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Abstract

Background—Medication non-adherence is extremely common for osteoporosis, however no 

clear methods exist for identifying patients at-risk of this behavior. We developed a clinical 

prediction rule to predict medication non-adherence for women prescribed osteoporosis treatment.

Methods—Women undergoing bone mineral density testing and fulfilling WHO criteria for 

osteoporosis were invited to complete a questionnaire and then followed for one year. Adjusted 

logistic regression models were examined to identify variables associated with very low adherence 

(medication possession ratio < 20%). The weighted variables, based on the logistic regression, 

were summed and the score compared with the proportion of subjects with very low adherence.

Results—142 women participated in the questionnaire and were prescribed an osteoporosis 

medication. After one year, 36% (n = 50) had very low adherence. Variables associated with very 

low adherence included: prior non-adherence with chronic medications, agreement that side 

effects are concerning, agreement that she is taking too many medications, lack of agreement that 

osteoporosis is a worry, lack of agreement that a fracture will cause disability, lack of agreement 

that medications help her stay active, and frequent use of alcohol. When combined into a 

summative score, 36 of the 58 subjects (62%) with 7 or more points on the score demonstrated 

very low adherence. This compares with 14 of the 84 (17%) subjects with fewer than 7 points (c-

statistic = 0.74).

Conclusions—We developed a brief clinical prediction rule that was able to discriminate 

between women likely (and unlikely) to experience very low adherence with osteoporosis 

medications.
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INTRODUCTION

Osteoporosis is a major public health issue – 50% of women and 25% of men aged 50 years 

and over will sustain fractures during their lifetime. Fractures reduce quality of life, cause 

pain and loss of function, and appear to increase mortality.1–3 In addition, they are 

associated with substantial costs. Recent estimates for the US are that there were more than 

2 million incident fractures at a direct medical cost of $17 billion in 2005; these are 

projected to rise by almost 50% over the next 15 years.4

The last fifteen years has seen the development of many effective pharmacologic treatments 

for osteoporosis. All such treatments have demonstrated the ability to improve bone mineral 

density and reduce fractures compared with placebo in randomized controlled trials.5 The 

use of these treatments remains sub-optimal, with under-treatment of at-risk patients by 

clinicians and very low adherence by patients.6–8 Across many populations from numerous 

settings, fewer than 50% of patients remain adherent with treatment one year after 

initiation.9–11

Adherence can be improved, but it is not simple. A Cochrane Collaborative review found 

that less than half of all randomized controlled trials targeting medication adherence 

produced improvement in clinical outcomes.12 In the osteoporosis arena, several adherence 

interventions have shown some promise.13 Reduction in the frequency of medication dosing 

has been found to improve adherence, but only in non-randomized studies.10, 11 In addition, 

the introduction of educational counseling appears to improve adherence.14, 15

Because some patients remain moderately or highly adherent to their medications, it would 

be most cost-effective to target adherence-enhancing strategies toward persons at high risk of 

non-adherence. Our goal was to determine potential predictors of very low adherence with 

osteoporosis medications. We combined these predictors in a clinical prediction rule that 

might be useful for identifying patients likely to experience very low adherence with 

osteoporosis medications.

METHODS

Study Cohort

Women enrollees of one health plan undergoing bone mineral density (BMD) who fulfilled 

the WHO criteria for OP and had not been treated with an OP drug in the prior 6 months 

were invited to complete a questionnaire about osteoporosis and grant permission for review 

of medical and pharmacy records. The study invitation did not discuss medication 

adherence. Consenting women filled the survey out in their home and were then followed for 

the subsequent year to examine their BMD results and use of osteoporosis medications. 

Women were not systematically shown their BMD results, although most providers shared 

this information with their patients. Our study focuses on the participating women who were 

prescribed a medication for osteoporosis during the subsequent twelve months and were still 

in the health plan at month twelve. Such medications included bisphosphonates 

(alendronate, ibandronate, risedronate, and zoledronic acid), calcitonin, hormone 
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replacement therapy, raloxifene, and teriparatide. Five women using intravenous 

preparations were subsequently excluded from analyses. Since we have access to the 

electronic medical record, we were able to include subjects that were prescribed a 

medication for osteoporosis but never filled it at the pharmacy. The study protocol was 

approved by the Saint Vincent Hospital, Fallon Clinic, Fallon Community Health Plan 

Institutional Review Board/Research Review Committee.

Outcome

The study outcome was very low medication adherence, defined as a medication possession 

ratio (MPR) < 20%, including women who never filled a prescribed medication. The MPR is 

a commonly used measure of adherence and was defined as the percentage of days during 

follow-up with medication available.16 We did not assess persistence. Follow-up began with 

the first medication dispensing or the date of the prescription for the women who did not 

pick up any medication. Available medication was judged based on the number of days 

supply dispensed, as determined by the pharmacy claims collected by Fallon Community 

Health Plan. The MPR for women prescribed an osteoporosis medication but who never 

received it was zero. If dispensed medications overlapped in their duration, we assumed that 

use was not concurrent. The maximum MPR was 100%. Subjects were not excluded if they 

switched between osteoporosis medications.

We chose < 20% as the definition of very low adherence for two reasons. First, while the 

precise relation is not clear, several studies suggest that reduced medication adherence 

correlates with a reduced fracture reduction effectiveness. However, it would be hard to 

imagine that at an MPR < 20% the medications produce any clinically important benefit. 

Second, by defining the outcome at such a low MPR, we hope that clinicians and/or the 

health delivery systems will be motivated to use the clinical prediction rule we develop to 

intervene. Sensitivity analyses were also performed for a threshold of MPR < 40% and < 

80% to determine if the significant predictors varied by MPR level.

Potential Predictors

Potential predictors came from either responses to the questionnaire or previously collected 

health care claims.

Questionnaire—The questionnaire, described in earlier work,17 contained a variety of 

items, including sociodemographics, health behaviors, osteoporosis knowledge, and 

perceived osteoporosis severity (see Appendix for complete questionnaire). Most items used 

a 5-category Likert scale, ranging from “strongly agree” to “strongly disagree”.

Health care claims—We examined the health care utilization or claims data for the 12 

months prior to the survey to determine each subject’s use of preventive services, such as 

colonoscopy, mammography, Pap smear, pneumococcal vaccine, and influenza vaccine. A 

Charlson comorbidity index was calculated based on published algorithms for health care 

claims data.18 As well, the pharmacy claims data were assessed for the filling of at least two 

prescriptions for chronic medical conditions, such as diabetes, hypertension, or 
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hyperlipidemia. Subjects with these diagnoses but less than two prescription fillings were 

considered to have had prior non-adherence.

Statistical Analyses

We first examined the baseline characteristics of study subjects. The MPR was calculated 

during the follow-up year and the distribution of MPRs for the entire study cohort was 

assessed. Baseline characteristics and questionnaire responses were compared among 

subjects who experienced very low adherence versus the remaining cohort.

Four domains of potential predictors were identified: sociodemographic, health care factors, 

osteoporosis factors, and osteoporosis beliefs. Univariate and multivariable logistic 

regression models were examined for each domain. Variables with p-values ≤ 0.10 or odds 

ratios (ORs) > 2.0 or < 0.5 in the domain-specific models were considered for inclusion in 

the full multivariable logistic regression. Only variables with p-values < 0.10 were included 

in the final model for very low adherence. In secondary analyses, these variables were also 

tested with adherence < 40% and < 80% as the outcome.

The variables remaining in the fully adjusted model were used to develop a preliminary 

clinical prediction rule for very low adherence. We weighted each variable based on its OR 

and then summed the weights to create a score. In this manner, each subject in the study 

cohort was assigned a score, the distribution of scores was assessed, and the proportion with 

very low adherence was examined for each score. The area under the receiver operating 

characteristic curve (the c-statistic) was used to assess the predictive ability of the model. All 

analyses were carried out in SAS (Cary NC).

RESULTS

465 women were invited to participate. 142 women were prescribed medications and 

consented to participate. Ninety-seven (68%) were aged 65 and over, all were Caucasian, 

and 77% reported at least a high school education. Sixty-three percent of women made at 

least four visits to a health care provider in the prior year and the average number of 

medications used was 4.5. Only six women were diabetic, but 38% were using a lipid 

lowering agent and 39% were using an anti-hypertensive medication. During the year prior 

to enrollment, the cohort engaged in many preventive health services, such as 

mammography (74%), colonoscopy (32%), and influenza vaccines (49%).

The distribution of MPRs is shown in Figure 1. The mean MPR was 55% and the median 

54% (interquartile range 16 – 92%). Approximately one-third of women (n = 45) had MPRs 

of 80% and greater. Fifty women (35%) had MPRs < 20% and constitute the group with 

very low adherence. Within this group were 16 women who never filled their osteoporosis 

prescription, the remaining 34 women stopped filling their prescriptions regularly during the 

year of follow-up

A number of sodiodemographic and health care factors differed slightly between women 

with very low adherence and the other women (see Table 1). Women with very low 

adherence were slightly younger, used fewer medications, and were less likely to have high 
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blood pressure. Those with very low adherence were slightly more likely to have had an 

influenza vaccine and more likely to have a score of at least one on the Charlson 

comorbidity index. As well, alcohol consumption of at least 2 drinks per day was more 

common in the very low adherence group.

Osteoporosis factors and osteoporosis beliefs also differed by adherence level (see Table 2). 

In general, women with very low adherence were less likely to agree with positive 

statements about osteoporosis medications and less likely to express concern with fractures.

Partial logistic regression models were examined for each of the four domains of interest – 

sociodemographic, health care factors, osteoporosis factors, and osteoporosis beliefs. The 

area under the receiver operating characteristic curves differed greatly for the four domains: 

c-statistics sociodemographic = 0.52, c-statistic health care factors = 0.69, c-statistic 

osteoporosis factors = 0.65, and osteoporosis beliefs = 0.81. Variables were selected from 

each of the domains based on p-values and ORs. The final multivariable model is shown in 

Table 3 (c-statistic = 0.79). The ORs for each of the variables provided a weight to create a 

score for the clinical prediction rule (see Table 3). When the model was re-run using an 

MPR < 80%, the c-statistic was 0.73 and the ORs were similar (see Supplemental Table).

The covariate weights were used to give each subject a score on the clinical prediction rule. 

In Table 4, we list the number of subjects with each score and the n (%) with very low 

adherence at each score. At low scores, few subjects had very low adherence. However, there 

appeared to be a threshold at a score of 6 on the clinical prediction rule, above which 62% of 

subjects (36 of 58) experienced very low adherence. In a logistic regression model, the 

clinical prediction rule threshold of 6 demonstrated a c-statistic of 0.74.

DISCUSSION

We examined potential predictors of adherence with osteoporosis medications. Very low 

adherence (<20%) was chosen as an important category to predict since it would be hard to 

argue that patients receive any benefit from medications used in this way. Sociodemographic 

information, health care factors, osteoporosis factors and beliefs were assessed and seven 

predictors of very low adherence were identified. From the ORs calculated in an adjusted 

logistic regression model, a clinical prediction rule was developed. In this sample, the rule 

had a strong ability to discriminate between patients likely to experience very low adherence 

versus other patients.

This rule is preliminary and requires validation. In such a small sample, we were unable to 

do more than develop the rule. However, the variables have strong face validity and will 

likely relate to very low adherence in other populations. We chose < 20% as a cutoff for 

developing this rule because it is clear that such patients require an intervention to improve 

adherence. Some may consider it warranted to intervene at higher adherence levels. The 

appropriate threshold for adherence is not clear and so we chose a very low level. However, 

the findings were unchanged when we used 40% as a threshold and not 20%. Other factors 

that might be considered when determining the appropriate adherence threshold include the 
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likelihood of patient response to a given intervention and cost-effectiveness of intervening in 

a given group.

Our methods are limited by several important factors. First, our sample was relatively small 

and consisted of white women who were all insured. It is unclear if the rule will apply to 

other groups of patients; testing in other groups is warranted to assess generalizability. 

Second, the group of potential predictors that we studied was broad but not all inclusive. 

Psychological factors, such as depression or anxiety, were not queried. In addition, 

complexity of medication regimens might play a role in very low adherence, but we did not 

inquire. Other factors to be tested in future work include the presence of osteoporosis versus 

osteopenia and a history of fracture. All women in our sample had osteoporosis and we had 

incomplete information about prior fractures. Third, we followed patients for only one year 

and non-adherence may occur beyond one year. Fourth, some of the non-adherence may 

have been recommended by physicians. We did not exclude subjects who switched between 

medicines to limit this issue.

While the goal of this paper was to develop a clinical prediction rule, some of the responses 

regarding osteoporosis beliefs in Table 2 were notable and require comment. Among the 

fifty women with very low adherence, 88% believed that they could take care of their 

osteoporosis without medications. Perhaps, this should not be a surprise among very low 

adherers, but this attitude suggests a lack of education about osteoporosis. A majority of this 

group also agreed that medications cause a lot of problems. One way to improve adherence 

may be to work on this presumed knowledge deficit.

If validated, the clinical prediction rule we developed could have value in practice. Patients 

starting osteoporosis medications could be queried by their physician, nurse, or pharmacist 

about the issues contained in the clinical prediction rule. Patients scoring above 6 points 

could be considered as good candidates for adherence-enhancing interventions. Such 

interventions might include medications with different administration schedules (i.e., less 

frequent dosing), increased education about the value of medications for osteoporosis, 

increased follow-up about medication adherence, or a medication reminder program. The 

ability to accurately target high-risk patients may increase the cost-effectiveness and lead to 

greater uptake of such adherence improvement programs.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
The figure illustrates the frequency of different medication possession ratios (MPR), in 10% 

bands for all 142 subjects.

MPR = days with available medication / days in study during one year of follow-up.
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Table 1

Sociodemographics and Health Care Factors, by Adherence Level

Very low
adherence

(MPR<20%)
(n = 50)

Others
(n = 92)

Sociodemographic

Age, < 65 15 (30%) 30 (33%)

  65–74 19 (38%) 22 (24%)

  75–84 14 (28%) 27 (19%)

  85+ 2 (4%) 13 (14%)

Education, Less than high school 12 (24%) 20 (22%)

  High school 16 (32%) 33 (36%)

  Beyond high school 22 (44%) 38 (42%)

Health Care Factors

Office visits, < 4 18 (36%) 35 (38%)

  4+ 32 (64%) 57 (62%)

Hospitalization, Any 6 (12%) 10 (11%)

  None 44 (88%) 82 (89%)

Number of different medications, < 5 30 (60%) 41 (45%)

      5+ 20 (40%) 51 (55%)

Hypertension, None 35 (70%) 52 (57%)

  Yes 15 (30%) 40 (43%)

Diabetes, None 48 (96%) 88 (96%)

  Yes 2 (4%) 4 (4%)

Lipid lowering treatments, None 33 (66%) 55 (60%)

  Yes 17 (34%) 37 (40%)

Colonoscopy, None 33 (66%) 64 (70%)

  Yes 17 (34%) 28 (30%)

Mammogram, None 11 (22%) 26 (28%)

  Yes 39 (78%) 66 (72%)

Influenza vaccine, None 23 (46%) 50 (54%)

  Yes 27 (54%) 42 (46%)

Pneumococcal vaccine, None 48 (96%) 88 (96%)

  Yes 2 (4%) 4 (4%)

Charlson comorbidity score, zero 19 (40%) 42 (48%)

      1+ 29 (60%) 45 (52%)

Alcohol consumption of 2 or more drinks per day

    No days per week 35 (70%) 76 (83%)

    1 – 2 days per week 8 (16%) 13 (14%)

    3 – 4 days per week 4 (8%) 3 (3%)

    5+ days per week 3 (6%) 0 (0%)

Health care factors measured in health care claims data from 12 months prior to survey. None of the differences between the two columns are 
statistically significant, i.e., p < 0.05.
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Table 2

Osteoporosis Factors and Health Beliefs by Adherence Level*

Very low
adherence

(n = 50)
Others
(n = 92)

Osteoporosis factors

Do you have osteoporosis, No 10 (20%) 14 (15%)

      Yes 39 (80%) 77 (85%)

Use a pillbox to remember OP medications, No 17 (35%) 30 (33%)

      Yes 31 (65%) 60 (67%)

Doctor or nurse told you had osteoporosis, No 10 (20%) 21 (23%)

      Yes 40 (80%) 70 (77%)

Has someone told you about your BMD results, No 12 (24%) 23 (25%)

      Yes 38 (76%) 68 (75%)

How well do you think your OP medication is working,

    Very well 0 (17%) 7 (12%)

    Somewhat well 4 (17%) 5 (9%)

    Not at all 20 (83%) 45 (79%)

Osteoporosis beliefs

I worry about having osteoporosis,*

  Agree or strongly agree 26 (54%) 68 (65%)

  Neutral, disagree, or strongly disagree 22 (46%) 22 (35%)

If I had a fracture, I could end up disabled*

  Agree or strongly agree 31 (62%) 75 (71%)

  Neutral, disagree, or strongly disagree 19 (38%) 16 (29%)

Medication can treat my osteoporosis

  Agree or strongly agree 30 (60%) 69 (67%)

  Neutral, disagree, or strongly disagree 20 (40%) 22 (33%)

Medications can make my bones stronger

  Agree or strongly agree 32 (67%) 74 (74%)

  Neutral, disagree, or strongly disagree 16 (33%) 18 (26%)

OP Medications can protect against a broken hip

  Agree or strongly agree 24 (48%) 57 (56%)

  Neutral, disagree, or strongly disagree 26 (52%) 35 (44%)

OP Medications can help me stay independent*

  Agree or strongly agree 25 (51%) 63 (69%)

  Neutral, disagree, or strongly disagree 24 (49%) 28 (31%)

OP medications are good for me*

  Agree or strongly agree 23 (47%) 60 (66%)

  Neutral, disagree, or strongly disagree 26 (53%) 31 (34%)

Worry about side effects of OP medications

  Agree or strongly agree 33 (67%) 52 (57%)
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Very low
adherence

(n = 50)
Others
(n = 92)

  Neutral, disagree, or strongly disagree 16 (32%) 39 (43%)

OP medications can help me stay active*

  Agree or strongly agree 24 (49%) 67 (74%)

  Neutral, disagree, or strongly disagree 25 (51%) 24 (26%)

There are better ways than medications to treat OP

  Agree or strongly agree 16 (33%) 19 (21%)

  Neutral, disagree, or strongly disagree 33 (67%) 73 (79%)

Doctors are too quick to give medications

  Agree or strongly agree 20 (40%) 26 (28%)

  Neutral, disagree, or strongly disagree 30 (60%) 66 (72%)

Doctors give medications when advice would be better

  Agree or strongly agree 17 (35%) 21 (23%)

  Neutral, disagree, or strongly disagree 31 (65%) 70 (77%)

I can take care of OP without medications

  Agree or strongly agree 6 (12%) 3 (3%)

  Neutral, disagree, or strongly disagree 44 (88%) 86 (97%)

Medications cause more problems than they solve

  Agree or strongly agree 18 (38%) 27 (30%)

  Neutral, disagree, or strongly disagree 29 (62%) 62 (70%)

I prefer not to take medications

  Agree or strongly agree 25 (50%) 37 (41%)

  Neutral, disagree, or strongly disagree 25 (50%) 53 (59%)

I am already taking too many medications

  Agree or strongly agree 15 (31%) 28 (31%)

  Neutral, disagree, or strongly disagree 34 (69%) 63 (69%)

*
See Appendix for listing of exact working of survey items.

Abbreviations: OP, osteoporosis. Several variables have a few missing responses and thus do not add up to the column total.

*
p < 0.05
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Table 3

Multivariable Logistic Regression For Very Low Adherence

Predictor Fully adjusted* odds
ratios (95% CI)

Weight for clinical
prediction rule

Prior non-adherence 9.42 (1.37 – 64.75) 9

Agree that side effects are concerning 2.51 (0.99 – 6.37) 3

Agree that taking too many different medications 1.72 (0.75 – 3.95) 2

Disagree that osteoporosis is a worry 3.30 (1.28 – 8.50) 3

Disagree that a broken bone will cause disability 2.51 (0.96 – 6.55) 3

Disagree that medications will help you stay active 2.17 (0.92 – 5.11) 2

Drink ≥ 2 drinks per day on 3+ days per week 8.85 (1.71 – 45.84) 9

Very low adherence refers to a medication possession ratio < 20%. The variable selection is described in text. The fully adjusted odds ratios come 
from a model adjusted for all predictors noted above. The weights for the clinical prediction rule are proportional to the odds ratios and the total 
possible score for the clinical prediction rule = 31.
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Table 4

Very low adherence by score on non-adherence clinical prediction rule

Total score N with
score

N (%) with very
low adherence

N with
score

N (%) with very
low adherence

0 11 1 (9.1%)

2 8 0 (0%)

3 25 5 (20%) 84 14 (17%)

4 3 1 (33.3%)

5 31 7 (22.6%)

6 6 0 (0%)

7 11 7 (63.6%)

8 13 7 (53.9%)

9 3 2 (66.7%)

10 10 6 (60%)

11 6 5 (83.3%)

12 4 2 (50%)

13 2 0 (0%) 58 36 (62%)

14 4 2 (50%)

15 1 1 (100%)

17 1 1 (100%)

19 2 2 (100%)

26 1 1 (100%)

Total 142 50 (35.2%)
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