   -0.0355    0.1036 |      0.4695   
       Q3_INFORM |   0.7880    0.1447   -0.0376    0.0276    0.0097 |      0.3558   
       Q4_INFORM |   0.7703    0.1119   -0.1172    0.0259   -0.0286 |      0.3789   
       Q5_INFORM |   0.7973    0.1280   -0.0740    0.0611   -0.0348 |      0.3375   
    Q2_DECISIONS |   0.5779    0.0999   -0.0502   -0.0171    0.0548 |      0.6503   
       Q1_CHANCE |  -0.1028   -0.2079    0.1192    0.3851    0.2424 |      0.7249   
       Q2_CHANCE |  -0.1171   -0.1707    0.1034    0.3993    0.3793 |      0.6432   
       Q3_CHANCE |  -0.1593   -0.0962    0.0474    0.3768    0.3075 |      0.7266   
       Q1_HEALTH |  -0.0241   -0.0167   -0.0057    0.1875    0.5844 |      0.6224   
       Q2_HEALTH |   0.0230   -0.0416    0.0191    0.2773    0.6336 |      0.5190   
       Q3_HEALTH |   0.0391   -0.0199    0.0603    0.2674    0.6308 |      0.5251   
         Q1_SHED |   0.1028    0.8427   -0.0768    0.0712    0.0375 |      0.2669   
         Q2_SHED |   0.1511    0.7932   -0.0554    0.0344   -0.0382 |      0.3424   
         Q3_SHED |   0.1124    0.8211   -0.0153    0.0516   -0.0467 |      0.3082   
         Q4_SHED |   0.1324    0.8801   -0.0877   -0.0029    0.0168 |      0.2000   
         Q5_SHED |   0.1180    0.8718   -0.0557    0.0354   -0.0339 |      0.2205   
         Q6_SHED |   0.0541    0.8003   -0.0655    0.0800    0.0286 |      0.3451   
         Q7_SHED |   0.1625    0.7717   -0.0295    0.0941   -0.0834 |      0.3614   

  Q1_DEPRESS |   0.1217    0.3179   -0.2002   -0.2797   -0.0032 |      0.7658   
      Q2_DEPRESS |   0.0971    0.2106   -0.2241   -0.1773    0.0771 |      0.8586   
      Q3_DEPRESS |   0.1635    0.2566   -0.1803   -0.2314    0.1350 |      0.8032   
          q1know |   0.0069    0.0206   -0.0753    0.0428    0.2684 |      0.9200   
          q2know |  -0.0500   -0.1770    0.0501    0.0755    0.3257 |      0.8519   
          q3know |   0.0289    0.0701   -0.1520    0.0517    0.4162 |      0.7953   
          q4know |  -0.0161    0.0235    0.0284    0.0674    0.4941 |      0.7497   
          q5know |   0.0017   -0.0509    0.0601    0.0177    0.5533 |      0.6873   
          q6know |   0.0017   -0.0860    0.0587   -0.0324    0.5704 |      0.6628   
          q7know |   0.0045   -0.0197    0.0528   -0.0134    0.4671 |      0.7784   
          q8know |  -0.0062   -0.0091   -0.0379   -0.0809    0.5291 |      0.7119   
          q9know |  -0.0510    0.0281   -0.0245   -0.0195    0.5220 |      0.7231   



   48 

 

With a forced five factor solution, the 15 Concerns items all map to factor 3, 

with no other items mapping to this factor.  The items of the Trust in Physician scale 

(Q1_Doctor through Q11_Doctor), the five items of the Provider Open Communication 

scale (Q1_Inform  through Q5-Inform), and the 1 item assessing satisfaction with 

provider decision making style all mapped to factor1. The first two items of the 

knowledge scale (q1know and q2 know) and two of the three depression items did not 

map to any factor. 

The five factor solution implies that the 3 items that assess perceived 

susceptibility to fracture (Q1_Chance through Q3_Chance) can be grouped with the 

need items, or that the fracture knowledge, chance of fracture, and perceived severity 

of fractures (health) might be one construct. The following principal components 

analysis of the 7 need and 3 chance items together, however, suggest that together 

they do not form a unidimensional scale. The ratio of the first to second eigenvalues is 

only 2.07, and when a 2 factor solution is forced on these 10 items, two factors clearly 

emerge with the 7 need items loading on one and the 3 chance items loading on 

another.  

 

Table 2-3: Eigenvalues from Principal Components An alysis of 7 Need and 3 

Chance Items 

Factor analysis/correlation                         Number of obs    =      742 
    Method: principal-component factors             Retained factors =        2 
    Rotation: (unrotated)                            Number of parameters = 19 
 
    -------------------------------------------------------------------------- 
         Factor  |   Eigenvalue   Difference        Proportion   Cumulative 
    -------------+------------------------------------------------------------ 
        Factor1  |      4.28155      2.21760            0.4282       0.4282 
        Factor2  |      2.06395      1.16565            0.2064       0.6346 
        Factor3  |      0.89830      0.25724            0.0898       0.7244 
        Factor4  |      0.64106      0.08992            0.0641       0.7885 
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Figure 3 – Scree Plot of PCA of 7 Need and 3 Chance  Items 
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Table 2-4: Rotated factor loadings of 7 Need and 3 Chance Items 
 
    ------------------------------------------------- 
        Variable |  Factor1   Factor2 |   Uniqueness  
    -------------+--------------------+-------------- 
         Q1_NEED |   0.6633    0.1752 |      0.5293   
         Q2_NEED |   0.7171    0.1484 |      0.4637   
         Q3_NEED |   0.7413   -0.1333 |      0.4327   
         Q4_NEED |   0.7335    0.2827 |      0.3821   
         Q5_NEED |   0.7663    0.3352 |      0.3004   
         Q6_NEED |   0.8068   -0.0023 |      0.3490   
         Q7_NEED |   0.8057   -0.0091 |      0.3507   
       Q1_CHANCE |   0.0454    0.8831 |      0.2181   
       Q2_CHANCE |   0.0706    0.8997 |      0.1856   
       Q3_CHANCE |   0.1400    0.7332 |      0.4428   
    ------------------------------------------------- 

  Similarly, when the items comprising the fracture knowledge, perceived 

susceptibility to, and perceived severity (health consequences) of fractures are 

assessed with a principal components analysis separate from the other survey items, 

the scree plot itself supports either a one factor or a 3 factor solution. 
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Figure 2-4: Scree Plot of Knowledge, Fracture Susce ptibility (Chance) and 

Fracture Severity (Health) Items 
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However, the ratio of the first to second eigenvalue is only 1.98, suggesting that a 3 

factor solution may be better. The rotated factor loadings of a three factor solution are 

as follows. 

 

Table 2-5: Rotated Factor Loadings for 3-Factor Sol ution of  Knowledge, Fracture 

Susceptibility (Chance) and Fracture Severity (Heal th) Items 

     ----------------------------------------------------------- 
        Variable |  Factor1   Factor2   Factor3 |   Uniqueness  
    -------------+------------------------------+-------------- 
          q2know |   0.2351    0.3551    0.0260 |      0.8180   
          q3know |   0.2472    0.2461    0.1724 |      0.8486   
          q4know |   0.2182    0.5027    0.0775 |      0.6937   
          q5know |   0.1885    0.6106    0.0867 |      0.5840   
          q6know |   0.2208    0.6325    0.0216 |      0.5507   
          q7know |  -0.0062    0.6793    0.0775 |      0.5325   
          q8know |   0.0121    0.6948    0.0798 |      0.5107   
          q9know |   0.1658    0.5090    0.1156 |      0.7000   
       Q1_HEALTH |   0.8176    0.0422    0.1122 |      0.3171   
       Q2_HEALTH |   0.8931    0.0909    0.1314 |      0.1769   
       Q3_HEALTH |   0.8940    0.0827    0.0949 |      0.1849   
       Q1_CHANCE |   0.0626    0.0054    0.8909 |      0.2024   
       Q2_CHANCE |   0.1864    0.0776    0.8868 |      0.1728   
       Q3_CHANCE |   0.0897    0.0897    0.7489 |      0.4231   
    ----------------------------------------------------------- 
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Hence, these results suggest that perceived need for fracture prevention medication 

(Need) and perceived susceptibility to fractures do not comprise only one construct, 

and that fracture knowledge, perceived susceptibility to fractures (Chance) and 

perceived severity of fractures (Health) do not comprise one construct. Therefore, it is 

quite likely that there are more than five factors among all of these survey items.  

 

Principal Components Analysis with an 8 Factor Solu tion 

Table 2-6: Rotated Factor Loadings of all Survey Sc ale Items with 8 Factor 
Solution 
 

Variable |   Factor1   Factor2   Factor3   Factor4   Factor5   Factor6   Factor7   Factor8 |   
    -------------+-------------------------------------------------------------------------------- 
Q1_CONCERNS |   -0.0078   -0.0872    0.5837   -0.0610    0.0599    0.2961    0.0116   -0.0816 |       
Q2_CONCERNS |   -0.0950    0.0579    0.5787   -0.1114    0.0915    0.1088    0.2518   -0.0027 |       
Q3_CONCERNS |     0.0300   -0.0789    0.5535   -0.0379    0.0669    0.0266   -0.2000    0.1383 |         
Q4_CONCERNS |   -0.2939   -0.0122    0.6183   -0.0328    0.0300   -0.0160    0.0604   -0.0577 |        
Q5_CONCERNS |   -0.3000    0.0269    0.6932   -0.1079    0.0279   -0.0403    0.0923   -0.0096 |       
Q6_CONCERNS |   -0.1229   -0.0734    0.6448   -0.0701    0.0121    0.0128   -0.0377    0.0755 |      
Q7_CONCERNS |   -0.1014   -0.0571    0.6052   -0.0678    0.0645   -0.0057    0.0261    0.0454 |        
Q8_CONCERNS |   -0.1503   -0.0710    0.6545   -0.1084   -0.0209    0.1008    0.0414    0.1028 |       
Q9_CONCERNS |   -0.1401   -0.1236    0.5530   -0.0565   -0.1314    0.1098    0.0261    0.0158 |       
Q10_CONCERNS |   -0.0209   -0.1324    0.5819   -0.0951   -0.1340    0.1825   -0.1793    0.0933 |        
Q11_CONCERNS |   0.0014   -0.1285    0.6533   -0.0511   -0.0722    0.1453   -0.0715    0.0051 |       
Q12_CONCERNS |   0.1812    0.0896   -0.3401    0.1429    0.1038   -0.0612   -0.1655   -0.1713 |       
Q13_CONCERNS |   -0.0610   -0.1800    0.4120   -0.0128    0.1339    0.5519    0.1211   -0.0256 |       
Q14_CONCERNS |   -0.0621   -0.2315    0.4088    0.0362    0.0929    0.6251    0.0079   -0.0914 |       
Q15_CONCERNS |   -0.0387   -0.2027    0.3537   -0.0203    0.0619    0.6586   -0.0028   -0.0663 |    
 
Q1_NEED |    0.0762   -0.0004   -0.0240    0.6608    0.0703    0.1317   -0.0896    0.1533 |       
Q2_NEED |    0.0770    0.0320   -0.0423    0.7219    0.0997    0.0595   -0.0157    0.0852 |       
Q3_NEED |    0.1244    0.0989   -0.0907    0.7271    0.0813   -0.0592    0.0120   -0.1485 |       
Q4_NEED |    0.0637    0.0864   -0.0196    0.7302    0.0578    0.0691    0.0627    0.2581 |       
Q5_NEED |    0.0713    0.0800   -0.0572    0.7659    0.0977    0.0363    0.0645    0.2874 |       
Q6_NEED |    0.1289    0.0765   -0.1063    0.7832    0.0732   -0.0711    0.0319   -0.0331 |       
Q7_NEED |    0.1567    0.0793   -0.0823    0.7903    0.0798   -0.0389   -0.0238   -0.0152 |       
 
Q1_CHANCE |   -0.0357   -0.1191    0.0503    0.1018    0.0854    0.0567    0.0084    0.8455 |       
Q2_CHANCE |   -0.0580   -0.0857    0.0358    0.1157    0.2086    0.0416    0.0871    0.8431 |       
Q3_CHANCE |   -0.1190   -0.0505    0.0127    0.2083    0.1002    0.0208    0.1574    0.6241 |       
Q1_HEALTH |   -0.0342   -0.0034   -0.0261    0.0779    0.8082   -0.0071    0.0636    0.0912 |        
Q2_HEALTH |    0.0087   -0.0175   -0.0029    0.1261    0.8610    0.0347    0.0740    0.1410 |       
Q3_HEALTH |   0.0227   -0.0102    0.0483    0.1402    0.8584    0.0182    0.0808    0.0959 |       
 
Q1_DOCTOR |    0.7316    0.0926   -0.0017   -0.0105    0.0578   -0.0152   -0.0479    0.0673 |       
Q2_DOCTOR |    0.7596    0.1127   -0.0743    0.0425    0.0675    0.0062   -0.0503    0.0110 |       
Q3_DOCTOR |    0.7363    0.1258   -0.0953    0.1224    0.0632    0.0338   -0.1691    0.0078 |       
Q4_DOCTOR |    0.5464   -0.0296   -0.0844    0.1575    0.0291   -0.0076   -0.2686    0.0609 |       
Q5_DOCTOR |   -0.5501    0.0003    0.1651   -0.0840    0.0427    0.0556    0.1129   -0.0048 |       
Q6_DOCTOR |    0.6510    0.0740   -0.1507    0.1533    0.0417   -0.0067   -0.0681   -0.0581 |       
Q7_DOCTOR |   -0.6231   -0.0599    0.1158    0.0280   -0.0798    0.0934    0.0461    0.0556 |       
Q8_DOCTOR |    0.6775    0.0816   -0.0120    0.0867    0.0025   -0.0559   -0.1302    0.0547 |      
Q9_DOCTOR |    0.6653    0.1025   -0.0453    0.0733    0.1301   -0.0387   -0.0211   -0.0333 |       
Q10_DOCTOR |    0.6725    0.1031   -0.0208    0.0936   -0.0840   -0.0492   -0.0515    0.0350 |      
Q11_DOCTOR |   -0.4215   -0.0760    0.0660   -0.0552   -0.0167    0.1351   -0.1344    0.1943 |       
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Variable |   Factor1   Factor2   Factor3   Factor4   Factor5   Factor6   Factor7   Factor8 |   
    -------------+--------------------------------------------------------------------------------        
Q1_INFORM |    0.7695    0.1641   -0.0887    0.0805   -0.0072   -0.0556    0.1199   -0.0952 |       
Q2_INFORM |    0.6876    0.1588   -0.0316    0.0020    0.0722   -0.0785    0.0957   -0.0950 |       
Q3_INFORM |    0.7917    0.1439   -0.0503    0.0720   -0.0607   -0.0321    0.0812   -0.0531 |       
Q4_INFORM |    0.7716    0.1042   -0.1144    0.0763   -0.1164   -0.0565    0.0753   -0.0487 |       
Q5_INFORM |    0.7992    0.1148   -0.0693    0.1062   -0.0942   -0.0444    0.0465   -0.0316 |       
 
Q1_SHED |    0.1016    0.8339   -0.0361    0.0932    0.0329   -0.1371    0.0298   -0.0437 |      
Q2_SHED |    0.1522    0.8134   -0.0562    0.0378   -0.0455   -0.0300   -0.0029   -0.0563 |       
Q3_SHED |    0.1241    0.8606   -0.0407    0.0119   -0.0656    0.0269   -0.0057    0.0295 |     
Q4_SHED |    0.1285    0.8675   -0.0355    0.0360    0.0278   -0.1593    0.0116   -0.0902 |       
Q5_SHED |    0.1197    0.8892   -0.0513    0.0275    0.0033   -0.0626   -0.0427   -0.0461 |       
Q6_SHED |    0.0450    0.8160   -0.0722    0.0686    0.0521   -0.0446    0.0057   -0.0289 |       
Q7_SHED |    0.1642    0.7755   -0.0169    0.1000   -0.0511   -0.0481   -0.0627   -0.0364 |   
     
Q1_DEPRESS |    0.1164    0.1867    0.0446   -0.0881   -0.0323   -0.6161   -0.0140   -0.2050 |       
Q2_DEPRESS |    0.0872    0.0774    0.0104    0.0053    0.0351   -0.6105    0.0294   -0.1350 |       
Q3_DEPRESS |    0.1488    0.1254    0.0858   -0.0362    0.1370   -0.6173    0.0287   -0.2028 |   
     
q1know |   -0.0180   -0.0240   -0.0107    0.1114    0.2214   -0.1553    0.1851   -0.0664 |       
q2know |   -0.0585   -0.1659    0.0250    0.0635    0.2304    0.0930    0.2513    0.0361 |       
q3know |    0.0276    0.0778   -0.1491    0.0132    0.2645   -0.0780    0.2827    0.1606 |       
q4know |   -0.0223    0.0182    0.0334    0.1007    0.2010   -0.0041    0.4790    0.0846 |       
q5know |    0.0002   -0.0479    0.0396    0.0529    0.1869    0.0651    0.5830    0.0723 |       
q6know |    0.0011   -0.0600    0.0135   -0.0126    0.2319    0.1460    0.5961    0.0129 |       
q7know |    0.0209   -0.0364    0.0710    0.0488   -0.0034   -0.0368    0.6079    0.1361 |       
q8know |    0.0020   -0.0363    0.0030   -0.0029    0.0354   -0.1219    0.6442    0.1324 |       
q9know |   -0.0540    0.0337   -0.0487    0.0016    0.2070    0.0514    0.5335    0.0446 |       
    ----------------------------------------------------------------------------------------------- 

 

As can be seen from this table, knowledge questions q1know, q2know, and q3 

know do not load onto any factor, and the last three items of the Concerns scale map 

onto two domains. If these five items are eliminated, however, the factor loadings of the 

rest of the items comprise a simple factor structure. Therefore, in the subsequent 

analyses, Concerns about medications is measured with items Q1_Concerns through 

Q12_Concerns, and fracture knowledge with items q4 know through q9know. 

  A confirmatory factor analysis this simple structure of 8 factors was also 

done using MPLUS 5.1. While the goodness of fit as judged by the Comparative Fit 

Index (CFI) was not optimal at 0.835, the goodness of fit to the data was reasonable as 

judged by the Root Mean Square Error of Approximation (RMSEA) value of 0.055 

(90% C.I. 0.054-0.057). Similarly, the fit of this simple factor structure to the data was 

also reasonable as judged by the Standardized Root Mean Square Error (SRMR) value 

of 0.051. 

When each of these 8 scales is examined separately with a principal 

components analysis, internal consistency reliability of each is quite very good, with the 
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exception of the fracture knowledge and depression scales which have marginally 

acceptable internal consistency reliability (table 2-7 ).  

 

Table 2-7: Internal Consistency Reliability and 1 st to 2 nd Eigenvalue Ratios of 8 

Scales 

 
Construct 

 
Number of Scale 

Items 

 
Ratio of 1 st to 2 nd  

Eigen Value 

Internal 
Consistency 

Reliability 
(Cronbach’s α) 

Patient-Provider 
Relationship 

Quality 

17 5.74 0.93 

Medication 
Necessity 

7 4.46 0.87 

Medication 
Concerns 

12 3.91 0.85 

Medication Use 
Self-Efficacy 

7 10.96 0.94 

Perceived 
Fracture 

Susceptibility 

3 3.81 0.81 

Perceived 
Fracture Severity 

3 5.63 0.87 

Fracture 
Knowledge 

6 2.53 0.70 

Depression 3 3.04 0.69 
 

 
With the exception of the fracture knowledge scale, the ratio of the first to second 

eigenvalue of each is greater than 3.0, providing good evidence for each of these 

seven scales of unidimensionality. These data provide strong evidence that Trust in 

Physician, Open Provider Communication, and Satisfaction with Provider Decision 

Making Style are all part of the same construct. In the 3 papers to follow, these 17 

items together will comprise the measurement tool for the Patient-Provider 

Relationship Quality. 

As will be seen in the 3 papers to follow, inclusion of depression and fracture 

knowledge are necessary to achieve good model fit in the multivariate path models. 

The main study aims (thankfully) of this project are not centered on the association of 

fracture knowledge and/or depression with fracture prevention medication use 
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behavior. Nonetheless, a limitation of this project is that these variables have not been 

optimally measured. Their inclusion as control variables in the analyses to follow will be 

only to achieve good model fit, and firm conclusions as to their role in medication use 

behavior will not be drawn. 
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Chapter 3:  

Predictors of Non-Persistence and Non-Compliance 

with Fracture Prevention Medication due to Side Eff ects 

or Other Reasons 
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Abstract 

Background: Non-persistence and non-compliance with oral medication to prevent 

osteoporotic fracture is widespread and attenuates the fracture reduction benefit that 

otherwise might be achievable with use of these medications. Perceived need for 

medication and concerns regarding long-term harm and/or dependence upon 

medications have been shown to be associated with medication use behavior in 

several other chronic diseases, but this framework as a predictor of fracture prevention 

medication use behavior has never been investigated. Moreover, the association of 

these medication attitudes with medication use behavior independent of other 

medication attitudes such as medication use self efficacy and perceived medication 

cost burden as well as objective indicators of fracture risk such as bone mineral density 

and fracture history has to date not been reported. We postulated that perceived 

medication need and medication concerns would be associated, respectively, 

negatively and positively with non-persistence and non-compliance (missed doses) to 

pharmacologic fracture prevention medication. We also postulated that concerns about 

the long-term safety of and dependence upon medications in general would be 

negatively associated with perceived need for fracture prevention medication to 

preserve health, and therefore would have an additional indirect effect on medication 

use behavior.  

Methods:  We surveyed all 1155 individuals age 21 to 84 with a medical record 

documentation of being given a prescription for an oral bisphosphonate medication to 

prevent fracture between 1/1/2006 and 3/31/2007 at a large community group practice 

in the Minneapolis-St Paul metropolitan area. 729 returned valid surveys, and their 

medical records were reviewed. Medication concerns and perceived necessity for 

fracture prevention medication were assessed, respectively, with 12-item and 7-item 

scales. Medication persistence and compliance were assessed by self-report. The 

direct effects of these attitudes were assessed with logistic regression models, and the 

total effect of concerns about medication on medication use behavior (direct and 

indirect through perceived necessity for fracture prevention medication) was assessed 

with multivariate path models. 

Results:  Self-reported non-persistence due to side effects was associated with 

perceived need for medication (odds ratio [OR] of 0.53 per standard deviation 

increase), medication concerns (OR of 1.23 per standard deviation increase), and 2 or 
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more adverse drug reactions to any medications recorded in the medical record (OR 

3.24 vs. no ADRs). Non-persistence for reasons other than side effects was associated 

with perceived medication need (OR 0.24 for top vs. bottom quartile), with poor 

medication use self-efficacy (OR 1.73 vs. excellent self-efficacy) and with high 

medication cost concerns (OR of 4.85 vs. no cost concerns). Among those with a 

current prescription for oral bisphosphonate therapy at the time of the survey, non-

compliance was associated with medications concerns (OR 1.24 per unit increase) and 

medication use self-efficacy (OR 0.38). The quality of the patient-provider relationship 

was not associated directly with non-persistence or non-compliance, adjusting for all of 

these other predictors.  A one standard deviation increase and decrease in perceived 

need for fracture prevention medication and concerns about medications would be 

predicted to decrease self-reported non-persistence, respectively, by 33% and 18%. In 

contrast, changes in perceived need for medication has minimal effects on non-

compliance (missing doses), whereas a 1 standard deviation decrease in medication 

concerns reduced non-compliance by 21%, and a change of medication use self-

efficacy category from low to high reduced non-compliance by 32%. 

Conclusion:  Perceived necessity for fracture prevention medication has a substantial 

effect on non-persistence with that medication independent of other predictors, but has 

little effect on non-compliance (missed doses). Patients are less likely to report non-

persistence with medications due to side effects if they have feel they need fracture 

prevention medication to preserve their health, do not have concerns about long-term 

safety or dependence on medications, have not had other adverse drug reactions, and 

are not on a proton pump inhibitor. Patients are less likely to discontinue oral 

bisphosphonates for reasons other than side effects if they have confidence they can 

execute mediation use in their daily lives (medication self-efficacy) and do not feel 

burdened by their out of pocket medication costs. Assessing whether or not patients 

have a realistic appraisal of their need for fracture prevention medication, soliciting and 

addressing their concerns about medications, reducing their perceived medication cost 

burden, and improving their medication use self-efficacy all may improve persistence 

with and compliance to fracture prevention medication. 
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Introduction  

 Fractures related to osteoporosis are a major public health problem. Over 1.5 

million older individuals in the United States experience a fracture of the hip, spine, 

wrist, or upper arm, often with permanent adverse effects upon their quality of life.(258) 

Women and men age 60 have, respectively, a 44% and 29% chance of experiencing a 

fracture related to osteoporosis sometime in their remaining lifetime.(259) Medications 

are available that have been shown to reduce the risk of fractures 30% to 50% among 

those who have osteoporosis by bone density criteria or who already have had a 

vertebral fracture.(14, 260-264) However, numerous large studies have shown that 

only 30% to 60% of those prescribed a fracture prevention medication are still taking 

medication one year later.(28, 29) Medication use behavior has been conceptualized 

as having two components; persistence with medication, defined as not stopping 

medication prematurely for extended periods of time, and compliance defined as taking 

medications at the prescribed times, in the prescribed dose, and prescribed manner.(1) 

Those at high risk of fracture who do not persist with fracture prevention medication 

experience more fractures than those who do persist and comply with those 

medications.(34, 59, 63) 

 While numerous studies (primarily through large pharmacy claims databases) 

have described the extent and time course of the phenomenon, very few studies have 

attempted to explain the phenomenon. Three studies have shown that attitudes 

regarding fracture prevention medication influence use of those medications.(41, 58, 

265) The perceived effectiveness of fracture prevention medication and concerns 

about the long-term safety of medications have been shown in one study to be 

associated with fracture prevention medication compliance, independent of side effects 

and other predictors.(41)  

 Horne and colleagues have postulated that medication use behavior can be 

conceptualized as being driven primarily by their perceptions that specific medications 

are necessary to maintain or improve their health and by concerns that they may have 

regarding potential overuse of medications, and the long-term safety of and 

dependence upon medications.(266, 267) This necessity-concerns framework has 

been shown to be associated with medication use behavior among patients with heart 

failure and other cardiac diseases, diabetes mellitus, renal failure, depression, asthma, 

and acquired immune deficiency syndrome (AIDS). Subsequently, Horne and others 
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have suggested that medication compliance can be conceptualized as either being 

intentional or unintentional.(211, 237, 268) Patients who stop taking medication for an 

extended period of time (non-persistence) generally do so intentionally. Other 

instances of taking medication differently than as prescribed (such as skipping doses 

or taking them at different times than instructed, e.g. non-compliance) may occur either 

intentionally or unintentionally. 

 Carr and colleagues found a modest association between self-reported 

medication non-compliance (defined as taking less or more medication than prescribed 

or missing doses) with concerns about the long-term safety of and dependence upon 

medication.(265) However, no study to date has investigated whether or not the 

necessity-concerns conceptual framework of Horne and colleagues may explain 

fracture prevention medication use behavior among those at high risk of osteoporosis 

and/or osteoporotic fracture. Moreover, no study has investigated whether or not this 

framework predicts medication use behavior independent of other medication attitudes 

(such as medication cost burden and medication use self-efficacy) or objective 

indicators of fracture risk, or whether or not  the associations of these predictors with 

fracture prevention non-persistence due to side effects are  different than non-

persistence due to reasons other than side effects. Furthermore, no one to date has 

differentiated the associations of these predictors with non-persistence (stopping the 

medication altogether) and other types of non-compliance (persisting with medication 

but not taking the medication as prescribed). If the model of Horne and colleagues is a 

valid explanatory framework for medication use behavior among those prescribed 

fracture prevention medication, then improvement of persistence and compliance with 

fracture prevention medication may require more detailed assessment of these 

attitudes than what is typically done during clinical encounters assessment when new 

medications are prescribed. Specifically, when fracture prevention medications are 

prescribed, providers may need to assess how patients’ view their fracture risk and the 

effectiveness of medication to reduce that risk, and address their concerns regarding 

long-term safety of and dependence upon these medications.  

 Finally, Horne and colleagues have postulated that perceived need for specific 

medications and concerns about medications are not correlated, have opposite effects 

on medication use behavior, and therefore propose that the medication need – 

medication concerns differential (the difference in raw scores between them) is the 
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best way of conceptualizing the association between these medication attitudes and 

medication use behavior. However, this formulation does not allow assessment of the 

relative magnitudes of the effects of these two attitudes on medication use behavior. 

Moreover, concerns about the long-term safety of and dependence upon medications 

in general could certainly lead an individual to conclude that their use is not needed to 

maintain their future health even if they believe they are at risk of the target condition 

for which the medication is prescribed. This raises the possibility that medication 

concerns may have two effects on medication use behavior, both a direct effect and an 

indirect effect by reducing perceived need for medication. 

 The primary aim of this survey and medical record review study was to estimate 

the associations of perceived necessity for fracture prevention medication and 

concerns about long-term harm from or dependence upon medication on four 

measures of fracture prevention medication use behavior (overall non-persistence, 

non-persistence due to side effects, non-persistence for reasons other than side 

effects, and among persisters, missed doses). Secondary aims were to also assess the 

association of medication use self-efficacy and perceived medication cost burden with 

medication use behavior, and to assess whether or not the influence of medication 

concerns on medication use behavior includes an indirect effect through perceived 

need for fracture prevention medication. Additional aims were to assess predictors of 

perceived necessity of and concerns about medications and the influence of the 

patient-provider relationship quality on medication use behavior, but these will be 

addressed in separate publications. 

 

Methods  

 This study was reviewed and approved by the Institutional Review Boards of 

both Park Nicollet Heath Services and the University of Minnesota. 

 This dataset is from a survey and medical record review of patients given one 

or more prescriptions for oral bisphosphonate therapy at Park Nicollet Clinic between 

the dates of January 1, 2006 and March 31, 2007. Candidate participants were those 

age 21 to 84 with one or more prescriptions for a bisphosphonate medication in the 

electronic medication record in this time period, who had had a clinic visit within 6 

months of the mailing date of the survey (to assure they were still receiving care at 
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Park Nicollet Clinic), and did not have a diagnosis of dementia. Surveys were mailed 

from July 16 through July 20, 2007. 

 Conceptual Framework 

 We conceived of both perceived need for fracture medication and concerns 

about the long-term safety of and dependence upon medication as predictors of 

medication use behavior in the context of a variation of the Health Belief Model. 

Perceived need for medication is postulated to be a driven by perceived susceptibility 

to the target event, the severity (health consequences) of the target event should it 

occur, and incorporates as well the patient’s perceived effectiveness of the medication 

to reduce the likelihood of the target event’s occurrence or its severity. Consistent with 

the Health Belief Model, we also postulate that lack of medication use self-efficacy and 

medication cost concerns would pose significant barriers to medication compliance 

(figure 2-1, page 35 ).  

The Health Belief Model does not specifically postulate a role for concerns 

regarding medication, and we have added this to the model as a predictor of 

medication use behavior. Unlike the model of Horne and colleagues, we postulated a 

direct effect of concerns on perceived medication need (figure 2-1 ). The construct of 

medication need encompasses the patient perception that maintenance of their health 

depends on use of a specific medication, but those who have concerns about the long-

term safety of medications in general may conclude that their health is not dependent 

on use of medication, even if they perceive they are at risk of the target condition and 

that the medication reduces that risk.  

Since perceived need for medication and concerns about medications are 

endogenous predictors of medication use behavior in this model, we have also shown 

postulated upstream predictors of perceived necessity for medication that can be used 

as instruments for perceived medication necessity (statistical analysis, page 10 to 12). 

These include objective indicators of fracture risk (personal history of fracture, family 

history of fracture, bone mineral density, prevalent vertebral fracture, systemic 

glucocorticoid use, smoking status) and demographic variables (including age, sex, 

income, and educational status). Additional exogenous variables that directly or 

indirectly are postulated to be associated with perceived need for fracture prevention 

medication include the number of daily doses of prescribed medication each day and 

the patient-provider relationship quality (figure 2-1 ). 
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Latent variables in the model measured with survey instruments are in black, 

and other variables are in blue (figure 2-1) . Where possible, scales to measure these 

constructs were derived from previously validated scales, but for some constructs we 

were unable to find any appropriate measures and hence for these we developed new 

scales. The unidimensionality of these scales was assessed using principle 

components analysis of all scale items together, and also from principle components 

analyses of each scale separately. A ratio of the first to second eigenvalue of greater 

than 3.0 was considered to be strong evidence of unidimensionality for each scale. 

 

 Dependent Variables 

 Self-reported persistence was assessed with two questions; whether or not the 

patient had stopped taking their oral bisphosphonate for more than one month due to 

side effects, whether or not the patient had stopped taking their oral bisphosphonate 

for more than one month for reasons other than side effects.  A variable of self-

reported non-persistence for any reason was created if they answered “yes” to either 

question. 

 Non-compliance was defined as missing one or more doses of oral 

bisphosphonate medication over the past month by self-report. Since these variables 

were assessed retrospectively, of necessity assessment of compliance was limited to 

those currently prescribed oral bisphosphonate medication at time of the survey. 

 

 Predictor Variables – from survey items 

 The quality of the patient-provider relationship was assessed with two 

previously validated scales; the 11 item Trust in Physician scale (assessing trust in the 

physician’s competence and willingness to address the patient’s concerns),(87, 88) the 

5 item Open Communication Scale of the Medical Outcomes Study,(80) plus one ad 

hoc item assessing satisfaction with the decision making style of the provider. Factor 

analysis revealed that all 17 items strongly load on the same factor and together 

exhibited strong internal consistency reliability and unidimensionality (table 2-7, page 

53), and thence all were used together to assess the quality of the physician-provider 

relationship from the patient’s perspective.   

Perceived necessity of fracture prevention medication was assessed by a 

seven item scale, adapted from the validated four item medication necessity scale of 
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Horne and colleagues,(266) with three additional items added to improve its internal 

consistency reliability and to assess perceived effectiveness of the medication to 

reduce fracture. Medication concerns was measured by a 12-item scale that assessed 

patient perceptions regarding the perceived long-term safety of and dependence upon 

medications, and whether or not medications in their view are over-prescribed. This 

scale was developed from three subscales of the Beliefs about Medications 

Questionnaire that assess concerns regarding medications that have specifically been 

prescribed for the patient, concerns that medications in general are harmful, and 

concerns that medications in general are overprescribed.(142) However, principle 

components analysis within our sample showed these to all be measuring the same 

construct, with high internal consistency reliability (table 2-7 ). 

Perceived susceptibility to fracture was assessed with 3 items of Gerand and 

colleagues(256) and perceived severity of fractures was also assessed with 3 items 

developed for this study. We postulated that perceived susceptibility to fractures would 

not be associated with perceived need for fracture prevention medication if fractures 

were considered to have only trivial health consequences, and that conversely 

fractures perceived to have severe health consequences would not be associated with 

medication need if that person felt they were at minimal risk of experiencing the 

fracture. Therefore, we scaled the lowest score for both susceptibility to fracture and 

severity of fracture to equal zero, and created a variable called fracture 

susceptibility*severity as the interaction between the two.  

Fracture knowledge regarding the health consequences of fractures was 

assessed with a 6 item scale that we developed for this study to assess knowledge 

regarding possible health consequences of fractures. Medication use self-efficacy was 

measured with 7 items selected from the validated scale of Resnick and 

colleagues,(209) assessing how confident patients felt they could execute medication 

use behavior in the context of their daily lives. Depression was assessed with three 

items assessing self-reported depressed mood in the recent or more distant past as 

well as current and/or past use of anti-depressant therapy. This was scored 

dichotomously as present if any of the three were endorsed, and as absent if all three 

items were not endorsed. Medication cost burden was assessed with one item. 

Principle components analysis using orthogonal rotation for all items from the 

above seven scales showed that all items were associated with postulated factor with 
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loadings >0.4, and were not associated any other factor with a loading >0.3. Internal 

consistency reliability (Cronbach’s alpha) was lowest for the depression and knowledge 

scales but was over 0.8 for all of the other scales, and highest for the patient-provider 

relationship quality (table 2-7 ). 

 A personal history of spine, hip, wrist, pelvis, or upper arm fracture was 

assessed by self-report, as was a history of spine or hip fracture in a first degree 

relative. 

  Control Variables – from medical record review 

  Medical record review was done for all 729 full respondents and also for 

all others (380) who were not deceased, had not actively refused participation, and 

who had been prescribed neither IV bisphosphonates nor teriparatide between January 

1, 2006 and March 31, 2007. We postulated that those with prior bad experiences with 

medications may be more likely to attribute adverse medical events or symptoms to 

their fracture prevention therapy and stop taking it for this reason, and assessed this as 

the number of adverse drug reactions (ADR’s) recorded in the medical record. Since 

the most common side effect leading to discontinuation of oral bisphosphonates is 

stomach upset, we postulated that a gastric acidity disorder such a gastro-esophageal 

reflux disease would predispose individuals to stop oral bisphosphonate therapy on 

account of perceived side effects. As a surrogate marker of gastric acidity disorder, we 

assessed whether or not a prescription of a proton pump inhibitor for more than one 

month between January 1, 2006 and March 31, 2007 had been recorded in the medical 

record. Smoking status, assessed at each Park Nicollet Clinic visit and entered into the 

medical record as a “vital sign”, and oral glucocorticoid use for more than three months 

between January 1, 2006 and March 31, 2007 were also recorded. 

If one or more bone density tests had been done, bone mineral density of the 

lumbar spine, total hip, femoral neck, and/or the forearm from the test done nearest in 

time to January 1, 2006 was recorded. We also recorded whether or not a lateral spine 

image was done with the bone mineral density test to document a prevalent vertebral 

fracture, and if it was, whether or not one or more prevalent vertebral fractures were 

documented by the physician interpreting the test. 
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 Statistical Analysis 

 Individuals whose surveys were missing data one-half or more of the items 

making up any of the scales were excluded. The remainder of the missing data was 

filled in with statistical imputation, creating a univariate imputation model for each 

missing item using all other items (including those from other scales and demographic 

variables) as predictor variables. A posterior distribution for each missing variable was 

created from these models, and a value for each missing datum was randomly 

selected from these distributions and imputed into the dataset. 

  Continuous Variable Distributions  

 The summed raw scores for concerns about medication, the patient-provider 

relationship quality, and worst bone mineral density T-score were all normally 

distributed. The distribution of perceived need for medication was skewed, and the 

summed raw scores were squared to achieve a normal distribution. The distribution of 

perceived fracture susceptibility*severity was also skewed, but the raw scores to the 

0.7 power were normally distributed and these transformed values were used in all 

statistical analyses. 

Validation of Self-Reported Persistence and Non-Compliance (missed 

doses) 

 Validation of self-reported persistence and self-reported non-compliance 

(missed doses) was done in two ways. Pharmacy claims data for oral bisphosphonate 

use between the dates of January 1, 2006 and March 31, 2007 were available for that 

subset of study participants whose health insurer was HealthPartners (n=82), as Park 

Nicollet clinic had access to those claims for those patients designating Park Nicollet 

clinic as their health care provider. The Medication Possession Ratio (MPR) was 

calculated as the ratio of the number of days of medication available for use as 

prescribed between the first and last prescriptions divided by the total number of days 

between the first and last prescriptions. A dichotomous variable was created, with 

“non-compliance” defined as an MPR < 0.8, and “compliance” defined as an MPR ≥ 

0.8. Agreement between overall non-persistence and self-reported non-compliance 

and compliance as defined by MPR was assessed using kappa statistics (table 3-1 ). 

 Non-persistence was also assessed by medical record review, and medical 

record non-persistence defined as documentation in the medication section of the 

medical record of an oral bisphosphonate being stopped and the passage of more than 
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one month before the same or another fracture prevention medication being 

prescribed. Agreement between overall non-persistence and medical record non-

persistence was assessed using kappa statistics (table 3-1 ). 

 

  Single Equation Regression Models 

 Logistic regression models were run for the three non-persistence dependent 

variables; non-persistence for any reason, due to side effects, and for reasons other 

than side effects. Each model included the four medication attitude predictors; 

perceived need for fracture prevention medication, concerns about medications, 

medication use self-efficacy, and medication cost-burden. Initial models also included 

the following control covariates; age, sex, educational attainment, income level, bone 

mineral density level, personal history of clinical fracture, family history of fracture, 

prevalent vertebral fracture, smoking status, chronic oral glucocorticoid use, fracture 

knowledge, depression, and the patient-provider relationship quality. Control covariates 

were eliminated in a stepwise fashion if their association with all three dependent 

variables was at a p-value of >0.20. However, the final models included all covariates 

that were significantly associated with any of the non-persistence dependent variables, 

so that qualitative comparisons of the strength of associations between predictors and 

different types of non-persistence could be done. 

 For those still being prescribed an oral bisphosphonate medication, logistic 

regression models were also run with the same main predictors and control covariates. 

Control covariates were again eliminated in a stepwise fashion if their association with 

non-compliance was at a p-value of >0.20.  

 

  Multivariate Path Models 

 Because we postulated a direct association between concerns about 

medications and perceived need for fracture prevention medication, even a model 

restricted to the four main medication attitude predictors would include one predictor 

(concerns about medication) that would have an additional indirect effect on medication 

use behavior through its effect on perceived necessity for fracture prevention 

medication. Single regression equation models will only capture the direct association 

between medication concerns and medication use behavior, and hence will 

underestimate the full effect of medication concerns. Therefore, figure 1 was also 
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estimated as a multivariate path model to estimate the total effect of medication 

concerns on medication use behavior. The multivariate models consisted of six 

simultaneous regression equations; three probit regressions with medication use 

behavior, medication use self-efficacy, and perceived medication cost burden as the 

dependent variables, and three OLS regressions with perceived necessity for 

medication, perceived fracture severity-susceptibility, and concerns about medications 

as the dependent variables. 

 

  Instrumental Variables Analysis 

 The multivariate path models are subject to bias if the error terms of the 

included regression equations are correlated. To evaluate bias in the multivariate 

models from such error correlations, an instrumental variables regression utilizing the 

ivprobit command of Stata 9.1 was run using demographic variables, objective 

indicators of fracture risk, fracture knowledge, depression, and the patient-provider 

relationship quality as instruments for perceived need for medication and concerns 

about medications. Since we are also postulating a direct effect of concerns about 

medications on perceived need for medication, two sets of analyses were done, the 

first set instrumenting only for perceived need for medication (using concerns about 

medication as one of the instruments), and a second set instrumenting for both 

perceived need for medication and concerns about medications. These models were 

first estimated in one step with a maximum likelihood estimator, but if convergence 

could not be achieved, then a two-step estimator(269) was used. Wald tests were done 

to assess if the error terms of these regressions were correlated.  

 

Results  

 Surveys were mailed to all 1179 individuals within the Park Nicollet care system 

who appeared to met all inclusion and exclusion criteria, but medical record review 

subsequently showed that 20 had received either intravenous bisphosphonate 

medication or subcutaneous teriparatide during the period January 1, 2006 through 

March 31, 2007, were deceased, had never been prescribed an oral bisphosphonate, 

or had documentation of dementia.  Hence the denominator to determine our response 

rate was 1,159 eligible participants, and among these 794 returned surveys, 4 surveys 

were returned as undeliverable, and 50 recipients called back actively refusing 
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participation. Sixty-five respondents were excluded because more than one-half of the 

items for one or more of the scales measuring predictor variables were not answered. 

The final response rate was 729 of 1159, or 62.9%. Among these 729 respondents, 

59% sent their survey back by July 31, and 97% had returned their survey by August 

31, 2007. Complete data was present for 510 (70%) and for the remaining 219 survey 

respondents a mean 1.26 items (of a total of 57) per participant had to be imputed. 

The characteristics of the 729 respondents with useable survey data and 380 

non-respondents who did not actively refuse study participation are shown table 3-2 .  

Respondents were nearly two years older, were slightly more likely to have an active, 

current prescription for an oral bisphosphonate recorded in the medical record at the 

time the survey was mailed, had more adverse drug reactions in the medical record 

than non-respondents, and slightly more were current smokers. Non-respondents and 

respondents were no different with respect to sex, weight, bone mineral density, 

documentation of prevalent vertebral fracture, or use of oral glucocorticoids or proton 

pump inhibitors. Among respondents, 24.4% had less than a high school education, 

23.9% were college graduates, nearly one-third had a personal history of fracture, and 

one-third had a family history of spine or hip fracture in a first degree relative. 

 

Single Regression Equations 

Overall self-reported non-persistence was strongly associated with perceived 

need for fracture prevention medication, and more modestly with concerns about 

medications, medication use self-efficacy, two or more adverse drug reactions, use of a 

proton pump inhibitor, current cigarette smoking, and younger age (table 3-3 ). 

Medication use self-efficacy was modestly inversely associated with overall non-

persistence. Self-reported non-persistence due to side effects was also associated 

strongly with perceived need for medication and 2 or more adverse drug reactions, 

modestly with medication concerns and proton pump inhibitor use, but not with 

medication use self-efficacy or perceived medication cost burden.  

 In contrast, self-reported non-persistence for reasons other than side effects 

was not associated with medication concerns, the number of adverse drug reactions, 

or proton pump inhibitor use. However, there was a strong association with perceived 

need for fracture prevention medication and the highest level of perceived cost burden, 

and a moderate inverse association with medication use self-efficacy.  
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 Among those reporting that they were currently being prescribed an oral 

bisphosphonate medication at the time the survey was mailed, non-compliance 

(missed doses) was modestly positively associated with medications concerns and 

strongly negatively associated with medication use self-efficacy (table 3-4 ). Non-

compliance was also significantly negatively associated with age, but no clear 

association was present between non-compliance and perceived need for fracture 

prevention medication, medication cost burden, use of a proton pump inhibitor, or the 

number of adverse drug reactions in the medical record.  

Objective measures of fracture risk (bone mineral density, prevalent vertebral 

fracture, family history of fracture, and personal history of fracture) and the provider-

patient relationship quality were not associated with any aspect of self-reported 

medication use behavior independent of other predictors.  

  Multivariate Path Models 

 The standardized effects for each of the four primary medication attitudes 

variables on each of the four dependent medication use behavior variables are shown 

in figure 3-1 . Concerns about medication were modestly but significantly associated 

with perceived need for medication, and concerns about medication had significant 

indirect effects through need for medication on overall non-persistence, non-

persistence due to side effects, and non-persistence due to other reasons. These 

indirect effects represent, respectively, 31.8%, 17.8%, and 50.8% of the total effects of 

concerns about medications on overall non-persistence, non-persistence due to side 

effects, and non-persistence for other reasons. Among the subset on an oral 

bisphosphonate medication at the time of the survey, nearly all of the effects of 

medication concerns on non-compliance (missed doses) are direct.  

 A one standard deviation (SD) change in perceived need for medication (from 

the mean to 1 SD above the mean) would be predicted to cut the proportion of those 

self-reporting non-persistence due to side effects, for other reasons, or for any reason 

by one-third (table 3-5 ). A one SD decrease of medication concerns below the mean 

would be predicted to cut overall self-reported non-persistence, non-persistence due to 

side effects, and the proportion missing doses by about one fifth to one quarter. 

Achieving high medication use self-efficacy would be predicted to reduce the 

proportion of those missing doses of fracture prevention medication by one-third. 
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Otherwise, changes in medication use self-efficacy and perceived medication cost 

burden have only slight effects on self-reported medication use behavior. 

 

Instrumental Variables Analysis  

 For each of the four medication use behavior dependent variables, instrumental 

variables analyses, estimated with a maximum likelihood estimator) and using 

instruments only for perceived need for medication (using concerns about medications 

as one of the instruments), showed no evidence of error correlations between the 

regressions of perceived need for medication and of medication use behavior (table 3-

6). In this instance, instruments for perceived need postulated to be uncorrelated with 

any of the medication use behavior dependent variables (independent of other 

predictors) were income, education level, sex, bone mineral density, family history of 

fracture, personal history of fracture, prevalent vertebral fracture, depression, and 

fracture knowledge.  

Analyses instrumenting for both perceived need for medication and concerns 

about medications similarly showed no evidence of error correlations between the error 

terms of either of these two endogenous predictor and any of the four medication use 

behavior dependent variables (table 3-7 ). In this instance, models using a one-step 

maximum likelihood estimator would not converge, and these models were estimated 

using a two-step estimator. Instruments for both perceived need for medication and 

concerns about medication postulated to be uncorrelated with any of the medication 

use behavior dependent variables (independent of other predictors) were income, 

education level, sex, bone mineral density, family history of fracture, personal history of 

fracture, prevalent vertebral fracture, depression, fracture knowledge, and number of 

medication doses each day. 

 

Discussion  

 Non-persistence and non-compliance with medication to prevent osteoporotic 

fracture has been shown in a large number of descriptive studies done with pharmacy 

claims to be common among those prescribed oral bisphosphonate therapy.(28, 29, 

34, 38, 44) Those who are non-persistent and/or non-compliant are more likely to 

suffer fractures than those who are persistent and compliant with oral bisphosphonate 

medication.(33, 34, 59, 61, 63, 65)  
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 In this retrospective cross-sectional survey and medical record review study, 

perceived need for medication, concerns about the long-term safety of and 

dependence upon medication, and medication use self-efficacy were significantly 

associated with overall non-persistence. The associations of perceived need for 

medication and medications concerns with medication persistence were quite 

consistent with studies of Horne and colleagues, who have documented these 

associations in patient populations with other chronic diseases.  

Certain variables were more strongly associated with non-persistence due to 

side effects than with non-persistence due to other reasons, and vice versa. 

Medications concerns, number of adverse drug reactions, and use of a proton pump 

inhibitor were all associated with non-persistence due to side effects but not with non-

persistence for other reasons. A medication side effect requires the occurrence of both 

an adverse event and attribution of causality for that event to the medication. We 

suspect that those with concerns about the long-term safety of medications and/or prior 

bad experiences with medications may be quicker to attribute the cause of an adverse 

event to one or more of their current medications. The association between medication 

concerns and non-persistence due to side effects could conceivably be due to reverse 

causality (side effects causing medication concerns), but we believe this is unlikely 

given that medication concern was not associated with the number of adverse drug 

reactions in the medical record. We believe that the use of a proton pump is associated 

with non-persistence due to side effects because PPI use is a marker for gastric acidity 

disorder and tendency to experience adverse upper gastrointestinal events, and such 

events are the most likely side effects associated with oral bisphosphonate drugs. 

Since we did not directly assess the experience of adverse effects and perceived 

cause of those events, further research will be required to confirm these hypotheses. 

 Conversely, non-persistence for reasons other than side effects was associated 

with medication use self-efficacy and the highest level of perceived cost burden, but 

not with medication concerns, number of ADR’s, and PPI use. While others have not 

found perceived cost burden to be associated specifically with medication use to 

prevent fractures, those other studies have not specifically separated non-persistence 

due to side effects from non-persistence due to other reasons.  

 Perceived need for fracture prevention medication turned out to have the 

greatest impact on overall non-persistence. While the overall effect of concerns about 
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medications appeared to be more modest, a significant proportion of the effects of 

medication concerns on non-persistence was indirect through perceived need for 

fracture prevention medication. Concerns about medication have greater effects on 

self-reported medication non-persistence than indicated by single equation regression 

models, and in the case of non-persistence due to side effects, the magnitude of its 

effect is as great as that of perceived need for fracture prevention medication. 

 Among those who report they have a current prescription for an oral 

bisphosphonate, non-compliance to oral bisphosphonate medication (conceptualized 

as missing doses) was as expected particularly and strongly associated with 

medication use self-efficacy, and also modestly with medication concerns. An 

important component of concerns about medications as conceptualized in this study is 

concern about dependence on medication, and a belief that medications should be 

stopped for while every now and then. We hypothesize, based on these results, that 

avoiding medication every now and then reduces these patient’s fears of dependence 

upon and long-term harm from chronic medications. Further research will be required 

to confirm this hypothesis. If this hypothesis is correct, it would imply that even among 

individuals who do not deliberately stop a prescribed medication, doses may be missed 

for both intentional reasons and/or unintentionally. 

 In contrast, we found no association between non-compliance and perceived 

need for fracture prevention medication. It appears that if a person has sufficient 

perceived need for medication not to stop it altogether, that then other factors are much 

more important in determining whether or not they miss doses. Among the 607 

participants who reported being prescribed an oral bisphosphonate medication at the 

time of the survey, 21.4% and 24.7%, respectively, were nonetheless in the lowest and 

next to lowest quartiles of need for fracture prevention medication, and hence lack of 

variation in the predictor variable cannot account for this negative result.  

Although we did not demonstrate any direct association of objective measures 

of fracture risk, fracture knowledge, and the patient-provider relationship quality with 

any formulation of medication use behavior independent of the other predictors 

included in our models, it should noted that these variables may still have important 

effects on medication use behavior through medication attitudes such as perceived 

need for fracture prevention medication and concerns about medications. These 
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indirect associations are beyond the scope of this paper but will be addressed in 

subsequent publications. 

 Our results parallel the associations of compliance with medication to treat 

other chronic diseases with perceived need for medication and medication concerns 

that Horne and colleagues have reported.(143, 145-147, 266, 270) With respect to 

concerns about medications,  our results are consistent with those of Carr and 

colleagues,(265) and McHorney and colleagues(41) who noted a similar association 

between concerns about the long-term safety of and dependence upon medication and 

self-reported use of fracture prevention medication. The results of this study are also 

consistent with those of McHorney et. al.(41) and Cline and colleagues(58) who found 

that strong beliefs in the efficacy of fracture prevention medication to be strongly 

associated with compliance to fracture prevention medication as measured by 

pharmacy refill records and self-report.  

Perceived efficacy of fracture prevention medication is not synonymous with 

perceived need for fracture prevention medication. One could logically believe that a 

medication that effectively prevents fractures is nonetheless not needed if one believes 

that one is not susceptible to those fractures, that fractures are of trivial consequence, 

or that the medication also may cause significant harm to one’s health. Nonetheless, 

we believe that belief in the efficacy of a fracture prevention medication is a necessary, 

albeit insufficient, condition to consider a fracture prevention medication necessary to 

maintain one’s health. While several survey studies have suggested that side effects is 

the most important reason for these to be discontinued,(41, 50, 54, 57, 265, 271) other 

qualitative research studies performed with focus groups and discrete choice 

experiments have shown that beyond the experience of short-term side effects, 

patients express significantly greater willingness and intent to adhere to medication 

they perceive to be effective and safe with long-term use.(136, 272-284) 

This study adds significantly to the existing medication compliance literature 

several important ways. While three other studies have used multivariable regression 

models to assess the associations of medication attitudes and beliefs with fracture 

prevention medication compliance adjusting for other predictors,(41, 58, 265) only one 

prior study used multivariate path models so that indirect effects of predictors on 

medication use behavior through other predictors can be assessed.(145) This prior 

study, however, did not report use of instrumental variables or other analyses to 
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assess their multivariate path model for bias from regression error correlations. 

Second, ours is the first to conceptualize perceived need for medication as an 

attitudinal predictor of and to assess the utility of the medication necessity-concerns 

framework to explain use of fracture prevention medication. Third, in contrast to other 

studies of the medication necessity-concerns framework as an explanatory model for 

medication use behavior in chronic diseases other than osteoporosis, this is the first to 

demonstrate that some of the effect of concerns about medications is through 

perceived need for medication. 

Fourth, ours is the only study to specifically assess predictors of non-

persistence due to side effects in comparison to predictors of non-persistence for 

reasons other than side effects. Other studies have considered side effects to be a 

predictor in and of itself for discontinuation of medication. However, a side effect can 

be conceptualized as the serial combination of an adverse event followed by a causal 

attribution of that event to one or more of the medications currently being used. 

Investigation of why side effects are perceived and why those perceptions lead to 

medication non-compliance may yield clues as to why and how patients make causal 

inferences that a particular drug is causing an adverse event. While our study gives 

some initial clues as to what factors may influence this process, clearly further research 

is needed in this area.  

Fifth, while other studies have investigated barriers such as cost or difficulty 

with dosing instructions as predictors of medication non-compliance, ours is the only 

study to use medication use self-efficacy as a predictor in multivariable models of 

fracture prevention medication. While difficulty with dosing instructions for a specific 

medication is highly likely to be correlated with medication use self-efficacy, we believe 

medication use self-efficacy to be a more generalized attitude. However, further 

research is required to determine if medication use self-efficacy is associated with non-

compliance with medications used to treat other chronic conditions.  

Our study has other important strengths. The response rate of this study (63%) 

is equivalent to or better than that reported in most other survey studies of fracture 

prevention medication compliance. Our use of a multivariate path model to assess 

indirect effects of predictors on medication use behavior used instrumental variables 

analysis to look for bias from regression error term correlations, to yield robust direct 

and indirect estimates of these effects. Compared to other studies of predictors of 
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fracture prevention medication use behavior, we were better able to compare survey 

respondents to non-respondents on account of having access to the medical 

record.(41, 58) 

The overall effect of these variables is modest, and the full path models 

estimated that 22%, 18%, 23%, and 23%, respectively, of the variances of overall non-

persistence, non-persistence due to side effects, non-persistence for other reasons, 

and non-compliance were explained by these models. The explanatory power of these 

models is slightly lower than other studies of the necessity –concerns framework and 

medication use behavior where non-persistence and non-compliance were assessed 

by self-report and modeled as continuous variables.(143, 145) The area under the 

ROC curves for our single equation models predicting non-persistence or non-

compliance (0.71 to 0.74) were slightly lower compared to the only study of the 

association of compliance with fracture prevention medication as assessed by 

pharmacy claims and medication attitudes (ROC curve area 0.82).(41) We suspect that 

we lost some explanatory power of medication use behavior by using self-report rather 

than pharmacy claims to assess medication use behavior, and by the necessity to 

model self-reported medication use behavior as dichotomous rather than continuous 

variables. However, the effect of this modest loss of precision would be to bias our 

associations between medication attitudes and medication use behavior toward the 

null. 

There are other important limitations to our study. Although our response rate is 

reasonable, a larger proportion of non-respondents did not have a current prescription 

for oral bisphosphonate therapy in the medical record, and therefore is it likely that a 

higher proportion of survey non-respondents were non-persistent with fracture 

prevention medication and that our respondent subset is not fully representative of the 

population of patients prescribed oral bisphosphonate medications. Second, self-report 

was used to assess non-persistence and non-compliance, as we did not have access 

to pharmacy claims for our full study sample. However, we were able to assess the 

correspondence between our self-report measures of medication use behaviors and 

pharmacy claims in a small subset of our sample, and between self-reported non-

persistence and medical record documentation of fracture prevention medication 

discontinuation. While these correlations were only modest, they are consistent with 

other studies.(239, 241, 245, 247, 248, 285) The cross-sectional nature of our study 
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means that we cannot rule out reverse causality as an explanation for some of our 

findings. For example, it is conceivable that some patients concluded that they did not 

need fracture prevention medication if they stopped the medication and then did not 

experience any fractures. If the association between perceived need for medication 

and non-persistence is in part due to reverse causality, the apparent strength of the 

direct effect of perceived need for fracture prevention medication on non-persistence 

may be exaggerated. However, the similarity between the parameter estimates for 

perceived need for medication when it is modeled as an exogenous predictor and 

when it is instrumented would suggest that this is not a serious source of bias. Finally, 

our study population included patients from only one large multi-speciality clinic and 

was overwhelmingly white and female, thereby limiting the generalizability of the 

results of this study.  

In conclusion, medication non-persistence due to side effects with oral 

bisphosphonate medication to prevent fractures appears to be negatively associated 

with perceived need for medication and positively associated with prior adverse 

experiences with medications, concerns about the long-term safety of and dependence 

upon medications, and use of proton pump inhibitors. Non-persistence for reasons 

other than side effects with oral bisphosphonate medication to prevent fractures 

appears to be negatively associated with perceived need for fracture prevention 

medication, medication use self-efficacy, and positively with the highest level of 

perceived cost burden and with younger age. In contrast, non-compliance (missing 

doses) appears to be associated primarily with medication use self-efficacy, concerns 

about the long-term safety of and dependence upon fracture prevention medication, 

and younger age. Interventions to improve fracture prevention medication compliance 

that elicit and address patients’ concerns about medication safety, dependence and 

cost, their medication use self-efficacy, and also whether or not patient’s perceived 

need for fracture prevention medication is based on a realistic appraisal the health 

consequences of not taking medication may improve medication use behavior.   
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Figure 3-1: Effects of Medication Attitudes on Medi cation Use Behavior 
 
Panel A – Overall Non-Persistence  Panel B – Non-Compliance (Missed Doses)   

Need for 

Medication 

Medication 

Non-Persist 

(Overall)

Medication 

Concerns 

Medication Cost 

Burden 

Med Use Self-

Efficacy 
0.05

-0.14*

0.12*

-0.33**
-0.17**

           

Need for 

Medication

Non-

Adherence 

(Misses Doses

Medication 

Concerns 

Medication 

Cost Burden 

Med Use 

Self-Efficacy 
0.00

-0.38**

0.19**

-0.07

-0.17**

  
Model Fit Statistics: Chi2 45.8, p-value=0.24  Model Fit Statistics: Chi2 47.0, p-
value=0.20 
CFI = 0.98, RMSEA = 0.015    CFI = 0.97, RMSEA = 0.016  
 
 
 
 
 
Panel C – Non-Persistence (Side Effects) Panel D- Non-Persistence (Other Reasons) 

Need for 

Medication 

Medication 

Non-Persist 

(Side Effects)

Medication 

Concerns 

Medication Cost 

Burden

Med Use Self-

Efficacy
0.01

-0.11*

0.18*

-0.23**-0.17**

   

Need for 

Medication 

Medication 

Non-Persist 

(Other Reasons)

Medication 

Concerns 

Medication Cost 

Burden

Med Use Self-

Efficacy
0.17**

-0.20**

0.04

-0.28**-0.17**

 
Model Fit Statistics: Chi2 45.8, p-value=0.21  Model Fit Statistics: Chi2 45.8, p-
value=0.24 
CFI = 0.97, RMSEA = 0.016    CFI = 0.97, RMSEA = 0.015 
 
*Effect significant at p-value <0.05 
**Effect significant at p=value <0.01
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Table 3-1: Agreement Between Self-Reported Overall Non-Persistence and 
(Among Persisters) Non-Compliance and Other Measure s of Oral 
Bisphosphonate Non-Compliance) 
 

Objective 
Measure of 

Non-
Compliance 

Self -Reported Non -
Persistence  

Self -Reported One or More 
Missed Doses 

Number of 
Patients 

Kappa  
(Standard 

Error) 

Number of 
Patients 

Kappa  
(Standard 

Error) 
Medication 
Possession 

Ratio 

82 0.28 
(0.11) 

 

69 0.40 
(0.11) 

Medical Record 
Documentation 

of Non-
Persistence 

729 0.47 
(0.04) 

N/A* N/A* 

*Not applicable 
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Table 3-2: Characteristics of Study Survey Responde rs and Non-Responders 
 

Variable  
 

Final Responder 
(n=729) 

Non-Final 
Responder 

(n=380) 

P-value  

Age, age (SD)  66.4 (10.1) 64.6 (10.8) <0.01* 

Sex: Women  
Men 

Women: 681 (93.4%) 
Men: 48 (6.6%) 

Women: 356 (93.7%) 
Men: 24 (6.3%) 

0.86** 

Body Weight (Medical 
Record), lbs (SD) 

148.7  
(30.8) 

147.7  
(31.5) 

0.61* 

Still On Fracture Oral 
Prevention Med (Medical 

Record):  

Yes: 626 (85.9%) 
No: 103 (14.1%) 

Yes: 299 (78.7%) 
No: 81 (21.3%) 

<0.01** 

Oral glucocorticoid Use                           
(Medical Record) 

Yes: 66 (9.0%) 
No: 663 (91.0%) 

Yes: 41 (10.8%) 
No: 338 (89.2%) 

0.35** 

Proton Pump Inhibitor 
Use (Medical Record) 

Yes: 189 (25.9%) 
No: 540 (74.1%) 

Yes: 92 (24.2%) 
No: 288 (75.8%) 

0.53** 

Number of ADR’s 
(Medical Record) 

0: 324 (44.4%) 
1: 281 (38.5%) 
≥ 2: 124 (17.1%) 

0: 163 (42.9%) 
1: 94 (24.7%) 
≥ 2: 123 (32.4%) 

<0.01** 

Smoking Status (Medical 
Record) 

Current: 62 (8.5%) 
Past: 258 (35.5%) 

Never: 406 (55.9%) 

Current: 48 (12.9%) 
Past: 119 (31.9%) 

Never: 206 (55.2%) 

0.06** 

Worst Bone Density  T -
score (SD) 

-2.64  
(0.65) 

-2.67  
(0.74) 

0.42* 

Prevalent Vertebral 
Fracture on VFA 

No: 180 (24.7%) 
Unknown: 490 

(67.2%) 
Yes: 59 (8.1%) 

No: 86 (26.5%) 
Unknown: 209 

(64.5%) 
Yes: 29 (8.9%) 

0.69** 

Educational  Status  
Some High School 
High School Grad 

Some College 
College Grad  

 
178 (24.4%) 
233 (32.0%) 
144 (19.7%) 
174 (23.9%) 

 
Not Available 

 

Income Per Year  
<$30,000 

30 to $59,000 
60 to $89,000 
≥ $90,000 

 
181 (24.8%) 
203 (27.8%) 
140 (19.2%) 
205 (28.1%)  

 

 
Not Available 

 

Personal History of Hip, 
Spine, Wrist, Humerus, 

or Pelvis Fracture 

 
Yes: 33.7% 
No: 66.3% 

 
Not Available 

 

Family History of Hip or 
Spine Fracture 

Yes: 28.5% 
No: 71.5% 

Not Available  

*Student t-test   **Chi-square 
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Table 3-3: Predictors of Non-Persistence Due to Sid e Effects and for Reasons 
Other than Side Effects^ 
 

 
Predictor 

Non-Persistence 
Overall* 

OR (95% C.I.) 

Non-Persistence Due 
to Side Effects** 

OR (95% C.I.) 

Non-Persistenc e For 
Other Reasons*** 

OR (95% C.I.) 
Perceived Need 
for Medication 

(squared) 

 
0.53 (0.44 – 0.64) 

 
0.60 (0.48 – 0.75) 

 
0.61 (0.49 – 0.77 

Medication 
Concerns                 

(per SD increase) 

 
1.19 (1.00 – 1.43) 

 
1.24 (1.01 – 1.53) 

 
1.09 (0.88 – 1.35) 

Medication Use 
Self-Efficacy 

0.67 (0.48 – 0.94) 0.79 (0.52 – 1.18) 0.61 (0.40 – 0.95) 

Med Cost Burden          
Quintile 2 vs. 1                     
Quintile 3 vs. 1                     
Quintile 4 vs. 1                     
Quintile 5 vs. 1 

                                    
0.76 (0.46 – 1.24)    
0.57 (0.31 – 1.03)    
0.67 (0.39 – 1.17)    
1.25 (0.70 – 2.21) 

                                                       
0.84 (0.46 – 1.51)                 
0.80 (0.40 – 1.60)              
0.92 (0.49 – 1.73)              
0.70 (0.35 – 1.41) 

                                              
1.26 (0.64 – 2.46)                  
1.01 (0.45 – 2.25)            
1.54 (0.75 – 3.13)            
3.36 (1.66 – 6.79)  

 
Number Adverse 
Drug Reactions 
Tertile 2 vs. 1                          
Tertile 3 vs. 1 

 
                                     

1.15 (0.79 – 1.67)     
1.93 (1.18 – 3.13) 

 
                                                                                                   

1.70 (1.08 – 2.69)         
2.78 (1.60 – 4.85) 

 
                                               

0.86 (0.54 – 1.38)            
1.75 (1.00 – 3.07) 

Use of Proton 
Pump Inhibitor 

1.66 (1.13 – 2.43) 1.60 (1.04 – 2.45) 0.94 (0.59 – 1.51) 

Age (per 10 year 
increase) 

0.80 (0.67 – 0.95) 0.96 (0.78 – 1.18) 0.72 (0.59 – 0.90)  

Smoking Status:  
Past vs. Never 

Current vs. Never 

 
1.30 (0.90 – 1.86) 
2.22 (1.22 – 4.05) 

 

 
1.18 (0.77 – 1.79) 
1.37 (0.67 – 2.77) 

 
1.16 (0.75 – 1.82) 
2.26 (1.16 – 4.37) 

^Parameter estimates in bold are statistically significant at p < 0.05 level 
*Area under ROC curve 0.72 (95% C.I. 0.69 – 0.76)   
**Area under ROC curve 0.71 (95% C.I. 0.67 – 0.76)   
***Area under ROC curve 0.74 (95% C.I. 0.69 – 0.78) 
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Table 3-4: Predictors of Non-Compliance (One or Mor e Missed Doses Over the 
Past Month) Among Those Persisting With Oral Bispho sphonate Therapy^ 
 

Predictor  Non-Compliance *                                                 
(Yes vs. No)                                                     
OR (95% C.I.) 

Perceived Need for Medication                                    0.86 (0.71 – 1.06)         
                                                                   

Medication Concerns                                            
(per SD increase) 

1.26 (1.04 – 1.52) 

Medication Use Self -Efficacy  0.42 (0.29 – 0.61) 
 

Medication Cost Burden                                
Quintile 2 vs. 1                                            
Quintile 3 vs. 1                                              
Quintile 4 vs. 1                                               
Quintile 5 vs. 1 

                                                                             
0.75 (0.43 – 1.33)                                             
1.29 (0.68 – 1.43)                                          
0.98 (0.54 – 1.80)                                         
1.05 (0.55 – 2.02) 

Use of Proton Pump Inhibitor  1.02 (0.68 – 1.56) 
 

Number Adverse Drug Reactions                        
Tertile 2 vs. 1                                             
Tertile 3 vs. 1 

                                                    
1.18 (0.79 – 1.76)                                        
1.19 (0.70 – 2.04) 

Age                                                                   
(per 10 year increase) 

0.60 (0.49 – 0.73) 

^Parameter estimates in bold are statistically significant at p < 0.05 level 
*Area under ROC curve 0.70 (95% C.I. 0.66 – 0.74) 
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Table 3-5: Changes of Predicted Proportions Non-Per sistence of Missed Doses 
With Changes of Medication Attitude Predictors 
 

 
Predicted 
Outcome 

 

Predictor  
 

Perceived 
Need* 

Concerns 
about 

Medications* 

Medication Use 
Self-Efficacy** 

Perceived 
Medication Cost 

Burden*** 
 

Level of 
Predictor 

Mean +1 SD Mean -1 SD Low High 4th 
Quintile 

2nd 
Quintile 

 
Overall Non -
Persistence 

34.2% 22.9% 34.2% 27.9% 40.3% 34.9% 32.4% 30.7% 

Non-
Persistence 

(Side Effects) 

 
18.9% 

 
13.3% 

 
18.9% 

 
13.6% 

 
22.0% 

 
18.9% 

 
21.2% 

 
20.8% 

Non-
Persistence 

(Other 
Reasons) 

 
17.8% 

 
11.6% 

 
17.8% 

 
15.6% 

 
22.8% 

 
17.1% 

 
18.5% 

 
14.4% 

Non-
Compliance 

(Missed 
Doses) 

 

34.6% 32.1% 34.6% 27.5% 44.9% 30.6% 35.3% 34.9% 

*All other predictors set to mean values 
**All other predictors set to values associated with low self-efficacy 
***All other predictors set to values associated with the 4th quintile of perceived 

medication cost burden 
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Table 3-6: Parameter Estimates for Predictors of Me dication Use Behavior When 
Perceived Need is Exogenous and When Perceived Need  is Instrumented 
 

Medication Use 
Behavior 

Dependent 
Variable 

 

 
Perceived Need 

Exogenous* 
(95% C.I.) 

 
Perceived Need 
Instrumented* 

(95% C.I.) 

 
Wald Test  Chi-

square^ 

Overall Non -
Persistence 

 

-0.37 
(-0.49 to -0.26) 

-0.39 
(-0.81 to 0.02) 

0.01  
(p-value = 0.91) 

Non-Persistence 
(Side Effects) 

 

-0.25 
(-0.37 to -0.12) 

-0.18 
(-0.68 to 0.32) 

0.07  
(p-value = 0.79) 

Non-Persistence 
(Other Reasons) 

 

-0.29 
(-0.42 to -0.16) 

-0.49 
(-0.93 to -0.05) 

0.73  
(p-value = 0.39) 

Non-Compliance 
(Missed Doses) 

 

-0.07 
(-0.19 to 0.05) 

0.19 
(-0.37 to 0.75) 

0.81  
(p-value = 0.37) 

^Wald chi-square test is for significance for correlation between the error terms of the 
individual regressions within the multivariate model  

 
*Parameter estimates are standardized to standard deviation of perceived need for 

medication squared 
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Table 3-7: Parameter Estimates for Predictors of Me dication Use Behavior 
When Perceived Need and Medication Concerns are Exo genous and When 
Perceived Need and Medication Concerns are Instrume nted 
 

 
Medication 

Use Behavior 
 

 
Perceived Need for 

Medication* 
 

 
Concerns about 

Medication* 
 

 
Wald 
Test 
Chi 2     
(p-

value)^ 
 

Exogenous 
(95% C.I.) 

Instrumented 
(95% C.I.) 

Exogenous 
(95% C.I.) 

Instrumente
d 

(95% C.I.) 
 

Overall Non -
Persistence 

-0.37 
(-0.49 to -0.26) 

-0.43 
(-0.87 to 0.01) 

0.11 
(0.00 to 0.22) 

0.03 
(-0.34 to 0.39) 

0.24 
(0.89) 

 
Non-Persistence 

(Side Effects) 
-0.25 

(-0.37 to -0.12) 
-0.32 

(-0.82 to 0.18) 
0.13 

(0.01 to 0.26) 
-0.09 

(-0.50 to 0.33) 
1.60 

(0.45) 
 

Non-Persistence 
(Other Reasons) 

-0.29 
(-0.42 to -0.16) 

-0.53 
(-1.04 to -0.02) 

0.05 
(-0.08 to 0.17) 

-0.11 
(-0.54 to 0.31) 

1.02 
(0.60) 

 
Non-

Compliance 
(Missed Doses) 

-0.07 
(-0.19 to 0.05) 

0.07 
(-0.43 to 0.57) 

0.15 
(0.03 to 0.27) 

0.13 
(-0.26 to 0.52) 

0.60 
(0.74) 

 

 
^Wald chi-square test is for significance for correlation between the error terms of the 

individual regression equations within the multivariate model  
 
*Parameter estimates are standardized to standard deviation of perceived need for 

medication squared 
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Abstract  

Background:  Persistence with and compliance to medications to prevent fractures 

among patients with osteoporosis is suboptimal. Perceived need for medication is 

postulated to be an important predictor of medication use behavior, consistent with 

discrete choices made by patients on the basis of perceived utility and costs of 

alternative behavioral choices. However, no study to date has investigated what factors 

predict the degree to which a patient will perceive a need to take a medication to 

prevent adverse health events from fractures in the future. Specifically, among those 

with osteoporosis, no study has investigated the degree to which objective indicators of 

fracture risk,  and independent of these the association of the patient-provider 

relationship quality, determine a patient’s perceived need for medication to prevent 

future fractures. 

Objective: To estimate the association of perceived need for fracture prevention 

medication within the context of a conceptual path model with the following postulated 

predictor variables; knowledge of fractures, bone mineral density, family history of 

fractures, personal history of fractures, prevalent vertebral fracture documented on 

lateral spine imaging, perceived susceptibility to and health consequences of fractures, 

concerns about the long-term risks of and dependence upon medications, and the 

quality of the patient-provider relationship quality. 

Methods:  A cross-sectional survey and medical record review was carried out among 

1,159 individuals prescribed an oral bisphosphonate medication between January 1 

2006 and March 31 2007. Bone mineral density and prevalent vertebral fracture status 

were assessed by medical record review. All other variables were assessed by self-

report scales or single survey items. A multivariate path model was fit to estimate the 

conceptual model of predictors of perceived need for medication. Instrumental 

variables regression models were used to assess bias from the inclusion of 

endogenous predictors in the multivariate model. 

Results: Perceived susceptibility to and severity of fractures and the patient-provider 

relationship quality were moderately and significantly associated with perceived need 

for fracture prevention medication. Concerns about the long-term safety of and 

dependence upon medications was mildly but significantly negatively associated with 

perceived medication need. Bone mineral density, personal history of fracture, and 

family history of fracture were only weakly associated with perceived medication need. 
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Independent of all of these other predictors, those with one or more prevalent vertebral 

fractures on lateral spine imaging were significantly more likely to perceive need for 

fracture prevention medication. 

Conclusion: The patient-provider relationship quality has a modest effect on perceived 

need for fracture prevention medication. However, several objective indicators of 

fracture risk are only weakly associated with perceived for fracture prevention 

medication, suggesting that providers may not be leveraging the trust that the patient’s 

have in them to improve patient understanding of their fracture risk. Documenting one 

or more prevalent vertebral fractures on lateral spine imaging may influence patients 

perception of their need for fracture prevention medication and has the potential to 

positively influence persistence with fracture prevention medications. 
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Introduction  

 Fractures related to osteoporosis are an increasing cause of morbidity in the 

population, and in the case of hip fractures and possibly vertebral fractures, a cause of 

mortality as well. At age 60, men and women, respectively, have a 25% and a 44% 

chance of having a fracture related to osteoporosis in their remaining lifetimes.(259) 

Several medications have been shown to reduce the risk of fractures related to 

osteoporosis, beyond what non-medicinal measures such as optimizing vitamin D and 

calcium intake can achieve. The oral bisphosphonates are the most common type of 

medication used to preserve or improve bone strength, and reduce fractures by 30 to 

50%.(260, 264, 286) However, numerous descriptive studies have shown that within 1 

to 2 years of being prescribed an oral bisphosphonate medication, only 32 to 68% are 

still taking it.(28, 29) Generally, treatment courses of at least 3 to 5 years are 

recommended with oral bisphosphonate therapy.(287) This pattern of non-persistence 

has also been demonstrated in studies of oral medication used to prevent adverse 

health events associated with other chronic conditions such as hypertension,(24, 25, 

288, 289) hyperlipidemia,(26, 27) and asthma.(290) Non-compliance with fracture 

prevention medication is in turn associated with higher incidence of fractures and 

health care costs.(34, 59, 60, 63) 

 Perceived need for medication has been shown to be a significant predictor of 

compliance with medication to treat a variety of chronic conditions,(143, 145-147, 266, 

275, 291, 292) and may be a necessary but insufficient condition for medication 

compliance.(292) In turn, social cognition models such as the Health Belief Model(90, 

92) and the Self-Regulatory Model(93) predict that perceived need for medication to 

prevent adverse future events such as fractures is, in turn, associated with perceived 

susceptibility to the target event, the perceived severity (health consequences) of the 

target event, the perceived efficacy of the drug, but also the perceived risks of the 

intervention. However, no studies to date have specifically examined how strongly 

these predictors are associated with perceived necessity for medication to prevent 

adverse future health events, including fractures. Moreover, no study to date has 

assessed the congruence of medication necessity beliefs and perceived susceptibility 

to the target condition with patients’ actual risks of experiencing the target condition 

and the actual health consequences of that condition. 
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The primary objective of this analysis was to estimate the associations of 

perceived need for fracture prevention medication with perceived susceptibility to and 

severity of fractures, concerns regarding the long-term safety of and dependence upon 

medications, the quality of the patient-provider relationship quality and with objective 

indicators of fracture risk (bone mineral density, personal and family history of 

fractures, prevalent vertebral fracture on lateral spine imaging, cigarette smoking, and 

oral chronic glucocorticoid use). Our secondary objectives were to estimate the 

associations of perceived susceptibility to and severity of fractures with objective 

indicators of fracture risk, knowledge about fractures, and the patient-provider 

relationship quality.  

 

Methods  

 This study was reviewed and approved by the Institutional Review Boards of 

both Park Nicollet Heath Services and the University of Minnesota. 

 Data 

This dataset is from a survey and medical record review of patients given one 

or more prescriptions for oral bisphosphonate therapy at Park Nicollet Clinic between 

the dates of January 1, 2006 and March 31, 2007. Candidate participants were those 

age 21 to 84 with one or more prescriptions for a bisphosphonate medication in the 

electronic medication record in this time period, who had had a clinic visit within 6 

months of the mailing date of the survey (to assure they were still receiving care at 

Park Nicollet Clinic), and did not have a diagnosis of dementia. Candidates for 

participation also had to have signed the Park Nicollet general consent form (given to 

all patients at time of registration as a clinic patient and updated once per year) 

allowing their medical records to be used for research purposes. We subsequently also 

excluded those who were prescribed intravenous bisphosphonates or subcutaneous 

teriparatide between January 1, 2006 and March 31, 2007, so that all questions 

regarding fracture prevention medication use would be unequivocally interpreted as 

regarding oral fracture prevention medications. 

 Potential study participants were mailed the survey during the week of July 16 

through 20, 2007. Those who had not returned the survey within two weeks were 

mailed a reminder postcard. Those who had still not returned the survey or called in to 

actively refuse participation were mailed a second survey one month later. Among the 
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subset of survey respondents, 59% sent their survey back by July 31, and 97% had 

returned their survey by August 31, 2007. 

Where possible, scales to measure these constructs were derived from 

previously validated scales, but for some constructs we were unable to find any 

appropriate measures and hence developed new scales to measure these. The 

unidimensionality of these scales was assessed using principle components analysis of 

all scale items together, and also from principle components analyses of each scale 

separately. A ratio of the first to second eigenvalue of greater than 3.0 was considered 

to be strong evidence of unidimensionality for each scale. 

 Conceptual Framework 

 The primary predictors of patient perceived need for fracture prevention 

medication were postulated to be perceived susceptibility to and severity (health 

consequences) of fractures, concerns about long-term safety of and dependence upon 

medications, and the quality of the patient-provider relationship quality (figure 4-1 ). We 

postulated that objective indicators of fracture risk (BMD, personal and family history of 

fracture, and prevalent radiographic vertebral fracture on spine imaging) would 

influence perceived need for fracture prevention medication primarily through 

perceived susceptibility to and severity of fractures, but that a direct effect on perceived 

need for fracture prevention medication might also be present due to imperfect 

measurement of perceived susceptibility to and severity of fractures with survey 

instruments. We also postulated a direct effect of concerns about the long-term safety 

of and dependence upon medication on perceived necessity for medication, since 

concerns that medications in the long-run may be injurious to health logically might 

lead a person to conclude that their health is not facilitated by use of a medication even 

if they are at high risk of the target condition and believe that the medication has 

efficacy.  

The quality of the patient-provider relationship quality was postulated to have a 

direct effect on perceived need for medication, but to also to have a negative 

association with medication concerns and therefore to also have an indirect effect on 

perceived need for medication. We also postulated that knowledge about fractures 

would be associated with perceived susceptibility to and severity (health 

consequences) of spine and hip fractures should they personally experience 



   91 

 

them.(293) We also postulated a direct effect of the patient-provider relationship quality 

on the perceived susceptibility to and severity of fractures. 

 

  Measurement of Variables – from survey items  

Perceived necessity of fracture prevention medication was assessed by seven 

item scale, adapted from the validated medication necessity scale of Horne and 

colleagues.(142) Two items from the original scale were removed because they 

appeared to be inappropriate for those with completely asymptomatic conditions, and 

four additional items added to improve its internal consistency reliability. Items 

assessed both the patients’ beliefs in the effectiveness of their medication to reduce 

their fracture risk and their perceived need for the medication to preserve their overall 

health. These sets of items could not be separated into separate domains with factor 

analysis and principal components analysis in this population showed all of these items 

to be part of the same unidimensional construct (table 2-7, page 53 ). 

Medication concerns was measured by a 12-item scale that assessed patient 

perceptions regarding the perceived long-term safety of and dependence upon 

medications, and whether or not medications in their view are over-prescribed. This 

scale was developed from three subscales of the Beliefs about Medications 

Questionnaire(266) that assess concerns regarding medications that have specifically 

been prescribed for the patient, concerns that medications in general are harmful, and 

concerns that medications in general are overprescribed. However, principle 

components analysis within our sample showed these to all be measuring the same 

construct, with high internal consistency reliability (table 2-7 ). 

Perceived susceptibility to fracture was assessed with 3 items from the four 

item scale of  Gerand and colleagues(256) and perceived severity of fractures was also 

assessed with 3 ad hoc items developed for this study. We postulated that perceived 

susceptibility to fractures would not be associated with perceived need for fracture 

prevention medication if fractures were considered to have only trivial health 

consequences, and that conversely fractures perceived to have severe health 

consequences would not be associated with medication need if that person felt they 

were at minimal risk of experiencing the fracture. Therefore, we scaled the lowest 

score for both susceptibility to fracture and severity of fracture to equal zero, and 
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created a variable called fracture susceptibility*severity as the interaction between the 

two.  

The quality of the patient-provider relationship was assessed with two 

previously validated scales; the 11 item Trust in Physician scale (assessing trust in the 

physician’s competence and willingness to address the patient’s concerns),(87, 88) the 

5 item Open Communication Scale of the Medical Outcomes Study,(80) plus one ad 

hoc item assessing satisfaction with the decision making style of the provider. Factor 

analysis revealed that all 17 items strongly load on the same factor and together 

exhibited strong internal consistency reliability (table 2-7 ), and thus all were used 

together to assess the quality of the physician-provider relationship from the patient’s 

perspective.  

Fracture knowledge regarding the health consequences of fractures was 

assessed with a 6 item scale that we developed for this study to assess knowledge 

regarding possible health consequences of fractures. Depression was assessed with 

the three depression screening items of the SF-36D(254) assessing self-reported 

depressed mood in the recent or more distant past. This was scored dichotomously as 

present if any of the three were endorsed, and as absent if all three items were not 

endorsed. To the extent that depression correlates with pessimism regarding adverse 

future events, we postulated that depression outlook might be positively associated 

with perceived susceptibility to fracture and with concerns about the long-term safety of 

medications 

Principal components analysis using orthogonal rotation for all of items from the 

above seven scales showed that all items were associated with their postulated factor 

with loadings >0.4, and were not associated any other factor with a loading >0.3. 

Internal consistency reliability (Cronbach’s alpha) was lowest for the depression and 

knowledge scales but was over 0.8 for all of the other scales, and highest for the 

patient-provider relationship quality (table 2-7 ). 

 A personal history of spine, hip, wrist, pelvis, or upper arm fracture was 

assessed by self-report, as was a history of spine or hip fracture in a first degree 

relative (sibling or parent). 
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  Control Variables – from medical record review 

 Medical record review was done for all 729 full respondents and also for all 

others (380) who were not deceased, had not actively refused participation, and who 

had been prescribed neither IV bisphosphonates nor teriparatide between January 1, 

2006 and March 31, 2007. If one or more bone density tests had been done, bone 

mineral density of the lumbar spine, total hip, femoral neck, and/or the forearm from the 

test done nearest in time to January 1, 2006 was recorded.  

 Lateral spine imaging can be done on a bone densitometer to assess for 

prevalent vertebral fracture (vertebral fracture assessment), and are important 

predictors of subsequent fractures independent of bone mineral density. Two-thirds to 

three-quarters of vertebral fractures occur without acute symptoms, and their presence 

is unknown without spinal imaging. Vertebral fracture assessment (VFA) is done 

routinely for all patients at the time of bone densitometry at Park Nicollet if they are of 

age 65 or older and have a lumbar spine, femoral neck, or total hip T-score of -1.5 or 

lower, and hence selection bias on the part of the ordering physician in terms of who 

gets a VFA image done and who does not is highly unlikely to be present. We recorded 

if a lateral spine image at the time of bone densitometry was done to assess for 

prevalent vertebral fracture, and if so, whether the presence or absence of one or more 

prevalent vertebral fractures was indicated in the bone density report. 

 

 Statistical Analysis 

 Sixty five individuals whose surveys were missing data one-half or more of the 

items making up any of the scales were excluded. The remainder of the missing data 

was filled in with statistical imputation, creating a univariate imputation model for each 

missing item using all other items as predictor variables. A posterior distribution for 

each missing variable was created from these models, and a value for each missing 

datum was randomly selected from these distributions and imputed into the dataset. 

  Individual Regression Analyses within Multivariate Model 

 While the overall statistical plan was to fit a path model corresponding to figure 

4-1, we first fit each of the three regression models implicit in figure 4-1 individually to 

be sure, for each equation, that the residuals were not correlated with the predicted 

values or with any single individual predictor. Adjustment in all cases was made for 

age, educational status, income level, and sex, although these were in turn eliminated 
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one by one from the models if the p-values of their associations were >0.2. Additional 

covariates were added one by one as control variables, and retained in the final 

models if the p-value of their association was ≤ 0.2 or their retention was needed to 

prevent heteroscedasticity of the error term or correlation between any predictor and 

the error term of the regression. These additional covariates included glucocorticoid 

use, smoking status, self-reported number of doses of prescribed medication each day, 

depression, and in the case of medication concerns, personal history of fractures. 

Perceived need for fracture prevention medication was modeled as the raw 

need scale score squared, in order to achieve a normal distribution. Ordinary least 

squares was used to regress perceived need squared on concerns about medications, 

perceived susceptibility to and severity of fractures, the patient-provider relationship 

quality, presence of prevalent vertebral fracture, personal history of fracture, family 

history of fracture, bone mineral density. The final model also included age, 

educational status, and glucocorticoid use as covariates. Ordinary least squares was 

also used to regress medication concerns on the patient-provider relationship quality, 

and the final model included age, educational status, income,  depression, and 

personal history of fracture as covariates. 

Finally, perceived susceptibility to and severity of fractures was modeled as the 

raw score to the 0.7 power, in order to achieve a normal distribution. Ordinary least 

squares was used to regress the transformed susceptibility*severity score on the 

patient-provider relationship quality, bone mineral density, personal history of fracture, 

family history of fracture, and fracture knowledge. Age was included as an additional 

covariate in the final model.  

The strength of the associations between the three continuous dependent 

variables and their predictors were expressed as the change of number of standard 

deviations of the dependent variable per unit or standard deviation change of the 

predictor, analogous to an effect size. 

 

Multivariate Path Model and Instrumental Variables Analysis 

The multivariate path model consisted of the three simultaneous OLS 

regressions described above, using MPLUS 5.1. All results were standardized to the 

standard deviations of the dependent variable, such that the expressions of the 

associations within the model were analogous to effect sizes.  
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To evaluate for the possibility of correlations between the error terms of the 

simultaneous regressions biasing the parameter estimates in the multivariate model, 

an instrumental variables regression analysis was performed in Stata 9.1. The first 

OLS regression model treated the variables concerns about medications and fracture 

susceptibility*severity as exogenous variables. The second model was an instrumental 

variables two-stage least squares (2SLS) regression performed with the ivreg 

command in Stata 9.1 that used bone mineral density, personal history of fracture, 

family history of fracture, age, educational status, income level, the number of 

medication doses per day, the patient-provider relationship quality, and depression as 

instruments for concerns about medication and fracture susceptibility*severity. Of these 

instruments, personal history of fracture, family history of fracture, depression, income 

level, and the number of daily doses of prescription medications per day were judged 

to be uncorrelated with perceived need for medication based on the first model. The 

significance of differences between the parameters estimates from the two models was 

evaluated with a Hausman model specification test.  

 

Results  

 Surveys were mailed to all 1179 individuals within the Park Nicollet care system 

who appeared to met all inclusion and exclusion criteria, but medical record review 

subsequently showed that 20 had received either intravenous bisphosphonate 

medication or subcutaneous teriparatide during the period January 1, 2006 through 

March 31, 2007, were deceased, had never been prescribed an oral bisphosphonate, 

or had documentation of dementia.  Hence the denominator to determine our response 

rate was 1,159 eligible participants, and among these 794 returned surveys, 4 surveys 

were returned as undeliverable, and 50 recipients called back actively refusing 

participation. Sixty-five respondents were excluded because more than one-half of the 

items for one or more of the scales measuring predictor variables were not answered. 

The final response rate was 729 of 1159, or 62.9%. Among these 729 respondents, 

59% sent their survey back by July 31, and 97% had returned their survey by August 

31, 2007. Complete data was present for 510 (70%) and for the remaining 219 survey 

respondents a mean 1.26 items (of a total of 57) per participant had to be imputed. 

 The characteristics of the 729 respondents with useable survey data and 380 

non-respondents are shown table 3-2 (page 79) .  Respondents were nearly two years 
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older, were slightly more likely to have an active, current prescription for an oral 

bisphosphonate recorded in the medical record at the time the survey was mailed, had 

more adverse drug reactions in the medical record than non-respondents, and  slightly 

more likely to be current smokers. Non-respondents and respondents were no different 

with respect to sex, weight, bone mineral density, documentation of prevalent vertebral 

fracture, or use of oral glucocorticoids or proton pump inhibitors. Among respondents, 

24.4% had less than a high school education, 23.9% were college graduates, nearly 

one-third had a personal history of fracture, and one-third had a family history of spine 

or hip fracture in a first degree relative. 

The associations of predictor variables with perceived need for fracture 

prevention medication estimated from a single OLS regression are shown in table 4-1 

(column 2). Each standard deviation increase in fracture susceptibility*severity was 

associated with a 0.31 (95% C.I. 0.24 to 0.38) standard deviation change of perceived 

need for fracture prevention medication. For each standard deviation increase in 

medication concerns, there was a small negative effect (-0.17 standard deviations, 

95% C.I. -0.24 to -0.08) on perceived need for medication. The patient-provider 

relationship quality had a modest direct effect of (0.24 standard deviations, 95% C.I. 

0.17 to 0.31) on perceived need for medication. A 10 year increase in age had a small 

negative effect (-0.13, 95% C.I. -0.21 to -0.06) on perceived need for fracture 

prevention medication. Those with a high school education or more may have had a 

slightly lower perceived need for fracture prevention medication compared to those 

with less than high school education, but these effects were of marginal significance. 

Chronic glucocorticoid use was not associated with perceived need. 

 

Multivariate Path Model Results 

The results of the multivariate path model are shown in figure 4-2, with all 

results expressed as standardized effects (change of number of standard deviations of 

the dependent variables). The total variance of perceived need for fracture prevention 

medication, fracture susceptibility*severity, and concerns about medications explained 

by the model were, respectively, 21.1%, 15.1% and 15.1%. 

The parameter estimates and their standard errors for the direct effects of 

fracture susceptibility*severity, medication concerns, age, bone mineral density, and 

the patient-provider relationship quality on perceived medication need were nearly 
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identical to the estimates yielded by the single equation OLS model. In addition to its 

direct effect, however, patient-provider relationship quality had a moderate negative 

direct effect on concerns about medications (-0.31, 95% C.I. -0.38 to -0.24) and 

therefore an additional small indirect effect on perceived need for medication (0.05, 

95% C.I. 0.02 to 0.08) through medication concerns. For each standard deviation 

increase of patient-provider relationship quality, there was a corresponding total effect 

of 0.29 (95% C.I. 0.20 to 0.37) on perceived need for medication. A 10 year increase in 

age had a small negative effect (-0.12, 95% C.I. -0.18 to -0.06) on perceived need for 

fracture prevention medication.  

The direct effect of vertebral fracture assessment (VFA) appears much weaker 

in the multivariate model (0.13 standard deviations change in perceived need, 95% C.I. 

0.02 to 0.24) than in the single equation OLS model. However, two-thirds did not have 

a VFA done, and MPLUS (the software with which the multivariate analysis was done) 

cannot estimate the specific effect on perceived need for medication of a VFA image 

positive for prevalent vertebral fracture compared to a VFA image negative for 

vertebral fracture excluding the contribution (or lack thereof) of unknown vertebral 

fracture status. 

 A one unit increase in bone mineral density t-score had a modest negative 

standardized effect of -0.20 (95% C.I. -0.33 to -0.07) on perceived fracture 

susceptibility*severity and had a weak but insignificant direct negative effect on 

perceived need for fracture prevention medication (-0.08, 95% C.I. -0.19 to 0.03). 

Family and personal history of fractures, respectively, had modest effects of 0.26 (95% 

C.I. 0.12 to 0.40) and 0.16 (95% C.I. 0.02 to 0.30) on perceived fracture 

severity*susceptibility, compared to those without family history and personal history of 

fracture. Similarly, a one quartile increase of fracture knowledge had a standardized 

effect of 0.25 (95% C.I.0.18 to 0.32) on fracture susceptibility*severity. Depression also 

had a moderate effect (0.32, 95% C.I. 0.17 to 0.46) on fracture susceptibility*severity. 

Personal history of fracture, family history of fracture, fracture knowledge, and 

depression had no direct effects on perceived need for fracture prevention medication. 

Unexpectedly, a prevalent vertebral fracture on a lateral spine DXA image was not 

associated with perceived fracture severity*susceptibility.  

The indirect effects of other objective indicators of fracture risk and of fracture 

knowledge on perceived need for medication were statistically significant but small 



   98 

 

(table 4-2 ). A one unit increase in bone mineral density T-score was associated with a 

small total effect on need for fracture prevention medication of -0.14 (95% C.I. -0.27 to 

-0.02) standard deviations. The effects of personal history of fracture, family history of 

fracture, and fracture knowledge were smaller. 

 

 Instrumental Variables Analysis 

 The parameter estimates for predictors of need for fracture prevention 

medication from the two-stage least squares regression with concerns about 

medications and fracture susceptibility*severity instrumented are shown in table 4-1 

(column 3) next to the standard single equation OLS estimates. Although the 

parameter standard errors are, as expected, wider with the instrumental variables 

analysis, the parameter point estimates of the standard OLS and instrumental variable 

regressions are similar, and no significant difference between them is evident from a 

Hausman test (chi-square 1.16, p-value 0.56). 

 

Discussion  

 Perceived necessity of medication to preserve or improve one’s health has 

been shown to be significantly predictive of persistence with medication used to 

prevent adverse events associated with a variety of chronic illnesses including chronic 

heart disease,(143) diabetes mellitus,(143) asthma,(145, 292) depression,(270) and 

chronic HIV infection.(146, 147) In the first paper of this project, we showed that 

perceived necessity of fracture prevention medication to be significantly associated 

with medication persistence. 

 In this analysis, we have shown that perceived susceptibility to and severity of 

fractures are associated with perceived need for fracture prevention medication, but 

only modestly so. Patient-provider relationship quality is also modestly associated with 

perceived need for fracture prevention medication, but some of this effect is indirect 

through its negative association with concerns about medication and the low but 

significant association of concerns about medication with perceived need for fracture 

prevention medication. 

 Perhaps most important, this study shows that documentation of a prevalent 

vertebral fracture on a lateral spine image obtained on a bone densitometer has 

substantial potential to influence perceived need for fracture prevention medication, 
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even after adjustment for multiple other factors including bone mineral density. Since a 

vertebral fracture assessment image was obtained for only one-third of our study 

participants, our study may underestimate the overall effect of vertebral fracture 

assessment on perceived need fracture prevention medication. This is important, 

because prevalent vertebral fractures are markers of those at highest risk of 

fractures(294, 295) who are most likely to benefit from fracture prevention medication. 

Lateral spine images for vertebral fracture assessment can be obtained quickly and 

inexpensively at the same time a bone density test is done, and increased utilization of 

vertebral fracture assessment at the time of bone densitometry may be a relatively 

easy way to improve utilization of pharmacologic fracture prevention therapy among 

those who will benefit from it most.  

 Unexpectedly, the effect of prevalent vertebral fracture was not indirect through 

perceived fracture susceptibility*severity, for unclear reasons. Possibly, individuals 

view kyphosis and its associated body image changes as a separate health 

consequence than fractures per se’. Alternatively, if prevalent vertebral fracture is 

associated with fracture prevention medication compliance, then use of medication 

may result in reduced perceived susceptibility to fractures.  

 Although a change of bone mineral density T-score of one unit confers a 

relative risk for subsequent non-vertebral fractures comparable to a prevalent vertebral 

fracture,(294, 296) this was only weakly associated with perceived need for fracture 

prevention medication. Moreover, personal history of fracture was only weakly 

associated with perceived fracture susceptibility and severity, and we could not 

demonstrate any association of either personal or family history of fracture with 

perceived need for fracture prevention medication. This raises the likelihood that 

patients are not fully or appropriately considering these factors when assessing their 

fracture risk and need for fracture prevention medication, and that better patient 

education on how fracture risk is related to specific aspects of their medical history may 

be needed. Consistent with this, the mean number of correct answers on the six item 

fracture knowledge scale was 2.95, indicating room for improvement for most patients 

with respect to their understanding of fracture risk and the health consequences of 

fractures. 

 The patient-provider relationship quality was not associated with perceived 

fracture susceptibility and severity, which could be interpreted that the uptake of 
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provider advice to patients about their fracture risk is not dependent on the quality of 

the patient-provider relationship quality. Alternatively, providers may not be leveraging 

the trust that their patient’s have in them to influence how patients assess their fracture 

risk and need for fracture prevention medication. To address this, we would need to 

know the content of patient-provider interactions regarding the patient’s fracture risk 

and medication to lower that risk. However, videotaped interactions of clinic encounters 

between patients and providers where new medications are being prescribed have 

shown that many aspects of the risks and benefits of the proposed new medication are 

not discussed.(275, 297) Further research will be needed to address the variability of 

patient-provider interactions where new fracture prevention medication is being 

considered, and how those interactions may be altered such that patients’ perceptions 

of their fracture risk, the health consequences of fractures, and their perceived need for 

fracture prevention medication are more congruent with their actual risk.  

 Finally, this study suggests that concerns about the long-term harm of and 

dependence upon medications is negatively associated with perceived necessity for 

fracture prevention medication. This is in contrast to previously published formulations 

of the necessity-concerns framework, where both necessity and concerns are 

postulated to have independent effects on medication compliance but to have no 

association with each other.(143, 145, 237) However, it seems logical that if 

medications are viewed in general as potentially harmful, that an individual may be 

skeptical that maintenance of their health requires use of the medication even if they 

consider themselves to be at risk of the target condition and believe that the medication 

effectively reduces that risk. 

 There are many strengths of our study in general and this analysis in particular. 

This the first study to assess determinants specifically of perceived need for a 

medication to treat a chronic medical condition to prevent adverse future health events. 

Second, ours is the first survey study of medication attitudes and medication use 

behavior among those prescribed fracture prevention medication to include a medical 

record review such that important predictors of fracture such as bone mineral density 

and prevalent vertebral fracture could be assessed. Third, the good response rate to 

our survey was equivalent to or significantly better than other survey studies of 

medication use behavior.(41, 58)  
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Fourth, we employed a multivariate path model allowing for indirect effects of 

predictors on the dependent variable to be assessed. In contrast, when the 

associations of predictors with a dependent variable are assessed with a single 

equation regression model, then biased estimates of the association between a 

predictor and the dependent variable will result if the effect of one predictor on the 

dependent variable is in part indirect through another predictor. In this analysis, a 

single equation model would have underestimated the associations between perceived 

need for medication and both the patient-provider relationship quality and bone mineral 

density. While multivariate path models can also be biased from error term correlations 

between endogenous predictors and the dependent variable, we were able to rule out 

undue bias from such correlations with an instrumental variables analysis. Only one 

prior study has employed a multivariate path model with perceived necessity for 

medication as an endogenous predictor, but did not include objective measures of 

target condition risk in the model and did not assess for bias from error term 

correlations in their model. 

 There are also important limitations to this study. First, those who did not 

respond to our survey were more likely to have more adverse drug reactions and to not 

have an active current prescription for a fracture prevention medication in the medical 

record, suggesting that responders may not be representative of the entire population 

for whom fracture prevention medication is prescribed. Non-responders may have had 

more perceived side effects to fracture prevention medications, or conceivably more 

concerns about the long-term risk of and/or dependence upon medications. It is also 

possible that osteoporosis and related fractures are less salient issues for non-

respondents corresponding with a decreased sense of threat to their personal health 

from fractures, reduced need for fracture prevention medication, less interest in the 

topic, and therefore a lower proclivity to respond to the survey.  

Second, our study population did not include those who were offered but 

refused an initial prescription for a medication prescription, since we depended on the 

recording of an initial prescription for a fracture prevention medication in the medical 

record to identify our study sample. Third, our study population was drawn from only 

one multi-specialty urban clinic in the United States and was overwhelmingly white and 

female, limiting the generalizability of our results. Finally, our model still only explains 

only 21% of the variance of perceived need for fracture prevention medication. We 
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were unable to assess numerous other potential predictors of perceived need for 

fracture prevention medication, including the effects of direct industry to consumer 

advertising by the pharmaceutical industry and the attitudes toward osteoporotic 

fractures, medications in general, and fracture prevention medication in particular 

within patients’ social networks. Additionally, we did not assess time preference, the 

degree to which individuals plan for the future as compared to committing more of their 

financial, psychological, and time resources to current everyday concerns.  Essentially, 

taking fracture prevention medication is the use of resources in the present time to 

reduce the risk of events that may or may not happen in the future. Those that are 

more concerned about present day issues in their day to day life either because of their 

magnitude or because of a general proclivity to discount future outcomes may perceive 

less of a need to prevent adverse future outcomes.  

 In conclusion, perceived need for fracture prevention medication is associated, 

as expected, with perceived susceptibility to and severity of fractures and the patient-

provider relationship quality. Prevalent vertebral fracture on lateral spine DXA imaging 

is also associated with perceived need for fracture prevention medication, and 

vertebral fracture assessment at the time of bone densitometry may not only identify 

those at higher risk of incident fractures but also encourage appropriate perception of 

need to reduce that risk and subsequent compliance with fracture prevention 

medication. More studies are needed to identify how providers can improve the 

congruence of patients’ perceived need for fracture prevention medication with their 

actual risk, and to investigate other potential predictors of perceived need for 

medication such as patients’ social networks and their time preference.  



   103 

 

Figure 4-1: Conceptual Framework of Analyses with P erceived Need for             
Medication as the Dependent Variable 

Fracture 

Knowledge Fracture 

Susceptibility 
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Need 

Medication

Objective 

Indicators of 

Fracture Risk^

Medication 
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Figure 1-

Conceptual 

Model

Depression

Demographic 

Variables

 
*Endogenous predictors: predictors of perceived need for fracture prevention medication that 

are also dependent variables within the model 
 
^Includes family history of fracture, prior history of fracture, prevalent vertebral fracture on 

lateral spine imaging, bone mineral density, chronic oral glucocorticoid use, and 
cigarette smoking
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Figure 4-2: Final Multivariate Path Model of Predic tors of Perceived Need for 
Fracture Prevention Medication 

Fracture 
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Severity
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-0.22**^

0.26**

0.25**

-0.31**

-0.02

0.08^

Depression

0.32**

0.14

 
*P-value of association <0.05 
**P-value of association <0.01 
 
^Per one unit increase of worst T-score of lumbar spine, total hip, femoral neck, or 
distal forearm 
 
Model Fit Statistics:  
Chi-square 13.07, p-value 0.60 
Comparative Fit Index 1.000  
Root Mean Square Error of Approximation <0.001 
Standardized Root Mean Square Residual 0.011 
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Table 4-1: Parameter Estimates for Standard Single Equation OLS and 
Instrumental Variables 2SLS Regressions of Need for  Fracture Prevention 
Medication*^ 
 

 
Predictor 

 

Standard OLS 
Estimate (95% C.I.)                        

Instrumental Variables 
2SLS Estimate (95% 

C.I.) 
Perceived Fracture 

Susceptibility*Severity 0.7 
(Per SD) 

 

0.31  
(0.24 to 0.38) 

0.40  
(0.21 to 0.60)    

Concerns about 
Medications (per SD) 

 

-0.17  
(-0.24 to -0.10) 

 

-0.16  
(-0.53 to 0.21)  

Patient -Provider 
Relationship Quality               

(per SD) 
 

0.24 
(0.17 to 0.31) 

 

0.25  
(0.11 to 0.39)  

Prevalent Vertebral 
Fracture 

 

No: 0.0 (reference) 
Unknown: 0.08 (-0.08 to 

0.25) 
Yes: 0.30 (0.24 to 0.57)  

 

No: 0.0 (reference) 
Unknown: 0.07 (-0.10 to 

0.24) 
Yes: 0.31 (0.03 to 0.59)  

 
Bone Miner al Density T -

score (per 1 unit increase)  
 

-0.09 
(-0.20 to 0.02) 

-0.06 
(-0.19 to 0.05) 

Age  
(per 10 year increase) 

 

-0.13 
(-0.21 to -0.06)  

-0.12 
(-0.20 to -0.04)  

Educational Status  
Quartile 2 vs. 1: 
Quartile 3 vs. 1: 
Quartile 4 vs. 1: 

 

 
-0.17 (-0.36 to 0.01) 
-0.25 (-0.46 to -0.04)  
-0.20 (-0.41 to 0.01) 

 

 
-0.19 (-0.37 to 0.00) 
-0.24 (-0.48 to 0.00) 
-0.22 (-0.47 to 0.03) 

Glucocorticoid Use  
(Yes vs. No) 

 

-0.16 
(-0.42 to 0.10) 

-0.18 
(-0.44 to 0.09) 

*Need for fracture prevention medication modeled as raw score squared. 
 
^Parameter estimates are expressed as number of standard deviations of medication 
need2 , those significant at p<0.05 level are in bold 
 
Hausman test for difference between OLS and Instrumental Variables 2SLS estimates: 
Chi-square 1.16, p-value 0.56 
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Table 4-2: Direct, Indirect, and Total effects of O bjective Indicators of Fracture 
Risk and of Fracture Knowledge on Perceived Need fo r Fracture Prevention 
Medication* 
 

Predictor  Direct Effect  
(95% C.I.) 

Indirect Effect  
(95% C.I.) 

Total Effect  
(95% C.I.)   

Prevalent Vertebral** 
Fracture  (yes vs. no) 

 

0.30 
(0.24 to 0.57) 

 

0 0.30 
(0.24 to 0.57) 

Bone Mineral Density  
(per 1 T-score 

Increase) 
 

-0.08 
(-0.19 to 0.03) 

-0.06 
(-0.10 to -0.02) 

-0.14 
(-0.27 to -0.02) 

Family History of 
Fracture (yes vs. no) 

0 -0.08 
(-0.13 to -0.03) 

 

-0.08 
(-0.13 to -0.03) 

 
Personal History of 

Fracture (yes vs. no) 
0 -0.05 

(-0.09 to -0.00) 
 

-0.05 
(-0.09 to -0.00) 

 
Fracture Knowledge 

(per 1 quartile 
increase) 

 

0 0.07 
(0.04 – 0.10) 

0.07 
(0.04 – 0.10) 

 

*Effects expressed as changes in number of standard deviations of need2 

 

**The direct effect of prevalent vertebral fracture on perceived need for fracture 
prevention medication in this table is derived from the single OLS regression 
equation in STATA, allowing the effect of a VFA positive for prevalent vertebral 
fracture compared to a VFA negative for prevalent vertebral fracture to be 
estimated 
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Abstract  

Background: Persistence and compliance with fracture prevention medication among 

those with osteoporosis is suboptimal, such that only 50% or so of those prescribed a 

fracture prevention medication are still taking that medication one year later. Non-

persistence and non-compliance with medication used to treat osteoporosis is 

associated with increased fractures and related health care costs. While some studies 

have shown that the quality of the relationship between the patient and the prescribing 

provider is a determinant of medication use behavior, the magnitude of the effect has 

never been estimated, and the additional effects of the patient-provider relationship 

quality this has never been investigated. 

Objective: The primary objective was to estimate the association between self-

reported non-persistence with oral fracture prevention medication and the patient-

provider relationship quality. The secondary objective was to estimate whether the 

effect of the patient-provider relationship quality on non-persistence is direct or 

mediated through one or more four postulated mediators; perceived need for fracture 

prevention medication, concerns about the long-term safety of and dependence upon 

medication, medication use self-efficacy, and perceived medication cost burden. 

Methods : We surveyed 1155 patients who had been prescribed an oral 

bisphosphonate medication to prevent fractures at a large metropolitan multi-specialty 

medical center between the dates of January 1, 2006 and March 31, 2007, to assess 

their self-reported medication use, medication attitudes, and other factors such as 

perceived susceptibility to and severity of fractures, and personal and family history of 

fracture. Medical record review was performed to results of bone mineral density 

testing, documentation of vertebral fractures, and history of adverse medication 

reactions. A multivariate path model was employed to estimate the effects of the 

patient-provider relationship quality on non-persistence, both direct and indirect 

through the postulated mediating variables. Instrumental variables analyses were done 

to test for regression error term correlations within the multivariate model. Single-

equation probit regression models were used to assess the direct effect of the patient-

provider relationship quality on non-persistence and the attenuation of this effect by 

adding in the postulated mediators to the model.  
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Results:   The patient-provider relationship quality was modestly but significantly 

associated with self-reported non-persistence, such that with all other predictors and 

covariates at their mean value, a one standard deviation increase in the patient-

provider relationship quality would reduce the probability of non-persistence from 

34.2% to 28.5%. Half of this effect appears to be mediated by perceived need for 

fracture prevention medication, with lesser proportions mediated by medication 

concerns, and medication use self-efficacy. 

Conclusion: Providers who have a better relationship with their patients at high risk of 

fracture may be better able to influence those patients’ perceived need for fracture 

prevention medication, alleviate concerns about the long-term safety of and 

dependence upon those medications, and influence medication use self-efficacy, and 

thereby positively influence persistence with fracture prevention medication. 
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Introduction 

 Osteoporosis is a condition that results in loss of bone strength through both 

loss of bone mineral density and micro architectural deterioration of the bone, and its 

prevalence rises sharply with age in both men and women. Woman and men age 60, 

respectively, have a 44% and 25% chance of having a fracture related to osteoporosis 

during their remaining lifetime.(259) The oral bisphosphonates are the most common 

type of medication used to preserve or improve bone strength and reduce fractures by 

30 to 50%.(260, 264, 286) However, numerous descriptive studies have shown that 

within 1 to 2 years of being prescribed an oral bisphosphonate medication, only 32 to 

68% are still taking it.(28, 29) This pattern of non-persistence has also been 

demonstrated in studies of oral medication used to prevent adverse health events 

associated with other chronic conditions such as hypertension,(24, 25, 288, 289) 

hyperlipidemia,(26, 27) and asthma.(290)  

Few studies, however, have been done to date that have tried to explain why 

the phenomenon occurs. A large literature has also arisen over the past two decades 

that suggests the quality of the patient-provider relationship is significantly associated 

with uptake of and compliance with health behaviors recommended by the 

provider.(80, 288, 298-300) Three qualities in particular are postulated to be of 

importance, called open communication style, decision making congruence, and trust 

in the physician. Open communication style refers specifically to how well the provider 

shares information regarding the options available to manage the health concern, and 

their advantages and disadvantages.(301) Congruence in decision making refers to the 

degree to which, from the patient’s perspective, the decision making style of the 

provider is congruent with the extent to which the patient wishes to take an active role 

in decision making regarding their health management.(81) Trust in physician has been 

conceptualized by Hall and colleagues as composed of four attributes; the level to 

which the patient has faith that the physician will pursue their best interests and not 

take advantage of their vulnerability, believes that the physician is knowledgeable and 

competent, and that the physician will be honest with them, and will protect their 

confidentiality.(89) Several studies have shown that open communication,(300, 302, 

303) satisfaction with the provider’s decision making style,(304, 305) and trust in their 

physician(88, 180, 305) are correlated with medication compliance and persistence 

among those with diabetes, acquired immune deficiency syndrome, depression, and 



   111 

 

medication prescriptions as an undifferentiated group in primary care practices, but no 

studies have investigated the association of patient-provider relationship qualities and 

compliance with fracture prevention medication to prevent fractures associated with 

osteoporosis. Moreover, no study to date has estimated what proportion of the 

phenomena of non-compliance and non-persistence is explained by these patient-

provider variables, and therefore what effect might be seen on compliance and 

persistence by maximizing those variables. Finally, none of the studies done to date 

have elucidated the mechanisms by which these patient-provider relationship 

characteristics may influence medication use behavior.  

Horne and colleagues have conceptualized patient willingness to comply with 

medication prescriptions as being the difference between perceived necessity of 

medications and concerns about negative effects of medications (including long-term 

safety of and dependence upon medications), and have shown that these variables are 

predictive of compliance among patients with diabetes, asthma, heart failure, renal 

failure, and acquired immune deficiency syndrome (AIDS).(142, 143, 147) The 

associations of these specific postulated predictors of medication compliance, 

however, have not been investigated among patients with osteoporosis. It is 

conceivable that patient-provider relationship characteristics affect compliance directly, 

or indirectly by influencing patient perceptions of the necessity of prescribed 

medications to preserve their health and of the safety of these medications. Studies of 

patient preferences regarding fracture prevention medication among those with 

osteoporosis have suggested that they will be reluctant to use medication 

recommended to them by a physician if they are not convinced of its effectiveness and 

long-term safety.(58, 272, 277, 279, 306) A recent study among those prescribed oral 

bisphosphonate medication for osteoporosis showed their perceptions regarding the 

effectiveness of the medication and concerns about its long-term safety were 

predictors of compliance to the drug, independent of side effects.(41)  

The primary aim of this study was to assess the association of the provider-

patient relationship quality with persistence with oral bisphosphonate medication (the 

most common family of medications used to treat osteoporosis), both directly and 

indirectly through other variables such as perceived need for medication and concerns 

about medications. Secondary aims were to estimate the association of the patient-
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provider relationship quality on attitudes regarding both the target condition being 

treated (osteoporosis) and the medications used to treat it.  

 

Methods  

 This study was reviewed and approved by the Institutional Review Boards of 

both Park Nicollet Heath Services and the University of Minnesota. 

 This dataset is from a survey and medical record review of patients given one 

or more prescriptions for oral bisphosphonate therapy at Park Nicollet Clinic between 

the dates of January 1, 2006 and March 31, 2007. Candidate participants were those 

age 21 to 84 with one or more prescriptions for an oral bisphosphonate medication in 

the electronic medication record in this time period, who had had a clinic visit within 6 

months of the mailing date of the survey (to assure they were still receiving care at 

Park Nicollet Clinic) and did not have a diagnosis of dementia. 

Potential study participants were mailed the survey during the week of July 16 

through July 20, 2007. Those who had not returned the survey within two weeks were 

mailed a reminder postcard. Those who had still not returned the survey or called in to 

actively refuse participation were mailed a second survey one month later. Among the 

subset of survey respondents, 59% sent their survey back by July 31, and 97% had 

returned their survey by August 31, 2007. 

 

 Conceptual Framework 

 We conceived the possible effects of the perceived patient-provider relationship 

quality on medication persistence with fracture prevention medication in the context of 

the health belief model.(92) We postulated a possible direct effect of the patient-

provider relationship quality on medication persistence, but that the bulk of the effect 

on persistence would be primarily indirect through perceived need for medication, 

concerns long-term safety of and dependence upon medication, medication use self-

efficacy, and possibly perceived medication cost burden (figure 2-1, page  30). We 

also postulated that the perceived patient-provider relationship quality might influence 

fracture knowledge and perceived susceptibility to and severity of fractures, but that the 

effects of these two variables on medication persistence would be indirect through 

perceived need for medication.  
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Where possible, scales to measure these constructs were derived from 

previously validated scales, but for some constructs we were unable to find any 

appropriate measures and hence developed new scales to measure these. The 

unidimensionality of these scales was assessed using principle components analysis of 

all scale items together, and also from principle components analyses of each scale 

separately. A ratio of the first to second eigenvalue of greater than 2.0 was considered 

to be strong evidence of unidimensionality for each scale. 

 

 Dependent Variables 

 Self-reported persistence was assessed with two questions; whether or not the 

patient had stopped taking their oral bisphosphonate for more than one month due to 

side effects, whether or not the patient had stopped taking their oral bisphosphonate 

for more than one month for reasons other than side effects.  A variable of self-

reported non-persistence for any reason was created if they answered “yes” to either 

question. 

 

 Predictor Variables – from survey items 

 The quality of the patient-provider relationship in this dataset was assessed 

with two previously validated scales; the 11 item Trust in Physician scale (assessing 

trust in the physician’s competence and willingness to address the patient’s 

concerns),(87, 88) the 5 item Open Communication Scale of the Medical Outcomes 

study,(80) plus one ad hoc item assessing satisfaction with the decision making style of 

the provider. Factor analysis revealed that all 17 items strongly load on the same factor 

and together exhibited strong internal consistency reliability (table  2-7, page 46 ), and 

thence all were used together to assess the quality of the physician-provider 

relationship from the patient’s perspective.  

Perceived necessity of fracture prevention medication was assessed by seven 

item scale, adapted from the validated four item medication necessity scale of Horne 

and colleagues,(142) with three additional items added to improve its internal 

consistency reliability. Medication concerns was measured by a 12-item scale that 

assessed patient perceptions regarding the perceived long-term safety of and 

dependence upon medications, and whether or not medications in their view are over-

prescribed. This scale was developed from three subscales of the Beliefs about 
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Medications Questionnaire that assess concerns regarding medications that have 

specifically been prescribed for the patient, concerns that medications in general are 

harmful, and concerns that medications are in general are overprescribed.(142) 

However, principle components analysis within our sample showed these to all be 

measuring the same construct, with high internal consistency reliability (table 2-7 ). 

Perceived susceptibility to fracture was assessed with 3 items of Gerand and 

colleagues(256) and perceived severity of fractures was also assessed with 3 items 

developed for this study. We postulated that perceived susceptibility to fractures would 

not be associated with perceived need for fracture prevention medication if fractures 

were considered to have only trivial health consequences, and that conversely 

fractures perceived to have severe health consequences would not be associated with 

medication need if that person felt they were at minimal risk of experiencing the 

fracture. Therefore, we scaled the lowest score for both susceptibility to fracture and 

severity of fracture to equal zero, and created a variable called fracture 

susceptibility*severity as the interaction between the two.  

Fracture knowledge regarding the health consequences of fractures was 

assessed with a 6 item scale that we developed for this study, that assess knowledge 

regarding possible health consequences of fractures. Medication use self-efficacy was 

measured with 7 item selected from the validated scale of Resnick and 

colleagues,(209) assessing how confident patients felt they could execute medication 

use behavior in the context of their daily lives. Depression was assessed with a three 

items assessing self-reported depressed mood in the recent or more distant past as 

well as current and/or past use of anti-depressant therapy. This was scored 

dichotomously as present if any of the three were endorsed, and as absent if all three 

items were not endorsed. Medication cost burden was assessed with one item. 

Principle components analysis using orthogonal rotation for all of items from the 

above seven scales showed that all items were associated with their putative factor 

with loadings >0.4, and did were not associated any other factor with a loading >0.3. 

Internal consistency reliability (Cronbach’s alpha) was lowest for the depression and 

knowledge scales but was over 0.8 for all of the other scales, and highest for the 

patient-provider relationship quality (table 2-7 ). 
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A personal history of spine, hip, wrist, pelvis, or upper arm fracture was 

assessed by self-report, as was a history of spine or hip fracture in a first degree 

relative. 

 

  Control Variables – from medical record review 

 We postulated that that those with prior bad experiences with medications may 

be more likely to attribute adverse medical events or symptoms to their fracture 

prevention therapy and stop taking it for this reason, and assessed this as the number 

of adverse medication reactions (ADR’s) recorded in the medical record (excluding 

bisphosphonates). Since the most common side effect leading to discontinuation of 

oral bisphosphonates is stomach upset, we postulated that a gastric acidity disorder 

such a gastro-esophageal reflux disease would predispose individuals to stop oral 

bisphosphonate therapy on account of perceived side effects. We assessed whether or 

not a prescription for more than one month of a proton pump inhibitor had been 

recorded in the medical record as a surrogate marker of gastric acidity disorder. 

Smoking status is recorded at each clinic encounter at Park Nicollet Clinic as a “vital 

sign”, and current cigarette smoking was postulated to be positively associated with 

perceived susceptibility to fractures, but to the extent that smoking is associated with 

less concern for one’s health, to be negatively associated with perceived need for 

fracture prevention medication mediation persistence and compliance.  If one or more 

bone density tests had been done, bone mineral density of the lumbar spine, total hip, 

femoral neck, and/or the forearm from the test done nearest in time to January 1, 2006 

was recorded. 

Since prior fracture and low BMD are both predict incident fracture independent 

of each other, a three level ordinal variable called “Fracture Risk” was created, with the 

first level being the absence of both osteoporosis by BMD criteria or a personal history 

of fracture, the second level being the presence of either a history of fracture or 

osteoporosis by BMD criteria, and the third level being the presence of both 

osteoporosis by BMD criteria and a prior history of fracture.  

 Statistical Analysis 

 Individuals whose surveys were missing data one-half or more of the items 

making up any of the scales were excluded. The remainder of the missing data was 

filled in with statistical imputation, creating a univariate imputation model for each 
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missing item using all other items as predictor variables. A posterior distribution for 

each missing variable was created from these models, and a value for each missing 

datum was randomly selected from these distributions and imputed into the dataset. 

  Validation of Self-Report Measures of Medication Use Behavior 

 Validation of self-reported persistence and self-reported missing of doses was 

done in two ways. Pharmacy claims data for oral bisphosphonate use between the 

dates of January 1, 2006 and March 31, 2007 were available for that subset of study 

participants whose health insurer was HealthPartners (n=82), as Park Nicollet clinic 

had access to pharmacy claims for those patients designating Park Nicollet clinic as 

their health care provider. The Medication Possession Ratio (MPR) was calculated as 

the ratio of the number of days of medication available for use as prescribed between 

the first and last prescriptions divided by the total number of days between the first and 

last prescriptions. A dichotomous variable was created, with “non-compliance” defined 

as an MPR < 0.8, and “compliance” defined as an MPR ≥ 0.8. Agreement between 

overall non-persistence and compliance as defined by MPR was assessed using kappa 

statistics (table 3-1, page 78 ). Non-persistence was also assessed by medical record 

review, and medical record non-persistence defined as documentation in the 

medication section of the medical record of an oral bisphosphonate being stopped and 

the passage of more than one month before the same or another fracture prevention 

medication being prescribed. Agreement between overall non-persistence and medical 

record non-persistence was assessed using kappa statistics (table 3-1 ). 

  Individual Regression Analyses within Multivariate Model 

 While the overall statistical plan was to fit a path model corresponding to figure 

2-1, we first fit each of the six regression models implicit in figure 2-1 individually to be 

sure, for each equation, that the residuals were not correlated with the predicted values 

or with any single individual predictor. For those cases where the dependent variable 

was ordinal with more than two categories, we made certain that the proportional odds 

assumption was met. Transformations for two variables were done such that their 

distributions were normal; need for fracture prevention medication was modeled as the 

raw perceived need score squared, and fracture susceptibility*severity was modeled as 

its raw score to the 0.7 power. 

A probit regression model was used to estimate the association between self-

reported non-persistence and the patient-provider relationship quality, perceived need 
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for fracture prevention medication, concerns about harm from and dependence upon 

medications, perceived self-efficacy for taking medications, and perceived medication 

cost burden, adjusted for the use of proton pump inhibitor, the number of ADRs 

recorded in the medical record, age, sex, educational status, income, use of oral 

glucocorticoid medication, smoking status, and disease duration. Ordinary least 

squares (OLS) An estimated the associations between perceived need for fracture 

prevention medication and the patient-provider relationship quality and the perceived 

fracture susceptibility*severity, adjusted for age, sex, educational status, income level, 

personal history of clinical fracture, family history of fracture, prevalent vertebral 

fracture, and bone mineral density. 

Ordinary least squares (OLS) regression was also used to assess the 

association between concerns about medications and the patient-provider relationship 

quality, adjusted for depression, personal history of fracture, family history of fracture, 

the number of ADR’s in the medical record, age, sex, educational status, and income 

level. A probit model was used to regress medication use self-efficacy on the patient-

provider relationship quality, depression, number of prescribed daily doses of 

medication, age, sex, income and educational status. OLS regression was also used to 

estimate the associations between perceived fracture suspectibility*severity and 

fracture knowledge and the patient-provider relationship quality, adjusted for BMD, 

personal history of fracture, family history of fracture, age, sex, educational status, and 

income level. Finally, an ordinal probit model was used to estimate the association of 

medication cost burden with the patient relationship, adjusted for age and income.  

For each regression model, backward elimination was done to remove 

variables other than the patient-provider relationship quality one by one with p-values 

for associations with the dependent variable >0.2, unless removal of said predictor 

resulted in heteroscedasticity, association of the any predictor being associated with 

the error term of the regression, or violation of the proportional odds assumption 

(ordinal probit models).  

 

Path Model  

The associations between the five dependent variables and their predictors 

retained in the final regression models were estimated with a multivariate model, using 

MPLUS version 5.1. The full model allowed direct paths between the four variables 
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postulated to mediate the association between the patient-provider relationship quality 

and non-persistence (figure 5-1 ), whereas the restricted model allowed only a direct 

path from the patient-provider relationship quality and non-persistence (figure 5-2 ).  

The coefficients for paths where the predictor and/or dependent variables were 

modeled as continuous variables were standardized to the standard deviation(s) of 

those continuous variables. Standardized path coefficients were multiplied to assess 

the indirect effect of the patient-provider relationship quality on medication non-

persistence through a mediating variable. The total indirect effect of the patient 

provider relationship quality on medication non-persistence was then calculated as the 

sum of all of the individual indirect path effects. The goodness of fit of the multivariate 

models was determined by chi-square statistic, the comparative fit index (excellent fit 

generally being a CFI score higher than 0.9)(307), and the root mean square error of 

approximation (excellent fit generally being an RMSEA of < 0.05).(308) 

The primary analytic models, however, leave open the possibility of biased 

parameter estimates due to correlations between the error terms of the constituent 

regressions within the multivariate model, which in turn can be due to omitted variables 

or reverse causality. Three additional analyses were done to address this problem. 

First, the restricted path model was used to estimate the total effect of the patient-

provider relationship quality on non-persistence. To further illustrate the significance of 

the effect of the patient-provider relationship quality on medication non-persistence, the 

predicted probability of non-self-reported non-persistence was then calculated for one 

and two standard deviation changes from the mean of the patient-provider relationship 

quality score, keeping all other variables at their mean levels.  

Second, an instrumental variables regression utilizing the ivprobit command of 

Stata 9.1 was run using demographic variables, objective indicators of fracture risk, 

fracture knowledge, depression, and the patient-provider relationship quality as 

instruments for perceived need for medication and concerns about medications. Since 

we are also postulating a direct effect of concerns about medications on perceived 

need for medication, two sets of analyses were done, the first set using instruments 

only for perceived need with concerns about medications included as one of the 

instruments, and a second set using instruments for both perceived need for 

medication and concerns about medications. These models were first estimated in one 

step with a maximum likelihood estimator, but if convergence could not be achieved, 
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then a two-step estimator(269) was used. Wald tests were done to assess if the error 

terms of these two regressions were correlated.  

Third, the mediation of the effect of the patient-provider relationship quality and 

non-persistence by the proposed mediating variables was also tested with a single 

equation probit regression model. The multivariable adjusted association of the 

association between the patient-provider relationship quality and non-persistence was 

first estimated without inclusion of the proposed mediators. The mediators were then 

added one by one to the model, and the attenuation of the association between 

patient-provider relationship quality and non-persistence noted. 

 

Results  

 Surveys were mailed to all 1179 individuals within the Park Nicollet care system 

who met all inclusion and exclusion criteria, and 807 were returned. Four surveys were 

returned as undeliverable and 50 recipients called back actively refusing participation. 

Seven of the remaining non-respondents and 13 respondents were excluded because 

medical record review showed that they had received either intravenous 

bisphosphonate medication or subcutaneous teriparatide during the period January 1, 

2006 through March 31, 2007, were deceased, had never been prescribed an oral 

bisphosphonate, or had documentation of dementia on further review of their medical 

record. Sixty-five were excluded because more than one-half of the items for one or 

more of the scales measuring predictor variables were not answered. The final 

response rate was 729 of 1155, or 63.1%. Complete data was present for 510 (70%) 

and for the remaining 219 participants a mean 1.26 items (of a total of 57) per 

participant had to be imputed. 

 The characteristics of the 729 respondents with useable survey data and 380 

non-respondents are shown table 3-2, page 79 .  Respondents were nearly two years 

older, were slightly more likely to have an active, current prescription for an oral 

bisphosphonate recorded in the medical record at the time the survey was mailed, had 

more adverse drug reactions in the medical record than non-respondents, and has 

slightly more current smokers. Non-respondents and respondents were no different 

with respect to sex, weight, bone mineral density, documentation of prevalent vertebral 

fracture, or use of oral glucocorticoids or proton pump inhibitors. Among respondents, 

24.4% had less than a high school education, 23.9% were college graduates, nearly 
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one-third had a personal history of fracture, and one-third had a family history of spine 

or hip fracture in a first degree relative. 

 

Path Model Relationships 

The overall fit of the restricted model (figure 5-2)  was very good (chi-square 

49.85, degrees of freedom 43,  p-value 0.14; CFI 0.962; RMSEA = 0.019), and showed 

a modest direct effect of the patient-provider relationship quality on medication non-

persistence (parameter estimate -0.16, p-value = 0.005). With all other predictors set to 

their mean values, a one standard deviation increase of the patient-provider 

relationship quality from its base mean value reduces the probability of self-reported 

non-persistence 5.7% (from 34.2% to 28.5%). Those with a patient-provider 

relationship quality score 2 standard deviations below the mean had an estimated 

probability of self-reported non-persistence with fracture prevention medication of 

46.5%, whereas those with a patient-provider relationship quality score 2 standard 

deviations above the mean had an estimated probability of self-reported non-

persistence with fracture prevention medication of 23.3%.  

The full model also showed excellent fit (chi-square 45.8, p-value 0.24, CFI 

0.978, and RMSEA = 0.015), and substantial effect of perceived need for fracture 

prevention medication on non-persistence, with lesser effects of medication concerns 

and medication use self-efficacy on non-persistence, and no significant direct effect of 

the patient-provider relationship quality (p-value 0.81) or of medication cost burden (p-

value 0.31) on non-persistence (figure 5-1 ). The apparent total effect of the patient-

provider relationship quality on non-persistence was slightly higher (-0.175) than 

estimated with the restricted model, consistent with introduction of some bias by the 

inclusion of endogenous predictors in the model. Forty two percent of the total effect of 

the patient-provider relationship quality appeared to be solely through perceived need 

for fracture prevention medication (standardized indirect effect -0.081), 20.6% solely 

through concerns about medication (indirect effect -0.039), 9.5% through both 

medication concerns and perceived medication need (indirect effect -0.018) and 21.1% 

through medication use self-efficacy (indirect effect -0.040).  

Instrumental variables analyses, first using instruments only for perceived need 

for medication and then second for both perceived medication need and for concerns 

about medications, showed no evidence of correlations between error terms of the 
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regressions for perceived need for medication, concerns about medications, and non-

persistence (table 5-1 ). However, since we could not create instruments for medication 

use self-efficacy and perceived medication cost burden, we could not test for 

correlations between the error terms of the regressions for medication use self-efficacy, 

perceived medication cost burden, and non-persistence 

When a single-equation probit regression model is employed, the multivariable-

adjusted standardized parameter estimate for the effect of the patient-provider 

relationship quality on non-persistence is again -0.16 (table  5-2). The parameter 

estimate was only -0.08 after addition of perceived need for fracture prevention 

medication as a predictor, and only -0.016 after addition of all of the mediators. Very 

similar results were obtained when the mediating variables were added in the reverse 

order (data not shown). 

 

Discussion  

 Persistence with medication to prevent osteoporotic fractures has now been 

shown in several observational studies to be low. Moreover, medication persistence 

has been shown to be associated with greater reduction of fractures related to 

osteoporosis(59, 61, 63) and health care costs.(60)  

In this cross-sectional survey and medical record review study, we have shown 

that the quality of the patient-provider relationship from the patient’s perspective is 

modestly associated with self-reported fracture prevention medication non-persistence. 

The full multivariate path model suggests that about half of the effect of the patient-

provider relationship quality on self-reported non-persistence is through perceived 

medication need, and a quarter through concerns about medication. Although the 

multivariate model cannot estimate precisely the indirect effects of the patient-provider 

relationship quality is through medication use self-efficacy and perceived medication 

cost burden, the single probit regression models suggest that the remainder of the 

effect of the patient-provider relationship quality on non-persistence is through these 

two mediating variables. There appears to be little if any direct effect of the patient-

provider relationship quality on self-reported non-persistence with fracture prevention 

medication.  

 Numerous qualitative research studies have shown that patients are much 

more likely to view a provider’s recommendation to commence a medication to treat a 
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chronic illness skeptically if they do not have trust in the physician’s competence and 

willingness to share all relevant information with them,(79, 80, 87, 300, 309-311) and/or 

are uncomfortable with their physician’s decision making style.(80, 81, 299) Our study 

is the first to investigate the association of the patient-provider relationship quality with 

non-persistence to medication used to treat osteoporosis, and with medication attitudes 

that in turn are powerful predictors of medication non-persistence. Our results show 

several ways that a good patient-provider relationship could be leveraged to influence 

patient use of fracture prevention medication. Specifically, clearly illustrating the 

patient’s personal risk of fractures and the potential severe health consequences of 

fractures are likely to influence their perceived need for medication. Eliciting and 

addressing concerns patient’s may have about the long-term safety of fracture 

prevention medication and discussing strategies to more easily execute medication use 

in the context of one’s daily life may also positively influence fracture prevention.  

At first glance it may seem surprising that this study did not show a stronger 

association of the patient-provider relationship quality with fracture prevention 

medication persistence. However, we did not assess the content of conversations 

providers had with study participants when recommending pharmacologic fracture 

prevention therapy. Recent studies have shown that when new medications are 

prescribed, side effect risks are thoroughly discussed in a minority of these health care 

encounters.(297) No study, to our knowledge, has specifically analyzed the content of 

conversations providers have with their patients who are at high risk of fractures 

regarding fracture prevention medication. However, Pickney and colleagues have 

recently shown in a cohort of post-menopausal women that only half of those with 

osteoporosis by bone density criteria could accurately recall their bone density test 

results and were aware that they had osteoporosis.(56) Among our study participants 

who had patient-provider relationship quality scores above the mean, only 36% of 

those who had osteoporosis by BMD criteria and a self-reported prior fracture knew the 

correct answers to more than half of the knowledge questions regarding the health 

consequences of fractures, only 44% thought they were at high risk of fractures, 34% 

thought that hip and spine fractures would not pose substantial risk to their health 

should they occur, and nearly a quarter had a perceived need for fracture prevention 

medication in the lowest quartile. This suggests that providers may not be fully 

communicating to patients at the highest risk of fracture the health consequences of 
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those fractures and the potential benefit from pharmacologic fracture prevention 

therapy, leveraging the trust that their patients have in them.  

New guidelines from the World Health Organization,(312, 313) the International 

Osteoporosis Foundation in Europe,(314) and the National Osteoporosis Foundation in 

the United States(315) recommend offering pharmacologic fracture prevention therapy 

to those with an estimated absolute 10 year fracture risk above a specific threshold, 

rather than for those with a bone density level below a specific threshold. This may 

help focus the attention of patients with osteoporosis specifically on their susceptibility 

to fracture. However, we believe that to further improve persistence with pharmacologic 

fracture prevention therapy, providers will also have to specifically elicit and address 

under-appreciation of the adverse health consequences of fractures, concerns that 

patients have regarding the long-term safety and dependence upon fracture prevention 

medication, and any concerns patients may have regarding their ability to afford 

medications or execute their use in the context of their daily lives. We further postulate 

that these efforts will be most successful when employed by providers with whom 

patients have a high level of trust and a good therapeutic alliance.    

 There are several strengths of our study. This is the first quantitative study 

regarding the effect of the patient-provider relationship quality on fracture prevention 

medication persistence, adjusting for other variables that have been shown to be 

strongly associated with medication persistence and compliance. This is also the first 

study to address the association between the patient-provider relationship quality and 

other predictors of fracture prevention medication persistence (most notably medication 

attitudes held by the patient), allowing us to hypothesize and test the mechanisms by 

which the patient-provider relationship can be leveraged to improve fracture prevention 

medication persistence. This is also the first study of fracture prevention medication 

compliance to include objective measures of fracture risk from the medical record, 

most notably bone mineral density. Our response rate of 63%, while not excellent, is 

nonetheless much better than some others that have assessed the association 

between attitudes regarding fracture prevention medications and persistence with 

those medications. 

 There are also important limitations of this study. We had to use self-report to 

assess medication persistence because we did not have access to pharmacy claims 

data for most of the cohort. This study is cross-sectional, and hence the study is 
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subject to recall bias on the part of patients with respect to their medication use 

behavior. Because our sampling frame included only those who had one or more 

prescriptions for an oral bisphosphonate recorded in the medical record, our study 

sample did not include any patients who refused to accept a prescription for a fracture 

prevention medication from the outset. 

 To conclude, the quality of the patient-provider relationship from the patient’s 

perspective is modestly associated with self-reported persistence with fracture 

prevention medication. Providers who have a better relationship with their patients at 

high risk of fracture may be better able to influence those patients’ perceived need for 

fracture prevention medication, alleviate concerns about the long-term safety of and 

dependence upon those medications, and influence medication use self-efficacy, and 

thereby positively influence persistence with fracture prevention medication. Further 

research is needed regarding the actual content of conversations that providers have 

with their patients when recommending fracture prevention therapy, and how that 

content can be altered to maximally leverage the trust that patient’s have in their 

providers to improve appropriate persistence with fracture prevention medication.  
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Table 5-1: Parameter Estimates Instrumental Variabl es Analyses  
 

 
Instrumented     

Variable(s) 

 
Perceived Need 
for Medication 

 
Concerns about 

Medication 

 
Wald Test *       

(p-value) 
 

 
None** 

(95% C.I.) 

 
-0.37 

(-0.49 to -0.26) 
 

 
0.11 

(0.00 to 0.22) 
 

 
 

 
Perceived Need for 

Medication Only 

 
-0.39 

(-0.81 to 0.02) 

 
0.14 

(-0.05 to 0.33) 

 
0.01  

(p = 0.91) 
 

 
Perceived Need &  
Concerns about 

Medications 
 

 
-0.43 

(-0.87 to 0.01) 

 
0.03 

(-0.34 to 0.39) 

 
0.24 

(p = 0.89) 
 

*Test for significant regression error term correlations 
**All Predictors treated as exogenous variables 
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Table 5-2:  Attenuation of the Effect of the Patien t-Provider Relationship Quality 
on Non-Persistence by Addition of Postulated Mediat ing Variables 
  

 
Mediating Predictors Included 

 

Standardized Parameter  Estimate 
for Patient-Provider Relationship 

Quality*               
(95% C.I.) 

 
 

Base (no additional mediators)* 
 

 
-0.158 

(-0.261  to -0.056) 
 

 
Base plus Perceived Need for Fracture 

Prevention Medication 
 

 
-0.080 

(-0.189 to 0.028) 

 
Base plus Medication Concerns & 

Perceived Need for Fracture Prevention 
Medication 

 

 
-0.044 

(-0.156 to 0.070) 

 
Base plus Med Use Self-Efficacy,  

Medication Concerns, & Perceived Need 
for Fracture Prevention Medication 

 

 
-0.024 

(-0.139 to 0.091) 

 
Base plus Medication Cost Burden,  Med 

Use Self-Efficacy,  Medication Concerns, & 
Perceived Need for Fracture Prevention 

Medication 
 

 
-0.016 

(-0.132 to 0.100) 

*Adjusted for proton pump inhibitor use, number of adverse drug reactions in medical 
record, depression, personal history of fracture, family history of fracture, bone mineral 
density T-score, age, educational level, income level, smoking status, glucocorticoid 
use, and prevalent vertebral fracture status on VFA 
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Figure 5-1: Effects of Patient-Provider Relationshi p Quality (Full Path Model, 
Standardized Parameter Estimates) 
 

Fracture 

Knowledge (kn)

Patient-Provider 

Relationship Quality 

(doc)

Fracture 

Susceptibility –

Severity (ss) Need for 

Medication 

(need

Medication 

Non-Persist 

(stop)

Medication 

Concerns (con)

Medication Cost 

Burden (ct)

-0.23** Med Use Self-

Efficacy (eff)

0.28**

-0.01

0.22**

-0.32**

0.24**

0.29**

0.05

-0.14*

0.01

0.12*

-0.33**-0.17**

 
*Parameter estimates that are significantly different from zero at a p-value <0.05  
**Parameter estimates that are significant at p-value <0.0001 (also in bold) 
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Figure 5-2: Effects of Patient-Provider Relationshi p Quality (Restricted Path 
Model, Standardized Parameter Estimates) 
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Chapter 6 
 

Conclusions 
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 As the overall disease burden in the population of industrialized and 

industrializing countries continues to shift increasingly to chronic diseases for which 

their management requires the long-term use of medication,(316-318) non-compliance 

with those medications is important.(319) Non-compliance to anti-hypertensive 

medication is associated with lack of blood pressure control which in turn is associated 

increased incidence of morbid and fatal cardiovascular disease events,(320) and non-

compliance with oral medications to control blood glucose and anti-hypertensive 

medications with increased hospitalization, health care utilization, and health care 

costs.(321) Non-compliance with anti-retroviral medications is associated with higher 

viral load among patients with HIV infection,(147) which in turn is associated with 

increased immunodeficiency, infections, and mortality. Non-compliance with fracture 

prevention medication among that subset of older individuals at high risk of fracture is 

associated with higher rates of fractures and higher health care costs.(34, 44, 59-61, 

63, 65, 322) 

 When medication use behavior is conceptualized as purposeful, goal-directed 

behavior, then the attitudes that individuals who are prescribed medication have of 

both the consequences of the target condition and of the medications themselves are 

important in their decisions as to whether or not to accept a prescription to treat a 

chronic condition and persist with it.(276, 278, 284) This study has confirmed that the 

necessity-concerns framework, which has been used with moderate success predict 

medication use behavior in other chronic illnesses such as asthma,(145, 292) HIV 

infection,(146, 147) diabetes mellitus,(143, 237) and cardiovascular disease,(143, 237) 

is also a reasonable conceptual framework with which to explain use of fracture 

prevention medication use behavior. 

 

Summary of Principal Findings of this Project 

 This work extends substantially previous formulations of the necessity-concerns 

framework in general, identifies additional predictors that in the context of the 

necessity-concerns framework are important for understanding fracture prevention 

medication use, and extends understanding of medication use behavior in several 

ways.  
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 Predictors of Non-Persistence Compared to Non-Compliance 

This study strongly suggests that non-persistence, that is failing to maintain use 

of a medication for the duration of time for which it was prescribed, has a different 

(although overlapping) set of predictors than compliance, defined broadly by the 

International Society for Pharmacoeconomics and  Outcomes Research (ISPOR) as 

taking medication in the correct doses at the correct time. Persistence with fracture 

prevention medication was strongly associated with perceived need for fracture 

prevention medication, modestly with concerns about the long term safety of and 

dependence upon medication, and with medication use self-efficacy. Although age 

appeared to be have a direct negative association with non-persistence, age also was 

negatively associated with perceived need for fracture prevention medication, a 

paradoxical result given that fracture risk rises with age. The indirect association of age 

through perceived need for medication with non-persistence therefore was positive, 

and hence the total effect of age with either aspect of non-persistence was 

insignificant. 

In contrast, self-reported non-compliance (defined more narrowly as missing 

prescribed doses) was associated moderately strongly with medication use self-

efficacy and concerns about the long-term risks of and dependence upon medications, 

but was not associated with perceived need for medication. The former association 

suggests that some missed doses are unintentional, but the latter association suggests 

that some missed doses may be intentional to reduce one’s sense of risk from or 

dependence upon medication use. Those of older age self-reported less non-

compliance than those of younger age, and this effect was nearly entirely direct and 

not through any other predictors. 

 

Predictors of Non-Persistence due to Side Effects Compared to Non-

Persistence for Other Reasons 

 Non-persistence can also be conceptualized as due to side effects or due to 

other reasons, and these also have an overlapping but different set of predictors. 

Perceived need for fracture prevention medication is an important predictor of both. 

Concerns about the long-term safe of and dependence upon medications, however, is 

primarily associated with discontinuation of medication due to side effects, and less so 

with discontinuation for other reasons. Consistent with this, bad experiences with 
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medications, operationally defined as the number of adverse drug reactions listed in 

the ADR file of the medical record, is also associated with non-persistence due to side 

effects but not with non-persistence for other reasons. These results are consistent 

with the hypothesis that those with adverse events while on medication are more likely 

to attribute causality for those events to one or more medications that they are taking 

and/or perceive a greater threat to their health from those events if they have 

substantial concerns about the long-term safety of these medications or have had prior 

bad experiences with medication. Finally, PPI use was associated with non-persistence 

due to side effects , an expected finding since PPI’s are used to treat gastric acidity 

disorders and dyspepsia is the most common side effect to oral bisphosphonate 

medication. PPI use was not associated with non-persistence for reasons other than 

side effects or with non-compliance.  

 In contrast, medication use self-efficacy was associated with non-persistence 

for reasons other than side effects but not significantly with non-persistence due to side 

effects. Perceived medication cost burden was mildly associated with non-persistence 

for other reasons and not at all with non-persistence due to side effects, consistent with 

other work that generally shows that perceived medication cost burden appears to be a 

predictor of medication use behavior only among those of limited income. Current or 

past smoking was associated with non-persistence for reasons other than side effects 

compared never having been a smoker, but not with non-persistence due to side 

effects. The reasons for this are unclear, especially since this association was 

independent of the four main medication attitude variables. 

 

 Predictors of Perceived Need for Fracture Prevention Medication  

 This study is the first among those using the necessity-concerns framework that 

has examined predictors of perceived need for medication. As expected, perceived 

need for fracture prevention medication is associated with perceived susceptibility to 

and severity (health consequences) of fractures, with the quality of the patient-provider 

relationship quality, and mildly with concerns about medications. Among objective 

indicators of fracture risk, documented prevalent vertebral fracture on lateral spine 

imaging done on a bone density has the strongest association with perceived need for 

fracture prevention medication, but unexpectedly this effect is direct rather than 

through perceived fracture susceptibility*severity. Moreover, the effect of bone mineral 
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density on perceived need for fracture prevention medication is weak. Although 

personal history and family history of fracture are mildly associated with fracture 

susceptibility*severity, their associations (direct plus indirect) on perceived need for 

medication are insignificant. Fracture knowledge has a weak indirect association with 

perceived need for fracture prevention medication. Through perceived need for fracture 

prevention medication, the presence of a prevalent vertebral fracture on lateral 

densitometric spine imaging and lower bone mineral density had, respectively, modest 

and weak effects on medication persistence.  

 

The effect of the quality of the patient-provider relationship quality on 

medication use behavior 

 Many studies have shown that patient satisfaction with medical care and with 

the providers of that care are associated with the trust that the patient has in that 

provider to provide competent care, to consider patient’s interests paramount, how well 

they communicate with and answer patient’s concerns, and how congruent their 

decision making style is with the patient’s. Only a few studies have evaluated the 

association of these variables specifically with medication non-persistence and non-

compliance, and none to date have estimated the association of the patient-provider 

relationship quality with medication attitudes, or whether or not these medication 

attitudes mediate the association between medication use behavior and the patient-

provider relationship quality.  

 While the component scales in the patient-provider relationship quality 

construct were developed as separate scales, this study suggests that trust in the 

provider, perceived openness of provider communication, and congruence with 

provider decision making style are all part of the same construct. In this study, the 

patient-provider relationship quality was modestly associated with medication non-

persistence, and roughly half of the effect was through perceived need for fracture 

prevention medication and about 25% through medication concerns, and most of the 

remainder through medication use self-efficacy, with little if any direct effect on non-

persistence. However, no association between the patient-provider relationship quality 

and perceived fracture susceptibility*severity was evident in this dataset. While this 

could mean that providers influence on their patients’ perceptions of their fracture 

susceptibility*severity is unrelated to the patient-provider relationship quality, it is more 
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likely that providers are not leveraging the trust that their patients’ do have in them to 

improve the congruence between their actual fracture risk and their perceived fracture 

susceptibility*severity and need for fracture prevention medication.  

 

Better Estimation of the Total Effects of Predictor Variables with Multivariate 

Models   

 A key difference between this study of medication use behavior and prior ones 

is that, with one exception,(145) prior studies have used single-equation regression 

models to estimate the association of predictors with use of fracture prevention 

medication. The overall effect of certain predictors on medication use behavior, 

however, may be over or underestimated because indirect effects through other 

predictors are missed. For example, one-third of the association between concerns 

about medications and non-persistence with fracture prevention medication was 

indirect through perceived need for fracture prevention medication. Similarly, the 

association between the patient-provider relationship quality and medication non-

persistence would be judged to be insignificant if this had been estimated with a single-

equation model with the medication attitudes included as covariates. 

 

Implications of Project Findings  

 The results of this project have several implications with respect to improving 

medication compliance with fracture prevention medications in particular and with 

compliance with chronic medication to prevent adverse future health outcomes in 

general. First, vertebral fracture assessment may have a significant role to play in 

encouraging compliance among fracture prevention medication. Two-thirds to three-

quarters of vertebral fractures occur without acute clinical symptoms, and generally are 

unrecognized clinically until lateral spine imaging reveals their presence.(323, 324) 

They are a marker of skeletal fragility, and those with one or more prevalent vertebral 

fractures have a four-fold higher incidence of vertebral fracture and a two-fold higher 

incidence of hip fracture compared to those without prevalent vertebral fracture, 

adjusted for age and bone mineral density.(294, 296, 325-327) Moreover, prevalent 

vertebral fractures are common among older women and men; the population-based 

prevalence of moderate to severe vertebral fracture among women in Rochester, 

Minnesota age 70 to 74 has been estimate to be 21%.(328) In the European Vertebral 



   135 

 

Osteoporosis Study, the age-adjusted prevalence of vertebral fracture among both 

women and men age 50 and older were 12% to 20%, depending on the method of 

vertebral fracture adjudication used.(329) More widespread use of vertebral fracture 

may therefore identify a significant subset of older men and women who not only are at 

higher risk of fracture, but also by virtue of having that prevalent vertebral fracture 

identified have a higher perceived need for fracture prevention medication. In this way, 

vertebral fracture assessment may modestly improve fracture prevention compliance 

among the subset of older women and men who are at the highest risk of fracture, and 

for which the efficacy of fracture prevention medication has been most extensively 

established.   

 Second, the constellation of variables that influence medication use behavior is 

complex and varies from person to person. Therefore, simple interventions such as 

provision of education materials or follow-up phone calls to encourage patients by and 

large have not been effective in improving medication compliance, and only complex 

interventions that employ a variety of interventions including encouraging self-

monitoring, increasing convenience of medication use, education, and telephone 

follow-up, often delivered by multidisciplinary teams that are not easy to translate into 

clinical practice, have had a measureable effect on medication use behavior.(330-333) 

Moreover, the extent to which these studies have assessed medication and target 

condition attitudes and have tailored the intervention accordingly is unclear. The results 

of this project confirm that attitudes regarding medications are important predictors of 

chronic medication use behavior, and suggest that interventions to improve compliance 

will be limited if patients’ attitudes regarding medications recommended to them are not 

solicited and addressed. In particular, providers may be able to influence positively 

appropriate medication use behavior by assessing the congruence of patients’ 

perceived need for fracture prevention medication with their actual fracture risk, 

personal priorities and values, by eliciting and addressing concerns they may have 

regarding the long-term safety of and dependence upon medications, and assessing 

their confidence in taking medication in the context of their daily lives. However, the 

lack of any association between the patient-provider relationship quality and patient 

perceived fracture susceptibility*severity, and the weak associations between objective 

indicators of fracture prevention medication and perceived need for fracture prevention 
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medication suggests that providers may not be adequately engaging with patients as to 

why they personally are at high risk of fracture. 

 However, providers do not appear to have the time or resources within the 

context of traditional organization of clinical practice to perform these assessments for 

their patients treated for chronic illnesses. A recent study of videotaped interactions 

between primary care providers and patients for whom they were prescribing a new 

medication showed that providers discussed the side effects of the proposed new drug 

only 35% of the time,(297) let alone the more time consuming tasks of assessing the 

patient’s attitudes toward the target condition being treated, the medication proposed to 

treat that target condition, and patient concerns about medications in general. Clinical 

primary care practice has traditionally been organized to treat acute episodes of illness 

rather than manage chronic conditions, and there has been considerable concern that 

current reimbursement policies for medical care rendered for Medicare beneficiaries 

creates disincentives to engage with patients with chronic illnesses adequately 

regarding the medications used to manage these illnesses.(318, 334) In particular, 

elicitation of patient preferences and values regarding treatment options may require 

more time. Discussions focused on patient attitudes regarding the target condition(s) 

and the medications proposed to treat them would naturally include elicitation of patient 

preferences and values.(335)  

 Over the last two decades, conceptual frameworks of chronic care 

management such as the Chronic Care Model and the Medical Home have been 

developed to better address the needs of patients with chronic illnesses or complex 

care needs.(336-338) The Chronic Care Model  emphasizes not only disease 

management techniques, but also improving self-management of chronic conditions by 

patients themselves, providing decision support (both in the form of evidence-based 

guidelines for use by providers and decision aids to help patients choose among 

options for managing a particular medical problem), and information systems to 

coordinate care among different providers.(339) One particular application of the 

Chronic Care Model, Guided Care, is intended to improve quality of care and health 

outcomes among elderly individuals with multiple co-morbidities.(340, 341) This 

approach utilizes trained nurses to develop a Care Guide in conjunction with the 

patient’s primary care provider from an assessment of the patient’s medical, functional, 

and psychosocial status and evidence-base guidelines. The Guided Care Nurse is 
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trained to use motivational interviewing techniques to identify patient goals and 

preferences, and to motivate the patient to actively participate in his or her care and 

adhere to the Care Guide.(340) It is in the context of this function that the Guided Care 

Nurse could elicit patients’ medication attitudes, addressing misconceptions regarding 

these medications and the target conditions they are intended to treat, and putting 

together a medication use and monitoring plan to reduce the risk of harm and improve 

patients’ medication use self-efficacy. An advantage of this approach is that the Guided 

Care Nurse works with a small group of primary care providers, but the overall 

structure of the primary care practice requires little alteration.  

 

Limitations of This Project  

 There are several important limitations to this project. First, as discussed in the 

chapters within which the results of this project are presented, is the use of self-report 

to assess medication use behavior. The accuracy of self-report for medication use is 

only modest, and it generally is biased in favor of over-reporting compliance and 

persistence. This biases our estimated associations of predictors with medication use 

behavior toward the null, and hence some of the associations that we found to be 

insignificant might appear to have a modest association with medication use behavior if 

a more accurate measure of medication use were employed. 

 Second, the cross-sectional design of this study leaves open the possibility that 

reverse causality may bias some of our findings. For example, if an individual 

discontinues oral bisphosphonate medication and subsequently experiences no 

fractures for several months (especially if they had a fall and did not fracture) they may 

conclude that fracture prevention medication is not as important for their health as they 

might have otherwise thought. Similarly, if a person unintentionally forgets to take 

medication or in the context of their task environment does not get a medication 

refilled, their medication use self-efficacy may erode from this. These reverse causal 

pathways, if present, would exaggerate the association between medication use 

behavior and some of its purported predictors. While it is true that the instrumental 

variables (IV) analyses did not reveal substantial changes in the estimated 

associations between medication use behavior either perceived need for or concerns 

about medication, the confidence intervals around the IV parameter estimates are 

wide, and hence the IV analyses cannot fully rule out this source of bias. 
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 Third, there are several potential predictors of medication use that we did not 

assess as part of this project, and their exclusion may account for some of the 

unexplained variance in medication use and other dependent variables in the empirical 

model. First, we did not assess health value, that is how salient health is for the 

participants in this study. The salience of health refers to the degree to which 

individuals make preserving their health a priority among the competing demands on 

their time and cognitive resources.(342) While some may have maintenance of their 

health as one of their top priorities, others may rank other needs higher (such as their 

job, maintaining their home, or attending to the health or needs of others within their 

family or close social network). Low relative health value could explain why some 

individuals might not comply with medication use in spite of being at high risk of 

fracture. 

 Related to health salience, we did not assess time preference. Positive time 

preference refers to the extent to which individuals devalue costs and benefits that may 

be borne or accrue in the future compared to present day costs and benefits.(343, 344) 

That is, delayed gratification is of less value in varying degrees to humans than 

immediate gratification. This is of relevance to medication use to prevent adverse 

consequences of chronic illness in general and osteoporotic fracture in particular, 

because in essence when a patient is prescribed a preventive medication they are 

being asked to expend resources (cognitive and financial) in the present day to prevent 

events that may or may not happen in the future. Those with a highly positive time 

preference may be significantly less willing to take on preventive health behaviors 

particularly if these interfere with other activities that yield immediate rewards. Empiric 

studies suggest that individuals’ time preferences with respect to health benefits and 

costs are variable and may influence their health behaviors,(345-347) with those who 

discount future health benefits to a greater degree being less willing to expend present-

day resources to gain delayed health benefits, which may then lead to adverse future 

health outcomes.(348) 

 Finally, we did not assess the influence of participants’ social network ties, be 

they strong ties (such as family members and close friends) or weak ties (such as 

internet web sites or direct-to-consumer advertising). There is a large literature that has 

documented the influence of close social network ties and of ethnicity-related social 

norms on health beliefs and on perceived value of certain classes of interventions,(349, 
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350) be they allopathic interventions, complementary and alternative medicine 

interventions, or self-help interventions.(196, 200, 351) Attitudes toward medications 

specifically have been shown to be related to ethnicity,(352) and are highly likely to be 

influenced by one’s social network. Similarly, while the ultimate effect of direct- to-

consumer pharmaceutical advertising on actual medication use behavior is still under 

debate, there is strong evidence that these advertisements do stimulate patients and 

their families to investigate these products and engage in conversations with their 

health care providers regarding their possible use.(353, 354) The omission of these 

variables may again be responsible for some of the unexplained variance of self-

reported medication use behavior in this project. 

 

Future Research Agenda   

  The unimpressive changes in medication use behavior to treat chronic 

illness that have been seen in interventional studies to improve compliance with 

medication to treat a variety of chronic illnesses raises the issue of whether or not 

these have failed in part due to an incomplete understanding of the phenomenon of 

medication use behavior. An extant question from this project is whether or not an 

interventional study is worthy of pursuit now based on the findings presented in this 

thesis, or whether further study of predictors of the underlying phenomenon is needed 

first. On one hand, it appears that the studies of interventions to improve compliance 

have focused primarily on medication use self-efficacy, dosing convenience, follow-up 

phone support, and general education about the target intervention, and it is unclear 

that the interventions adequately engaged participants about their medication and 

target condition beliefs in an interactive manner. On the other hand, as has been 

outlined throughout this thesis, there remains much to be learned about the 

determinants of medication use behavior.  

 It may be possible to devise an intervention study employing motivational 

interviewing to help patient’s articulate their priorities and values, identify and correct 

misconceptions about the target condition and the medications proposed to treat them, 

devise a management protocol including medication use that is safe from the patient’s 

perspective, and point out ways in which not using medication is adverse to their 

priorities, values, and goals. Done prospectively, such a study could employ a 

hierarchical (since patients will be nested within providers and clinics) panel data 
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design, where medication use behavior over one time period is included as a predictor 

for medication use behavior at subsequent time periods. 

However, several additional components would be critical to include. First, such 

a study should be done in settings where there is complete access to pharmacy claims 

data, both because pharmacy claims are more accurate than self-report, and because 

once an individual has given consent at the start of the study, the dependent variable 

can be quietly assessed in the background minimizing the degree to which the 

assessment of medication compliance itself influences medication use behavior. 

Second, this study should be done in the context of a care system that can reliably 

deliver a meaningful intervention, such as one employing many facets of the chronic 

care model, and not in a health care setting focused only or even primarily on short-

term acute health care needs. Third, health salience, time preference and social 

network influences should be included as covariates (at least at baseline) in addition to 

the other predictors demonstrated to be of importance in this project. Such a study 

likely will require additional preliminary work to develop good measures of time 

preference and social network influences specifically around the issue of medication 

attitudes and use. 
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